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FOREWORD 

The research project described in this supplementary report was 
accomplished by the Cornell Aeronautical Laboratory,  Inc., Buffalo, Kew 
York for the Flight Dynamics Laboratory,  Wright Air Development Division, 
(presently designated Aeronautical Systems Division) Wright-Patterson 
Air Force Base, Ohio.    The work was accomplished under Air Force Contract 
AF33(616)-6173,  Project No.   1370,   "Dynamic Problems in Flight Vehicles" 
and Task No.   13474,   "Experimental Investigations of I^rnamic Instability 
Phenomena."    Kr.   Dale E.  Cooley of the Dynamics Branch,  Flight Dynamics 
Laboratory was Task Engineer.     This  supplementary report presents results 
for configurations not reported in the main body of this  report. 

The test phase of the project was conducted by C.A.L.  in the E-2 
Hypersonic Blowdown Tunnel of the von Karman Facility, Arnold Engineering 
Development  Center,   Tullahoma,  Tennessee. 

Since the flutter data presented herein were obtained for configura- 
tions in the Mach number range 5 ^ M $    8,  the title of this supplement  is 
slightly different from that  of the main report which included data for 
the Mach number range 5 to 7. 

This document,   excepting the title,  is classified CONFIDENTIAL 
because it.contains  experimental flutter data in the hypersonic  speed 
regime which  can be employed  to determine design criteria for the preven- 
tion of flutter of lifting surfaces for future hypersonic flight vehicles. 
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ABSTRACT 

Experimental flutter data are presented in the Mach number range of 
5 « M ^ 8 for configurations supplementary to those for which data is 
presented in the basic report. The results of correlative analyses to 
determine the accuracy and applicability of piston theory in predicting the 
aeroelastic instability of these configurations in this speed range are also 
included. 

A total of thirty-two semirigid (roll-pitch) flutter data points 
were obtained during the experimental phase of the program to determine 
the effects of Mach number, aspect ratio, leading-edge bluntness and 
thickness on flutter. 

PUBLICATION REVIEW 

This report has been reviewed and is approved, 

FOR THE COMMANDER: 

WILLIAM C. NIELSEN 
Colonel USAF 
Chief, Flight Dynamics Laboratory 
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SUMMARY 

This  supplement to WADD TR 60-328, Ref.  1, describes a theoretical 
and experimental flutter program that was  conducted in the hypersonic speed 
regime to deteimine the effects of Mach number,  aspect ratio,  leading-edge 
bluntness and thickness on the flutter characteristics of unswept,  semirigid, 
half-span models.    The models tested were dynamically similar to  the model 
described in the basic report except for the systematic variations made to 
investigate the above effects on the flutter characteristics.    Experimental 
results in terms of a flutter velocity index, V/6 ä)p\fjüü   ,   and frequency ratio, 
äOp/iiüp ,  vs. Mach number and frequency ratio, lii)^/ljdp   ,  are presented for the 
semirigid models which were tested in the Mach number range of 5 * M < 8. 
Theoretical flutter analyses, both neglecting and including the measured 
amounts of structural damping, were conducted for most of the model 
configurations. 

The main results obtained indicate the following: 

1. Over the frequency ratio range tested at M = 6 the basic fc m \ model 
appears  to be slightly more stable than the basic /^ = 1 model, 

2. The effect of blunting the leading edge of the basic modified 
double wedge profile model at M - 6 is  stabilizing over the 
frequency ratio range  covered, 

3. The  effects of increasing thickness were found to be destabilizing 
at the Mach numbers  tested.    Piston theory predictions, of the effects 
of thickness were found to be conservative at a thickness  ratio of 
8^ whereas they closely predicted the flutter velocity index at 
thickness  ratios  of h and 6%, 

ii.     For all the frequency ratios  tested,  on both the  /R  = \ model and 
the  /R  =  1 blunt nose model,   there  is   a destabilizing-trend in 
the range 6 < M  < 7,  and the start of a stabilizing trend    apparent 
at M = 8.     It appears   that the amount of destabilization between 
M  =  6 and  7 and the  amount of stabilization at M  = 8 are  dependent 
to  some extent on frequency ratio.    Piston theory does  not adequately 
predict these variations of flutter velocity index with Mach number. 

5.     The predicted values of flutter frequency ratio,   (■**!*■)< using piston theory 
were generally greater than the experimental values when  structural 
damping was not included in the analyses, but the  correlation was 
generally improved when structural damping was  included. 
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I.    INTRODUCTION 

WADD TR 60-328  (Ref.  1) describes a theoretical and experimental flutter 
program that was conducted in the hypersonic speed regime to detarnine the 
effects of Mach number, frequency ratio, center-of-gravity location,  pitch- 
axis location,  mass ratio, radius of gyration and thickness on the flutter 
characteristics  of a semispan model having a modified double wedge profile and 
a square planform.     Due to the importance and general interest of  the results 
obtained,  a WADD report,  Ref.   1 was written  to disseminate the information 
quickly.     The present supplanentary report presents results of subsequent tests 
in the Mach number range 5 ^ M ^ 8,   that were performed to determine the effects 
of aspect    ratio,  leading-edge bluntness,   thickness,  and Mach number on the 
flutter characteristics of the basic models. 

Manuscript released by the authors on 1 February  I96I for publication as a 
WADD Technical Report. 
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II.     DESCRIPTION ,0F MODE1S AND  EQUIPMENT 

A, MODELS 

The models used during this supplementary test program were all of the 
semirigid type,  restrained at the root by springs  in roll and pitch. 

The basic semirigid model was  the same as that used in the tests discussed 
in  the main body  of  this report   (Ref,   1)  and had the following nondimensional 
parameters: 

Maximum thickness-to-chord ratio, ZJC   = O.OU 

Elastic axis at hO% chord,   %0   = O.i+O 

Cent er-of-gravity at $0% chord, )6p   =0.10 

Radius  of gyration,   Pp     ■   yO.lO 

Uncoupled roll-pitch frequency ratio, üü^/üdp     = 0.50 

Half-span aspect ratio = 1 

Profile:    Modified double wedge,  fore and aft wedge lengths =  18.3^ chord 

The various model test  configurations are identified by letter  and number 
designations,   i.e.,  SR-20-9.     The SR designation  identifies  the model as  semi- 
rigid.     The first number signifies  a particular configuration,   while the second 
denotes a model number.     Table I  presents  a list   of the model  configurations  and 
their corresponding parameters. 

B. EQUIPMENT 

The  suspension and instrumentation systems were those disciissed in detail 
in  Ref.   I.     The pitch   inertia  of  the suspension system for  each semirigid  con- 
figuration is   listed in  Table  II.      The roll  inertia of the  suspension system is 
negligible with respect  to that  of  the model. 

V/ADD TR 60-320,   Suppl,   1 
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III. PRELIMINARY TESTS 

The mass properties of the semirigid models listed in Table III were 
obtained prior to wind tunnel testing in the same manner as described in 
Ref. 1.  A summary of the zero airspeed vibration test results obtained prior 
to each flutter test are listed in Table IV and the first and second mode node 
lines are presented in Figure 1. 

IV.  WIND TUNNEL TESTS 

The wind tunnel tests were performed in the B-2 tunnel at the von Karman 
Facility, AEDC, Tullahoma, Tennessee. The E-2 tunnel is presently capable of 
operating at Mach numbers of 5, 6, 7, and 8.  The tunnel has been recalibrated 
because of changes made to the tunnel throat subsequent to the tests reported 
in Ref. 1, and the new plots of Mach number vs. P'0  are shown in Figure 2. 

During the test program two nonflutter data points were obtained at M = 8 
for P0 = 1420 and 1550 psia.  The tunnel is calibrated only up to a P0 of 
1000 psia at M = 8.  It is believed that the Mach number at these higher 
pressures is that at a P0 of 1000 to within ±25?.  This Mach number, therefore, 
was considered to be the Mach number for these higher pressures. 

For this series of tests, a flow alignment check was made at M ■ 8, and 
the test results indicated that no flow alignment difficulties would be en- 
countered for models having the designed roll stiffness.  Large amounts of 
model rolling due to a small degree of flow misalighment were encountered at 
M « 6 with the blunt nose model, however, when roll stiffnesses much lower 
than those anticipated had to be used in order to obtain flutter. 

Of the thirty-two data points, four were obtained at stagnation tempera- 
tures slightly below the liquefaction temperature.  These are identified in 
Table V which summarizes the wind tunnel test results. The effects on the 
flutter data of operating slightly below the liquefaction temperature are 
believed to be negligible for the reasons given in Ref. (1). 

V.  FLUTTER ANALYSES 

Except for the blunt nose models, flutter analyses were conducted for all 
configurations using the third-order piston theory described in Ref. 2. The 
calculations were made both assuming zero damping, and also including the 
amounts of structural damping measured on the models. A listing of the 
calculated results is given in Table VI and a comparison of the calculated and 
experimental results is given in Table VII. 

WADD TR 60-328, Suppl. 1 3 
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VI.  DISCUSSION OF RESULTS 

A.  FLUTTER RESULTS FOR /R = | MODEL 

1. Effect of Frequency Ratio Variation for >^ = |- Model 

The effects of variation in frequency ratio on the flutter character- 
istics of the ^ = t? model at M = 6, are shown in Fig. 3.  The experimental 
flutter velocity index obtained with an & = 1  model having essentially the 
same basic nondimensional flutter parameters, (Ref, 1), have also been shown 
in this figure for purposes of comparison. Also shown are results of piston 
theory analyses for the /f? = § model assuming (1) zero structural damping and 
(2) the amounts of structural damping measured on the models. The interesting 
features of the results obtained at a nominal Mach number of  6  for the 
/R = I- model are: 

a. Over the frequency ratio range for which comparison data 
were obtained the variation of the flutter velocity index 
with frequency ratio follows essentially the same trend as 
that obtained with the ^ = 1 model, 

b. Based on the experimental data obtained, the effects of 
decreasing the aspect ratio from unity to one-half appears 
to be slightly stabilizing over the frequency ratio range 
covered. 

While flutter results were not obtained for the ,4? ■ § model below a 
frequency ratio, <W^ /OUp   = 0,14.9, the similar trends of the flutter velocity 
index between the rt <= 1  and ^ ■ J models over the frequency ratio ranges 
tested indicates that the /4? ■ |f model might have the same rapid rise in the 
flutter velocity index with decreasing frequency ratio as that obtained with 
the /^ = 1 model. Results reported in Ref. 1 for the /^ = 1 models indicated 
that the reason for the more rapid rise of the flutter velocity index with 
decreasing frequency ratio than that predicted by theoretical results was 
probably due to the center-of-pressure location being further aft than that 
predicted by the theory. 

The apparent stabilizing effect due to reduction of the aspect ratio 
from unity to one-half seems opposite to the effect found at M = 3 for a model 
having essentially the same profile and nondimensional flutter parameters (Ref. 3)■ 
In Ref. 3)  a slight destabilizing effect was noted as the aspect ratio was 
reduced from 1.0 to 0,50, The reason given in Ref, 3 for this reduction was 
that the Mach cone emanating from the tip of a wing with an aspect ratio of 
0,50 covers a 'substantial portion of the total wing area at M = 3. In the Mach 
cone region the aerodynamic center is moved forward and the influence of such a 
forward shift is destabilizing. 
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On the basis of only the hypersonic similarity parameter,/?z^1  , where 

ß = \lv\z-\   ,  it might be deduced that the results obtained at M  = 6 should also 

show that decreasing the aspect ratio is destabilizing.    The reasoning behind 
this deduction is as follows;     For a model having a given aspect ratio,/? /^ 
decreases with decreasing Mach number.    The data presented in Ref.'s 1 and 3 
indicates that as the Mach number decreases from 6  to 3>  there is a destabil- 
izing trend of the flutter velocity index.    Thus a decreasing value ofß/R can 
be associated with a destabilizing trend of the flutter velocity index.    Since, 

at a given Mach number,yö/^   also decreases with decreasing aspect ratio,   it 
might be expected that the flutter velocity index would also decrease. 

There are other aerodynamic effects,  however, which are.not accounted 
for by this hypersonic similarity parameter.    Jbr example,  the viscous effect 
of the boundary layer, which might override the destabilizing effects pre- 
dicted by the hypersonic similarity parameter ß /R ,    Although the actual reason 
for the slight stabilizing effect that was found at M = 6 as the aspect ratio 
was decreased from unity to one-half is not fully understood based on the in- 
formation studied,  it appears  that some other effects not investigated during 
this program might have caused this unexpected trend.    Further investigations in 
this area are needed to better explain this effect of aspect ratio. 

2.    Effect of Mach Number Variation   for the /^ = | Model 

Figures h through 6 present the data collected for three different fre- 
quency    ratios to  show the effects of Mach number on the flutter velocity index. 
The data show    that frequency ratio has a pronounced effect on the variation 
of y/bnupZ/UL      with Mach number.    Also included in Figs,  h through 6 are the 
theoretical results calculated with and without the  inclusion of the effects of 
structural damping. 

Figure h shows the effect of Mach number on the flutter cnaractaristics 
of the    ^?   = J model having a frequency ratio,  üü^ /üüp   - 0,5li;,    Experimental 
results were obtained only at M  =6,  7 and 8 for this model since the air supply 
available at the  time was not sufficient for testing at M  s 5,    The flutter 
motion obtained at a Mach number of 6 was of a different nature  from that obtained 
at Mach numbers of 7 and 8,    At M = 6,  the flutter was of a rapidly divergent 
type while at M = 7 and 8,  the flutter was of a rather unusual constant amp- 
litude  type and was different from that experienced during any other tests'during 
this program.    At M = 7,  for example,  at the data point small constant amplitude 
oscillations appeared in both the roll and pitch degrees of freedom.    As the 
tunnel pressure was increased the amplitude of the oscillations increased but 
did.not become divergent.    When the model was  retracted after hitting the pitch 
limit stops,  the amplitude was approximately 10 times that of the constant amp- 
litude flutter that was obtained initially.    The roll-pitch amplitude ratio did 
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not change as the flutter amplitude increased and the flutter frequency changed 
only 1.%  from the point the constant amplitude oscillations first appeared to 
the point at which the model was retracted. At M = 8 the flutter character- 
istics were similar to those obtained at M = 7, except that the amplitude growth 
was only a factor of two from the initiation of flutter .to model retraction at 
the maximum P of the tunnel» Because of the peculiar nature of the flutter at 
M = 7 and 8, additional tests were conducted at both of these Mach numbers and 
the results that were obtained substantiated the initial results. 

Theoretical correlation of the experimental results was poor for this 
model configuration. The inclusion of structural damping in the analyses 
markedly improved the flutter frequency correlation, while it improved the 
correlation of the flutter velocity index to only a small extent.  The de- 
creasing trend in the Mach number range 6<M <:7 of the theoretical flutter 
velocity index in which the effects of structural damping have been included, 
is primarily due. to the fact that Vn.e JüL at M = 7 is more than twice the/UL at 
M = 6. At M = 8 the pL  is only 3$%  greater than at M = 7 and thus the theoret- 
ical flutter velocity index curve flattens out. This conclusion is supported 
by the theoretical results presented forU, equal to a constant which indicate 
that the flutter velocity index increases with increasing Mach number. 

Figure 5 presents experimental and theoretical results obtained to 
show the effects of Mach number on the flutter characteristics of the A1 = -J wing 
having a frequency ratio of O.SU*. The variation of the flutter velocity index 
with Mach number is quite different from that which was obtained with the same 
model at a frequency ratio, äJ^/äüp   =  O.JHi.  For example, for a frequency ratio, 

UJn /6jf,    = O.IPÜU, divergent flutter was obtained at Mach numbers of 5, 6 and 7, 
while flutter could not be obtained at M = 8, within the tunnel limits as it 
was for a frequency ratio, üü^/üdp   =  0.5lli.  In addition, the drop in the flutter 
velocity index in the Mach number range 6 <M <-7 was only 6%  as compared to 28^ 
for a frequency ratio, itif /üt)p  - 0.5liu At M = 8, for the model having a fre- 
quency ratio of U)^ /UJp   = 0,Shh,  very little excitation from aerodynamic tur- 
bulence was experienced and, therefore, transient excitation was applied to the 
model.  The transient excitation was obtained by injection of the mouel into the 
airstream. Excitation was initially applied at V/b^^iZ = 1.5>0 and then at 
every incremental increase in '^jbujpJJL   of approximately 0.05» In every case, 
up to \J/bLüp'/jÜL'      =  1.85, which corresponds to the upper lim^-t of the tunnel, the 

transient motion provided by injection was quickly damped.  The tests were re- 
peated up to y/büüpjjü, = 1.80 with the same results. The reason for this change 

in the flutter characteristics with frequency ratio at M = 8 could not be ascer- 
tained. 

Correlation of the experimentally and theoretically determined flutter 
velocity indices is generally poor. It is noted that the theoretical analyses 
including structural damping,resulted in poorer correlation of the flutter velocity 
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• 
index but a much better prediction of the flutter frequency.  The reason for 
the "S" shape of the theoretical curve of the flutter velocity index based on 
analyses using piston theory and in which the effects of structural damping have 
been included is believed to be due to the fact that the increase ±n. JUU  from 
M = 6 to M = 7 is approximately 10 times larger than the increase from M = 7 to 
M = 8. 

Figure 6 presents the theoretical and experimental results obtained with 
the >^ = 4 model at a frequency ratio, (*)p/(jüp m  0.670. The results obtained at 
this frequency ratio are very similar to the results obtained with the model at 
a frequency ratio, OJ^ /(a)p = 0i5Uii, except that divergent flutter was obtained 
at M = 8 with GeWkJ/j = 0.670, At M = 8. the model changed from a stable condition 
to a rapidly divergent unstable condition with a very small change in the flutter 
velocity index. Again, the reason forihis change in the flutter characteristics 
at M = 8 with a change in the frequency ratio is not known. It is noted, as 
with the results obtained at the other frequency ratios, that the inclusion of 
structural damping in the theoretical analyses was destabilizing and also resulted 
in much better prediction of the flutter frequency. 

Figure 7 presents a comparison of the theoretical and experimental flutter 
velocity indices vs Mach number for the & " \ model for the three different fre- 
quency ratios. The important thing to be noted is that for each frequency ratio 
there is an unconservative trend in the Mach number range of 6<M<:7, and then 
a conservative trend apparent at M = 8. 

B.  FLUTTER RESULTS OBTAINED WITH THE BLUNT NOSE, ^? = 1 MODEL 

1.  Effect of Frequency Ratio Variation 

Figure 8 shows the experimental results that were obtained at M ■ 6 
to describe the effects of frequency ratio on the flutter velocity index for an 
/R    =1.0 model having a semicircular leading edge whose radius is equal to ^/2. 
Also shown, for purposes of comparison, are the experimental results previously 
reported in Ref. 1 obtained with a model having the same nondimensional flutter 
parameters but having the basic modified double wedge profile. The flutter results 
obtained for this model at a frequency ratio,^W&4>= 0*50 indicates the leading 
edge bluntness is stabilizing which is in agreement with experimental results 
reported in Ref. 3 and with theoretical results reported in Ref. 5. 

Comparison of the results presented in Fig. 8 for the blunt and the 
bevelled ecfee models at M = 6 indicates that for frequency ratios, Isö^jböp  < 0.65, 
the effect of leading-edge bluntness is stabilizing. Comparison of the curves 
indicates, however, that above this frequency ratio, the stabilizing effect of 
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leading edge bluntness rapidly diminishes.  Thus, for all-movable control sur- 
faces, whose bending to pitch frequency ratio may be approximately unity, the 
stabilizing effect of leading edge bluntness may be nonexistent, 

2. Effects of Mach Number Variation on fö  =  1,Blunt Nose Model 

Figure 9 presents the experimental results that were obtained to 
determine the effects of Mach number on the flutter characteristics of the blunt 
nose model. As indicated, results were obtained throughout the Mach number 
range of 5 <M <8 for the blunt nose model having a frequency ratio, itt/f/fatp  = O.8J47, 
Although flutter was obtained at M =6 for the blunt nose model having a fre- 
quency ratio, btf /ä)p = 0,679, flutter could not be obtained at M = 7 within 
the limits of the tunnel.  The data presented in Fig, 8 shows that for &Jt/(a)p 
= 0,679» if the curve describing the variation of the flutter velocity index 
with frequency ratio shifted slightly to higher frequency ratios at M = 7, 
flutter would probably not be obtained for the model having this frequency 
ratio. This is believed to be the reason why flutter was obtained at M = 6 
and not at M = 7 for this model configuration. 

The results obtained with the blunt nose model, the ^ = § modified 
double wedge model and with the ^ = 1 modified double wedge models having center- 
of-gravity positions at both the k5% and 50%,  chord positions (Ref, 1) are inter- 
esting in that the destabilizing trend in the Mach number range of 6<M "^7 
was obtained with all of these configurations. It might be concluded, therefore, 
that for models having a thickness ratio of 1$, the destabilizing trend in the 
Mach number range 6 <M «7 does not appear to be significantly dependent upon 
the profile, center-of-gravity position or the aspect ratio. 

C,  FLUTTER RESULTS OBTAINED WITH THE 8%  THICK MODEL 

In Figs. 10 and 11, experimental and theoretical results are presented for 
the 8^ thick model as well as data for the U and 6%  thick models taken from 
Ref. 1.  The experimental results indicate that at Mach numbers of 5 and 6 there 
is about a lS%  decrease in the flutter velocity index for an increase in 
thickness from h% to 6%,    An increase in thickness from 6%  to 8%  results in a 
5$ decrease in the flutter velocity index. 

Comparison of experimental results with theoretical results based on 
piston theory aerodynamics both neglecting and including the effects of 
structural damping shows that piston theory, while adequately predicting the 
flutter velocity index at thickness ratios of h%  and 6% at M = 5 and 6, tends 
to a more conservative prediction as thickness increases above 6%,    It is 
further noted that the inclusion of structural damping in the analyses results 
in good correlation with the experimental frequency while correlation is poor 
when structural damping is neglected. 
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Figure 12 shows the variation of the flutter frequency and velocity index 
with Mach number for & " 1 models of 1$, 656 and 8^ thickness ratios.    While the 
k% thick model shows a destabilizing trend as Mach number is increased from 
6 to 7,    the 6% model shows the opposite trend.    No conclusion can be drawn 
as to the variation of the flutter velocity index with Mach number above M = 6, 
for the 856 model since data was not obtained for M>6 due to damage suffered 
by the model during violent flutter at a lower Mach number. 
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VII.  CONCLUSION AND RECOMMENDATIONS 

It is believed that the general objective of this supplementary flutter 
program was accomplished. On the basis of the experimental tests and the the- 
oretical analyses conducted, the following specific conclusions may be drawn: 

1. Over the frequency ratio range tested at M ^ 6 the basic ^" ^  model 
appears to be slightly more stable than the basic ^ = 1 model, 

2. The effect of blunting the leading edge of the basic modified double 
wedge profile model at M=6 is stabilizing over the frequency ratio range 
covered. 

3. The effects of increasing thickness were found to be destabilizing 
at M = 5 and 6. Piston theory predictions of the effects of thickness were 
found to be conservative at a thickness ratio of 6%  whereas they very closely 
predicted the flutter velocity index at thickness ratios of h  and 6%, 

I4., The variations of the flutter velocity index with Mach number for the 
& ■=  J model and for the # " 1  blunt nose model appeared to be dependent on the 
frequency ratio. For- all the frequency ratios tested, there is a destabilizing 
trend in the range 6<M<7, and the start of a stabilizing trend apparent at 
M = 8,  The amount of destabilization between M ■ 6 and 7 and the amount of stab- 
ilization at M = 8 appear to be dependent on frequency ratio although additional 
data would be desirable to better define this effect of frequency ratio. Piston 
theory does not adequately predict these variations. 

5.  The predicted values of flutter frequency using piston theory were 
generally greater that the experimental values when structural damping was not 
included in the analyses, but the correlation was generally improved when 
structural damping was included. 

The results presented in the main body of this report (Ref. 1) as well 
as those presented in this supplement strongly support the recommendation that 
a theoretical research program be undertaken in an attempt to explain the 
unusual hypersonic characteristics that have been reported. 

In addition it is recommended that the following experimental research 
work be undertaken. 

1. Additional experimental investigations should be undertaken to define 
more clearly the parameters which cause the unpredicted flutter trend with in- 
creasing Mach number above 6,   xhe investigations should also obtain data 
to determine if the unpredicted trend continues to higher Mach numbers. 
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2. Tests shoiild be conducted to obtain more data ±"or ^ = -jr and /ft" = 1 
model configurations. The primary purpose of such tests should be to obtain 
flutter data to define the effects caused by larger variations of the parameters 
already tested. 

3. Tests should be conducted to obtain experimental data that can be 
used to check piston theory predictions of the effects of taper ratio, sweep, 
aspect ratio and of profiles other than those already tested. 
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TABIE I. SUMMARY OF NONDIMENSIONAL MODEL PARAMETERS 

j ^^v^^           Model 1 
^^\^^ parameters 

Model       ^\.^ 
Designation    ^^^^ 

l/c 2 
r 

P 
titjudp CG. 

% CHORD 
P.A. 

% CHORD 
fR 

l 
Profile 

j 

SR-19-1 o.oU 0.31U 0.U96 U9.8 U0.0 1 Basic 1 

SR-20-9 o.oU 0.303 0.U92 U9.9 .Uo.o 1 Basic 

SR-21-9 o.oU 0.303 0.U93 U9.9 Uo.o 4 Basic 

SR-22-9 G.OU 0.303 o.^iU U9.9 Uo.o ir Basic 

SR-23-9 O.OU 0.303 0.5UU U9.9 Uo.o 1 
2 Basic 

SR-2U-9 o.oh 0.303 0.570 U9.9 Uo.o 1 Basic 

SR-25-9 O.Oli 0.303 0.670 U9.9 Uo.o 4 Basic 

SR-26-7 O.OU o.3aU 0.U89 50.0 Uo.o 1 mA 
\                      SR-27-7 o.oU 0.31U 0.502 50.0 Uo.o 1 "   i 

SR-28-7 o.oU 0.31U 0.628 50.0 Uo.o 1 ■I 

SR-29-7 o.oU 0.31U 0.656 50.0 Uo.o 1 "   1 
SR-30-7 o.oU 0.31U 0.670 50.0 Uo.o 1 11 

!                       SR-31-7 o.oU 0.31U 0.679 50.0 Uo.o 1 11 

SR-32-7 o.oU 0.31U 0.693 50.0 Uo.o 1 " 

SR-33-7 o.oU 0.31U 0.761 50.0 Uo.o 1 a   i 

SR-3U-7 o.oU 0.31U 0.8U7 50.0 Uo.o 1 it 

SR-35-8 0.08 0.299 0.U89 50.0 Uo.o 1 Basic 

-;;- 
The blunt nose model has a semicircular leading edge of radius "2/2 
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TABLE II.    PITCH INERTIA OF SUSPENSION SYSTEM 
FOR SEMIRIGID MODEL CONFIGURATIONS 

MODEL SUSPENSION PITCH INERTIA X lo3 

CONFIGURATION lb.-in,-sec 

SR-19-1 O.83I 

SR-20-9 0.512 

SRT21-9 0.512 

SR-22-9 0.512 

SR-23-9 0.512 

SR-2k-9 0.512 

SR-25-9 0.512 

SR-26-7 0.51+7 

SR-27-7 0.547 
SR-28-7 0.5U7 
SR-29-7 0.547 
SR-30-7 0.5U7 
SR-31-7 0.547 
SR-32-7 0.5U7 
SR-33-7 0.547 
SR-3ii-7 0.547 
SR-35-8 0.512 
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TABLE III. MASS PROPERTIES OF SEMIRIGID MODELS 

MODEL 

NO. 

TOTAL MASS 

x iok 2 
Lb.-Sec, 

In. 

C. G, 
% CHORD 

TOTAL ROLL 

INERTIA X 10| 
Lb,   In,-Sec, 

TOTAL PITCH , 
INERTIA X 10^ 
Lb.-In.-Sec2 

1 

7 

8 

9 

7.8U 

8,38 

9.38 

5.08 

U8.5 

U8,5 

19.0 

U8,3 

9.08 

8.8? 

10.31 

i.Uo 

1.313 

1.51*3 

1.801 

0.758 
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TABLE   IV.     SUMMARY OF ZERO. AIRSPEED VIBRATION 
TEST RESULTS,  SEMIRIGID MODEI5 

MODEL 
CONFIGURATION 

UNCOUPLED 
ROLL 
CPS 

UNCOUPLED 
PITCH 

CPS 
tiKJtop 

1st COUPLED 
MODE 
CPS 

2nd COUPLED 
MODE 
CPS 

SR-19-1 27.0 5ii.5 0.U96 26.9 58.1 

SR-20-9 28.2 57.3 0.1i92 27,9 62,7 

SR-21-9 26.8 $h.k 0,1+93 26.1+ 58,5 
SR-22-9 27.3 53.0 o.5U 27.0 57,1+ 

SR-23-9 27,2 5o.o 0.5i;i; 26.8 51i.9 

SR-2it-9 27.3 U7.9 0.570 2:6.9 52,0 

SR-25-9 33.5 5o.o 0.670 32.6 55,5 
SR-26-7 21.U U3.8 0.1+89 21.2 1+7,1 

SR-27-7 23.3 Jli6.it 0.502 23.1 1+9.5 
SR-28-7 22.3 35.5 0.628 21.8 38,8 

SR-29-7 23.3 35.5 0.656 22.7 38.8 

SR-30-7 23.8 35.5 0.670 23.2 39.6 

SR-31-7 2ii.l 35.5 0.679 23,5 39.6 

SR-32-7 2U.6 35.5 0,693 23.9 1+0,0 

SR-33-7 27.0 35.5 0.761 26.0 i+o.5 
SR-3U-7 U0.3 U7.6 0.8U7 38.5 55.1; 
SR-35-8 38.6 78.9 0.U89 38.1 85.0 
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TABLE VI.     SUMMARY OF CALCULATED FLUTTER RESULTS 

j      MODEL 
j CONFIGURATION 

MACH       i 
NO.          1 

CALCULATION EXCLUDING 
STRUCTURAL    DAMPING 

CALCULATIONS  INCLUDING""" 
STRUCTURAL      DAMPING          | 

j    V/b oi)pJ/jb Ot}p/(s)p y/bfyjjj: U)fi/tii/>         \ 

l        SR-20-9 6,.OU 1.767 0.777 1.7U3 0.638          | 
!:         SR-22-9 6.0U 1.720 0.785 1,660 0.6Uii 

SR-22-9 6.96 1.7U9 0.777 1.628 0,618 

SR-22-9 8.0U i        1.777 0.769 1.628 0.601            i 

SR-23-9 5.00 1.610 O.80U 1.5U9 0.682 

i        SR-23-9 6,02 1.653 0,795 1.575 0.665 

SR-23-9 7.00 1,685 0.787 1.572 0,6U7            1 

SR-23-9* 8.11 1.716 0.780 1.595 0,639 

|        SR-2ii-9 6.00 1        1,609 0.80U 1.U89 0.678            j 

SR-25-9 5.00 1.323 0,851 1.201 0.751 

j        SR-25-9 5.98 1       1.375 0,8U3 1.253 0.7U8            ! 

SR-25-9 6,96 1.U17 0,836 1.283 0.742 

1        SR-25-9 8.0U l.hSh 0.829 1.311 0,73U 
SR-35-8 5.00 1,311 0,7146 1.323 0,6U3             i 

;        SR-35-8 6.05 1.330 0.735 1.328 0,625 

-;:-    Configuration for which flutter was not obtained 

H;-    For Model No,   8 g^  =  0.008 & g     =  0.03 

For Model No.   9  g     =  0.015 & g    =  0,uh 
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TABLE VII.     COMPARISON OF  CALCULATED & EXPERIMENTAL FLUTTER RESULTS 

«    Configuration for which flutter was not obtained 

*-*    For Model No.  60     • 0.008 & g     = 0.03 

For Model No. 9 g_  • 0.015 & gp  a O.OU 

MODEL 
CONFIGURATION 

MACH   | 
NUMBER 

!                  CALCULATIONS                 1 
i           EXCLUDING DAMPING             \ 

|                    CALCULATIONS                     | 
INCLUDING DAMPING                | 

^Ibbpfc EKP V/fa4)p/£ exp 
tt}F      c 

[V/fcWp^ 
CAU. 

\//bu)pfc 
C»LC 

SR-20-9 

SR-22-9 

SR-22-9 

SR-22-9 

|         SR-23-9 

sn-23-9 
SR-23-9 

i         SR-23-9* 
!         SR-2U-9 

SR-25-9 

SR-25-9 

SR-25-9 

SR-25-9 

SR-35-8 

SR-35-8 

6.0U      ! 

6.Oil 

6.96     ! 

e.oii 
5.00 

6.02 

7.00 

8.11 

6.00 

5.00 

5.98     j 
6.96     j 
8.C'i      | 

5.00 

6.05    1 

1.109 

1.0U5 
0.800 

|      0.77U 

1.0ii3 

1.096 

i     1.016 

1.090 

1.025 

1.023 

1.025 

0.958 

0.951 

1.081 

1.077 

0.822       i 

0.783 

0.739 

0.728       j 

0.8i|6 

0.85Q       i 

0.800 

0.857 

0.907       ! 

0.885 

0.876 

0.912 

0.870 

0.862 

1.12i| 

1.082 

j            0.860 

0.8i5 

j         1.08^ 

1         1.089 

!          1.173 

|          1.107 

1          1.127 
I          1.125 
j        1.058 

1         1.055 
1         1.071 

1          1.078 

1.002 

0.955 
0.929 

0.932 

0.997 

1.016 

0.97U   | 

1.016 

1.028   j 

0.',97 

0,986 

1.030   i 

1.009 

l.Olii 
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MODEL 
CONFIGURATION 

1st COUPLED 
MODE 

SR-I9-I 

SR-20-9 

SR-21,9 

SR-22-9 

SR-23-9 

SR-2it-9 

SR-25-9 

a- 

26.9 
CPS 

i 

1 
27.9 
CPS 

-«i 

-1 
26.4 
CPS 

27.0 
CPS 

-*. i 26.8 
CPS 

26.9 
CPS 

^1 32.6 
CPS 

2nd COUPLED 
MODE 

58.1 
CPS 

-i» 
a. \ 

\ 

\ 

62.7 
CPS 

58.5 
CPS 

57."* 
CPS IK 

A. 

51«. 9 
CPS 

52.0 
CPS 

55.5 
CPS 

TT 

-il 

lA. 

FIGURE   I     MEASURED  COUPLED MODE NODE LINES  AND  FREQUENCIES,   SEMIRIGID MODELS 
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MODEL 
CONFIGURATION 

1st COUPLED 
MODE 

SR-26-7 

1 
1 21.2 

CPS 

SR-27-7 •«t 23.1 
CPS 

SR-28-7 21.8 
CPS 

SR-29-7 
22.7 
CPS 

SR-30-7 
23.2 
CPS 

2nd COUPLED 
MODE 

47. 1 «* 
\ 

\ 
\ 

CPS a. 

\ 

49.5 
CPS 

i 
i 
\ 

\ 

\ 
\ 
\ 
\ 
\ 

38.8 
CPS 

O- 

38.8 
CPS a_ 

\ 
\ 

39.6 
\ 

CPS a. 

\ 

\ 

FIGURE I  MEASURED COUPLED MODE NODE LINES AND FREQUENCIES - 

SEMIRIGID MODELS (CONT'D) 
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MODEL Ist COUPLEO 
CONFIGURATION MODE 

SR-31-7 11                 1 23.5 
CPS 

jS^ 

SR-32-7 23.9 
CPS 

SR-33-7 el 26.0 
CPS 

553- 

SR-3^-7 CL 

38.5 
CPS 

i>B- 

SR-35-8 a! 
38. 1 
CPS 

2n i  COUPLED 

MODE 

^ 
\ 

39.6 

\   i CPS 

i \   i 

it     i 
\ 

40.0 
CPS 

\ 

\          1 

^     i 
■«i 

40.5 «.' \ 
CPS 

\ i \  i 

. 
55.4 i :!\   i CPS 
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