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ROCKET-PROPEUEO VERICLES 

By William T. .huten, Jr. and J. M. Teitelbaum 

As a continuation of  an investigation of f l u t t e r  in the  transonic 
speed range,  nine  pairs of wings of various  angles  of sweepback  and 
aspect  ratios have been tested  using  rocket-propelled  vehicles, and the 
results are  presented herein. The primary objective o f  these experiments 
was to obtain  systematic  data  concerning  the  effect of sweepback on 
f lu t t e r  in the  transonic and low-supersonic  speed ranges. - 

In one series of experlments the wings tested had constant length- 
to-chord ratios,  constant  stfffnessee, and varying sweep angles. The 
unswept-wing configuration of t h i s  series f a i l ed   i n  a low-frequency 
f lu t t e r  mode whlch w a s  appfirently a conibination of  wing bending and body 
pitch. The 30° sweptback wings  of th i s   se r ies   f lu t te red   a t  a Mach number 
of  0.78 in a wing bending-torsion f lu t t e r  mode. Similar wings with 45O 
and 60° sweepback d id  not f l u t t e r  up t o  the highest  Wch n-er of the 
t e s t s  (approx. 1.43). In  another series of t e s t s  on ~ L n g s  o f  constant 
aspect ratio the unswept and the 30' sweptback wings diverged and the 
69O sweptback ' d n g s  f lut tered  a t  a Mach n&er 1.01. In additlon t o  
these experiments, two other  unrelated tests were performed. In the 
first of these  testa  the wings diverged and f a i l e d   a t  a speed that -8 

lower than the  values  calculated f r o m  various d'ivergence theories. In 
the second tes t   the  trings failed in  the low-frequency f l u t t e r  mode 
mentioned previously. . 

A comparison of the  experimental f l u t t e r  speeds with  the subsonic 
f lu t t e r  theory, which  assumes two-dimensional,  incnmpreeeible f l o w  and 
includes sweepback and mode shape, but not body-fYeedom modes, shows 
the theory  to be conservative,  .particularly above M = 0.9. . 

. .  . . .. 
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INTRODUCTION 

BACA rn ~ 5 0 ~ 0 3 a  

The problem of f lu t te r   in  the transonic speed range i s  becoming 
increasingly  important.  Since  very few experimental data have been 
reported fo r  this region and a general  theory  describing  transonic 
f lu t t e r  phenomena i s  not available a t   t he  present time, the  National 
Advisory Commfttee fo r  Aeronautice, as a part of a general  inveetigatlon 
of f l u t t e r ,   i s  conducting f lu t t e r  experinents in  the  transonic speed 
range using rocket-propelled  vehicles. 

Prevfous f lu t t e r  experiments employing rocket  vehicles  are  reported 
in  references 1 to 4. The i n i t i a l   t e s t  using th i s  method, reported in  
reference 1, w&s primarily  a test' to determine the  feasibility o f  the 
rocket  technique. It employed a  simplified breakwire system of  instru- 
mentation and a low-acceleration (4g) rocket  vehicle having a m~utimum 
Mach  n-er of approximately 1.1. The wings tested were  swept back and 
served as horizontal  stabilizing t a i l  fins. The results  indicated that 
more comprehensive instrumentation would be desirable. Consequently, 
another  eqeriment, employing a similar configuration and instrumented 
to detect wing vibrations, was performed and i s  reported in  reference 2. 
Since  these two tests  indicated that the  rocket  vehicle was a satisfactory 
means of obtaining flutter  data fn the  desired gpeed range, the  investi- 
gation was continued  using th i s  method. Reference 3 reports two tes t s  
of unswept  wings ut i l iz ing  this  technfque. The first of these two testa  
resulted in conventional  bending-toreion f l u t t e r   a t  a traasonic Mach 
nuulber, but  the second tes t   resul ted in an unexpected low-frequency 
f lu t t e r   i n  a mode which was apparently  a  codination of wing bending and 
body pitching. 

In  order t o  extend the  investigation into the low-supersonic speed 
range a high-acceleration  vehicle (5!2g), having a maxiruum Mach  number 
of approximately 1.6, was employed. The results of these experiments, 
which  were intended t o  explore  the  usefulness of the  high-acceleration 
vehicle, are reported in  reference 4. The t e s t  w i n g s ,  instead of being 
used as t a i l   f i n s  as on the  low-acceleration  rocket, were placed slightly 
behind the  center of gravity of the  entire model and the vehicle was 
stabilized with small tail fhs. These tests  indicated that the high- 
acceleration  vehicle was also  a  satisfactory means of obtaining  flutter 
information. The experiments reported  herein are a continuation of the 
work of reference 4 and employed a similar vehicle which  had an acceler- 
ation of approximately 16g and a maximmn Mach number of approximately 1.5. 

The primary objective of the experiments reported i n  this paper was 
t o  obtain  systematic data concerning the effect of sweep on f lu t t e r  in 
the  transonic and low-supersonic speed ranges. To obtafn  thls  information 
one group of four  pairs of wings and one group of three  pairs of wings 
were designed. It was intended that t he   f i r s t  group should yield - 
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. information  concerning the effect of  sweep on f lu t t e r  while maintaining 
constant  the wing stlffnesses and the  length-to-chord r a t io .  The second 
group was deeigned with  the  intention of investigating the effect of 
sweep while maintaining  a  constant  aspect ratio.  

In addition t o  these  teste two other  unrelated t e a t s  were performed. 
One pair of wings was designed  with the center of gravity fa r  rearward 
in an  attempt to obtain  supersonic f lu t t e r  with an unswept wlng. The 
second pair, which was similar t o  those that failed in  the low-frequency 
f lu t t e r  mode mentioned previously, was tested to determine what effect 
radical changes in the  over-all  configuration would have on this low- 
frequency f lu t t e r  . 
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wing chord measured perpendicular t o  leading edge, inches 

length of wing measured along lea- edge, inches 

angle of  sweepback, degrees 

distance of e las t ic  axis behind  leading edge  measured per- 
pendicular to leading edge when wing i e  mounted i n  block 
as flown, percent chord 

distance of center of  gravlty of wing section behind  leading 
edge  measured perpendicular to leading edge, percent chord 

nondimensional elastic-&s  position (2 - 1) 
nondimensional center-of-gravity  position (2 - 4 
nondimensional difference between center-of-gravity and  

elastic-axis  positions (a + % - a) 

Mach nmiber 

theoretical Mach nmiber a t  which sonic  velocity i s  first 
attained over 'section of wlng at zero lift 

aspect  ratio  (including  fuselage  area between wing roots) 

. .. . 
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geometric aspect  ratio of one wing panel 

senrichord of wing measured perpendicular to  leading edge, 
feet  

center of gravity of ent i re  missile, inches from nose 

position of leading edge of w3ng a t  root,  inches from nose 

a i r  deneity, slugs per cubic foot 

maas of w i n g  per  unit  length, slugs per foot 

r a t i o  of mass of cylinder of tes t ing medium of  diameter 
equal t o  chord of wing t o  mass of  wing, both  taken  for 
an  equal  length of span (zpb2/m> 

polar moment of  iner t ia  about elastic  axis,  slug-feet per 2 

foot 

first bending natural frequency, cyclee  per second 

second bending natural frequency, cycles per second 

ffrs t  torsion  natural frequency, cycles  per second 

uncoupled first  torsion frequency relative t o  elastic  axis,  
cycles per second 

torsional frequency, radians per second (2rPa) 

structural  damping coefficient  in first bending , 

structural  damping coefficient in torslon 

torsional  rigidity, pound-inches 

bending rigidity,  pound-inches 

acceleration due t o  gravity, 32.2 feet  per second' 

s t a t i c  pressure, pounds per f o o t  

2 

2 

2 



T free-air  temperature, 9 absolute 

dynamic pressure, p m d e  per foot 
2 

q 

VC velocity of sound i n  a i r ,   feet  per second 
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Ve experimental f l u t t e r  speed, .feet  per second 

ffe 

vm experimental speed (maxlmun or  break) , feet  per second 

vR 

experfmental f l u t t e r  fYequency, cycles  per second 

reference wing f lu t t e r  speed (free stream)  based on theory 
of reference 5, feet  per second 

reference wing f lu t t e r  frequency  based on theory of ref-  
erence 5, cycles  per second 

vD reference wing divergence speed based on theory of  refer- 
ence 6, feet  per second 

Rocket Vehicles 

The rocket  vehicles used in these t e s t e  were basically  the same as  
those  reported in Eeference 4, except that i n  the  tests  reported hereFn 
a rocket motor producing 1200 pounds of thrust for approximately 
3 eeconds replaced  the type formerly used, thereby  reducing  the  longitu- 
dinal  acceleration fnrm a maximum of approxi?mtely 52g to a maxirmnn 
of 16g. The models weighed approxlnaately 55 pounds without the  propelling 
charge and approximately 81 pounds with the  propelling charge in  place. 
The corresponding moments of inertia in pitch about the center-of-gravity 
position were approximately 4.3 and 5.2 slug-feet squared. Photographs of 
representative models on the launching  rack are ahown in  figure 1. A 
sketch of the  test  vehicle is shown in figure 2. 

Flutter Wings 

The r lu t t e r  wings were so  attached t o  the  test  vehicle  that the mean 
aerodynamic center of  the  tes t  winge was either at o r  sl ightly behind the 
center of gravity of the model, without the  propelling chazge. The center - 
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of gravity without the  pmpel lhg charge was approximately 0 .5  inch 
behind the  center of gravity  with  the  propelling charge in  place. The 
center of gravlty of each model without the  propellant and the  position 
on the model of each pair of wings is  l is ted 'in table I. The wing 
characteristics which were used in  the  calculation of flutter a n d  
divergence speeds based on theoretical work  were determined from pre- 
fl ight  structural  and vibration  tests and are  also given in   t ab le  I. 
Sketches of the  various wing configurations  tested  are shown in  f f m s  3, 
4, and 5. 

The t e s t  program reported  herein was divided into  three groups. 
The first group consisted of two paire of wings (models 5 and 6)  designed 
f o r  two unrelated  tests. The first pair was designed with the  center of 
gravity far rearward in an attempt t o  obtain supersonic f lu t t e r  with an 
unswept wing and thue  possibly t o  serve as a check on the  testa performed 
i n  the Langley supersonic f lu t t e r  apparatus and reported i n  reference 7; 
The wings  had a circular-arc,  9-percent-thick  airfoil  section, were 
constructed of chordwise laminated white pine xi th   s teel  inserts, and had 
a t ra i l ing  edge  formed of 8 bismuth-tin a l l o y .  The second pair of winga 
(model 6),  having an mACA 65~006 airfoil  section  constructed of white 
pine wfth surface  inserts of aluminum alloy, were so bui l t  t o  have 
the  anr re low bending-torsion frequency ra t io  of the wings tested on the 
low-acceleration  rocket  (reference 3 ) .  

The second group (models 7, 8, 9, and lo), consisting of four pairs 
of wings, was designed to  investigate  the  effect  on f lu t t e r  Bpeed of 
varying the degree of  sweepback while mintainlng  constant  the  length-to- 
chord ratios and the  structural  stiffneesea of the wings.  These  wings 
were constructed of maple laminated spanwise  and  had an NACA 65~009 sec- 
tion  taken  perpendicular to  the  leading edge.  Although the wings were 
identical Fn construction,  the  fact  that they were swept necessitated 
skewed root attachment  blocks which resulted  in an increase  (noted i n  
table I) i n  the bending and torsional  frequencies and i n  a sh i f t  i n  the 
elastic  axis toward the  trail- edge. For this  series of t e s t s  model 7 
had Oo sweep; model 8, 30° sweep;  model 9, 45O sweep; and  model 10, 
&IO sweep. 

The l a s t  group of t es t s  was composed of  three  pairs of wings wkich 
were  unswept  (model ll), swept back 30' (model 12), and  swept back 60° 
(model 13) i n  an attempt t o  determine the  effect of meepback on the 
f lu t t e r  speed while maintaining a constant  aspect r a t i o .  These wings 
were constructed of spruce  laminated in thickness  resulting  in 8 three- 
ply wing. The grain of the wood on the upper and lower surfaces waa run 
spmwise for bendfng strength and the  grain of the center  lamination was 
r u n  parallel t o  the air stream t o  increase the strength of the  leading 
and trailing edges. These  wings  had an NACA 65AO05 section  parallel to 
the   a i r  stream. This design resulted  in uing~ having  approximately con- 
stant torsional f'requencies and decreasing bending frequencies  with 
increase i n  sweep angle. 
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Telemeters and Strain Gages 

7 

Each model W ~ S  equipped with a twu-chazmel telemeter housed i n  the 
metal nose and designed t o  transmit the wing frequencies  detected  by 
strain gages located near the  root of the -8. These StraFn gages  
were  mounted on the winga to  detect  wing torsion,  with  the  exception of  
model 6 ,  which had the atrain gages mounted to detect wing bending. The 
transmitted signals frcm the  telemeter, a c h  was provided  by the Langley 
lnetrument  Research  DiHaion, were  recorded a t  two receiving  stations  near 
the launching area. Accurate wing frequencies  could be determbed from 
the  records  but no effor t  W ~ S  made t o  evaluate  the  =&tude  of  the 
f lut ter   osci l la t ion because the response of the  recording system decreased 
with  increase Ln frequency. During the   f l ight   tes ts  the models  were 
tracked  with continuous-w&ve radar i n  order that the flight velocity could 
be determined. Timing s igmls  were shultaneously  fed  to  both the 
continuous-wve  radar and the  telemeter  recorder in  order  that  the data 
could be correiated. 

RESULTS AWD DISCUSSIOm 

In general,  take-off and the power-on flight of the models  were 
smooth up un t i l  wing failure. The failure of one wing cf a model caused 
the model t o  88t3ume a helical flight path and the  information obtained 
concerning the remaining wing af te r   th i s  time could no longer be con- 
sidered fo r  a flutter  analysis.  In these cases 110 velocity data & r e  
recorded In table I1 for  the wing that did  not fai l .  

Prior-  to flight t e s t i n g ,  pre1fmimn-y f lu t t e r  and divergence 8,pede 
were calculated by u e b g  standard air density in the approximate forrmtlaB 
given in reference 8. After flight testing, the reference  f lutter and 
divergence  speeds were calculated by theories which are more specific 
than  that used in the preliminary  calculations and the  afr  density 
employed in these  calculations was that.determined at the time of flight. 
Reference f l u t t e r  speeds &re calculated from the  theory of reference 5 
which emplop two-dimensional  incompressible flow, includes sweepback, 
uses  the uncoupled first bending and first torsional  frequencies and, 
associated w?th these frequencies, assumes the mode shape of a uniform 
cantilever beam clamped perpendicular t o  its length. A re-examination 
of the data wTth the  inclusion of mfssile free-body modes in the cal- 
culation of f l u t t e r  speeds w o u l d  be desirable  but is beyond the scope of 
the  present paper. The reference  divergence speeds were calculated from 
the  theory of reference 6 which includes  the  effect of sweep and makes 
corrections f o r  the  effect of aspect  ratio and compressibility. 
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I n  preceding papers on transonic  flutter  (references 1 t o  4, 7, 
and 9 t o  11) the experimental f l u t t e r  speeds have been compared with 
reference  flutter speeds derived from the  theory  of  reference 8. Since 
reference 8 does not treat the  effect of sweep, it i s  thought that 
reference 5 is more appropriate  for  the purpose of t h i s  paper.  This 
statement should be  rerwibered when the  results of t h i s  paper are  com- 
pared  with data  published i n  previous  papers. It may be noted, however, 
that  f o r  the  straight wings reported  herein,  calculations were mde  to  
check the numerical differences  resulting f r o m  the  use of the two  methods 
(references 5 and 8).  In these  calculatione  the  values  obtained from 
the  theory of  reference 5 ranged between 0.4 and 3.6 percent  higher and 
averaged 2 percent  higher  than  the  values  obtained from reference 8. 

Model 5 

The t e s t  of model 5 was conducted t o  determine the effect  on f l u t t e r  
of an extremely  rearward wing center-of-gravity  position.  For  these 
particular wings the  center-of-gravlty and elastic-axis  positions were 
very  near  each  other  with  the  center of gravity  located  behind  the  elastic 
axis as noted in  table I. It m a  thought from the  preliminary  calcula- 
t ions that the  f lut ter  speed would be  reached  before  the  divergence 
epeed. However, the  record reproduced in figure 6(a) clearly shows that 
w i n g  divergence d i d  occur. Divergence-speed calculations were  made for  
t h i s  model from varloua theories  but a l l  values  obtained exceeded the 
experimental failure speed by at least  200 feet  per second. No conclu- 
sions are d r a w n  as to the  reason for wing divergence. There i s  a 
possibility, however,  of a forward sh i f t  in the  center  of  pressure which 
would decrease the divergence speed and might result in an  experimental 
value  smaller  than  the value obtained from calculations baaed on a center 
of  pressure  located at the quarter chord. There i s  also a possibil i ty 
that  a gust or some change in   the  s tabi l i ty   character is t ics  of  the model 
du& t o  eome unknown flfght conditions may have resul ted  in  an  overload 
on the wing. 

Model 6 

The wings of model 6 were similar i n  construction. though smaller 
in   s ize ,   to  thoee on model D, reported in  reference 3. In the   t es t  of 
model D, wing failure appeared t o  be caused by an oscillation  involving , 

flexure of the wing and pitch of the model. In order t o  determine 
whether the  position of the wlngs on the.fuselage and the moment of  
iner t ia  and mass of  the  fuselage.basically  influence  this  oecillation, 
the flight t e s t  of model 6 was conducted. For this test  the  leading 
edge of  the wings was located  slightly ahead of  the  center of gravity 
of the model, instead o f  being used a s  t a i l  fine as they were on model D. 
The etrain gages on these wings were  mounted t o  detect bending rather than 
torsion. - 
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The t e s t  results shown in figure 6(b) show that  the frequency of the 
oscillations immediately preceding wing failure was lower than  the  natural 
first bending  frequency of the wfng and slightly  higher  than  the  natural 
pitching frequency of the model a t   the   fa i lure  speed. This fact  indicates 
that the   f lu t te r  mode W&B apparently  a conibination o f  flexure of the K i n g s  
and pitch of the model. In order t o  investigate  further this type of 
f lut ter ,   addi t fond  tes ts  with gore complete ins tmenta t fon  fo r  detecting 
model pitch and translation are necessary. 

Models 7, 8, 9, and 10 

This group of models was tested  to  investigate the effect of 
varying the degree  of sweepback on f lu t t e r  speed while maintabinn con- 
stmt the length-to-chord ra t io  and the structural stiffnesses. The 
record of the flight of model 7 (unswept) in figure 6(c) shows er ra t ic  
oscillations  just  before failure, but  a  study of this  record  indicates 
that  the  left-wing  failure may be of the same type as the failure of 
the w i n g s  of model 6 .  The oscillations  are'not a8 smooth and the ampli- 
tude i s  not as large as those on the  record of  model 6, but it should . 
be pointed  out that th i s  type of failure i s  composed primarily of wfng 
bending and the trace on the  record is that produced by  torsion strain 
gages. If the gages happen t o  be placed  exactly in   the  right positfon 
relative t o  each other and the wing, no bending will be detected  by 
gages that are mounted for torsion. 

Figure 6(d) shows a record of the   f lu t te r  of model 8 (30° sweepback). 
The wings on t h i s  model f lu t te red   a t  a Mach rider of 0.78, corresponding 
t o  a speed of 882 feet per second. The r a t i o s  of  experimental f l u t t e r  
speed t o  the  reference  flutter speed are 1.10 and 1.14 f o r  t h e   l e f t  and 
right wings, reepectively. This difference i s  caused by  a slight d i f -  
ference in the structural parameters  of the wings. The experimental 
f l u t t e r  frequency was 50 cycles per seconrl. The calculated  reference 
f lu t t e r  frequencies  are 51.2 and 48.7 cycles  per second. 

Model 9 (45O sweepback) and model 10 (60' sweepback)  went  up to   t he  
highest Mach  number of the  f l ights,  1.44 and 1.47, respectively,  without 
f lut ter   or   fa i lure  so no reproduction of these  record8 i s  shown. The 
ratios of the maximum evr imenta l   ve loc i t ies  t o  the  reference  flutter 
velocities f o r  these models are  1-91 and 1.96 for model 9 (45O sweepback) 
a d  1.50 and 1.52 for model 10 ( 60° sweepback) f o r  t he   l e f t  and right 
w i n g s ,  respectively. These values  indicate that the  theory is  increas- 
ingly  conservative a t   t h e  higher Mach nmibers. It should be-pointed  out 
that  the  structural parameters (table I) of  models 8, 9, and 10 are  quite 
similar.  This  fact  leads t o  the  conclusion that the primary  reason  for 
no f lu t t e r  i n  the  tes ts  of the w i n g s  of models 9 and 10 was the  fact  that 
they were  more highly swept than  those of model 8. It might also be 
pointed  out that since this series of wings had a  constant  length-to-chord 
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ratio,  the higher sweep angles had a lower aspect  ratio.  Therefore, an 
addi t iona l  aspect-ratio  effect nay also be involved i n  this series of  
tes ts .  

Models 11, 12, and 13 

This group of models was tested t o  investigate  the  effect of varying 
the degree of sweepback while mlntaining  the  aspect r a t i o  constant. 
Unfortunately, for   this   par t icular  group of tes t s ,  no conclusions may be 
drawn concerning the effect of sweep on flutter  since models 11 (unswept) 
and 12 (30' sweepback) diverged. The wing of model 11 failed at a Mach 
number of  0.97 correaponding t o  a speed of 1100 feet  per second while 
the  calculated divergence Bpeed was 1028 feet per second. Although 
these wings d id  not f lutter,   the tests have value in that they show that 
the  f lutter  region  for this type of wing i s  above the  points  at  which 
these wings failed. 

Concerning mdel 12, a6 in   the  case of model 5 ,  divergence does not 
have a  definite  explanation. The ra t io  of the experimental failure 
speed t o  the  calculated divergence a p e d   i s  0.544. 

A possible  explanation of the  failure of models 11 and 12 might be 
vehicle  instability. Such a phenomenon hss been  noted when the  size of  
the  stabilizing  fins approachee the  size of the  test  w l n g s  and the fins 
l i e   i n  the plane of the w b g s .  Such instabi l i ty  apparen5ly occur8 only 
over a amall range of wing angle of attack near  zero and i s  attributed 
t o  the  effect of downwash on the t a i l  surfaces. In t h i s  case failure 
would be caused by simple overloading of the wings and not by divergence. 
It may be  noted that an angle of incidence of approxlmately 3 O  would 
create  sufficient  load t o  cause wing failure. 

The f lu t t e r  of model 13 is interestfng in that it occurred a t  a 
Mach  number  of 1.01, corresponding t o  a speed of 1130 feet  per second. 
The r a t i o  of experimental f l u t t e r  speed t o  the  calculated  f lutter speed 
is 1.38 and 1.37 fo r  the l e f t  and right wings, respectively. The 
experimental f l u t t e r  frequency was lo7 cycles per second. The reference 
f lu t t e r  frequencies  are 91.6 and 92.25 cycles per second for the l e f t  
and right wings, respectively. 

The calculated  f lutter speeds used i n  obtain- the  ratios  referred 
t o  previously  are  obtained  fromthe  theory of reference 5. A plot of  
the  ratios of  the  various  experimental  velocitiee t o  the  reference 
velocities as a function of Mach  n-er i s  preeented i n  figure 7. While 
sufficient  data were not  obtained t o  make any conclusive  statements 
concerning these  low-a~pect-ratio wings, there i s  the BEUE 'indication 
as  that pohted  out Fn reference 11 relative to straight  wing^; that i s ,  
that above a Mach n-er of  approximately 0.9 and  on  up t o  the limit of 
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& these  tests  the incompressible  theory becomes  more conservative. There 
i s  the  Fndication, as in reference ll, that the region around M = 0.9 
is  the   c r i t i ca l   f lu t te r  region for  these  low-aspect-ratio (A < 4) wings 
witk length-to-chord ratios of 3. These data  are supplemented by 80me 

unpublished results obtained from tes te  run in  the Langley supersonic 
f lu t t e r  ap-ratus (M = L 3 ) ,  where all w i n g s  that fluttered in super- 
sonic flow, with the  exception of 60° sweptback winga with length-to- 
chord r a t i o s  of 5 o r  higher,  also  fluttered when sub jected t o  subeonfc flow. Further  investigation  with wings of hfgher aeped ra t ios  is 
necessary t o  enlarge upon the results that  have been obtaised, 

It should be  emphasized that the  calculated  f lutter spee& are 
based on a  theory which employs twu-dlmenaional incompressible flow and 
are not  expected to agree  with  experlments i n  the Mach  n-er range o f  
these  tests. Earever, these calculations may be used as  a atandard with 
which the  data of this and other t e s t  program may be compared. When 
sufficient experimental data have been obtained, it may serve a s  8 con- 
venient  design criterion which could be used i n   l i e u  of a more  exact 
method of calculating  trassonic  f lutter apeeds. 

CONCLUDING ST-S 

Wings of various  aspect  ratios and amounts of sweepback have been 
* tested using rocket-propelled  vehicles. The first pair   tested diverged 

and fai led a t  a speed that was 200 feet per  second less  than the lowest 
value  calculated from various divergence theories. The second pair 
tested  failed in a low-frequency f l u t t e r  mode which was apparently  a 
combination of  wfng bending and body pitch. 

Tests of one eerie8 of  wings of constant  length-to-chord ratios and 
stiffnesses and varying sweepback angles  resulted in an unswept King 
failing apparently in   the  same low-frequency f lu t t e r  mentioned previously. 
The 30° sweptback w i n g s  of thfs ser ies   f lut tered  a t  a Mach  n7mber of  0.78 
in a w i n g  bending-torsion f l u t t e r  mode, The experimental  meed exceeds 
the  f lut ter  speed calculated by use of the fncompre8sihle  swept-d 
theory of NACA RM L W O  by  about 12 percent. Similar wing8 wfth 45 
and 600 sweepback did not f l u t t e r  up t o  the highest Mach nuuiber of  the 
t e s t s  (1.44 and 1.47, respectively). The maximum experimental apeeds 
attained exceed the calculated speeds by about 93 percent in the  case 
of the 45O sweptback wings and by about 50 percent in the case of  the 60° sweptback winge.  

nQ 

= In another  series of t e s t s  on wings of constant  aspect ra t io   the 
unswept and 30' sweptback wings diverged and the 60° sweptback wings 



12 
I 

NACA RM L50C03a L 

f lut tered  a t  a Mach rimer of  1.01. The experimental f l u t t e r  speed 
exceeded the  calculated  reference  flutter speed by about 37 percent. 

I 
Langley Aeronautical Laboratory 

National Advisory  Committee f o r  Aeronautics 
Langley A i r  Force Base, Va. 
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Figure 1.- Photographs of repreeentative mcdele on the Launching rack. 
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Figure 2.- Sketch of test vehicle showing attachnent of an unswept and a 
6oo sweptback wing. (All dimensions are in inches. ) 
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Flgure 3.  - Sketch of wings of models 5 and 6. (AU dimensions a r e  in 
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Figure 4.- Sketch’ of wings of modele 7, 8, 9, a i  10. ( A l l  dimendons are  
i n  inches. ) 
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(a) Model 5; A = '7.3; A = Oo; vc = l 1 U  f e e t  per second. 

Figure 6.- Portions o f  telemeter recorda obtained  during the flight tests 
with Mach number plots added. 
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(b) Model 6 ;  A = 7.3; A = 0'; vc = 1115.4 feet per second. 

Figure 6 .  - Continued. 
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(c)  Model 75 A = 7.31 A = 0'; v, = lll2 f e e t  per second. 

Figure 6. - Continued. 
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(a) Model 8; A = 5.6; A = 30'; vC = 1127 feet per second. 

Figure 6.- Continued. 
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(e)  Model U; A = 3.3; A = 0'; vc = 1136 feet per sqcond. 

Figure 6. -  Continued. 
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(f) Model 12; A = 3.3; A = 30’; vc = 1135 feet per second. 

Figure 6 . -  Continued. 
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(g) Model 13; A = 3.3; A = 60'; vC = UBI fee t  per second. 

Figure 6 .  - Concluded. 
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