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EXPERIMENTAL INVESTIGATION OF THE TRANSONIC AN3 

SUPERSONIC FLUTTER CHARACTERISTICS OF THE 

UPPER AND LOWER VERTICAL TAILS OF 

o, 

e 
0 . 4  

AN AIR-TO-GROUND MISSILE 

i 
\ 
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SUMMARY 

Flutter models of the upper and lower vertical tails of an air-to- 
ground missile have been tested in the Mach nuniber range from 0.5 to 3.0. 
It was found that the upper surface exhibited more or less conventional 
flutter behavior throughout the Mach nmiber range, whereas the lower sur- 
face experienced a sudden change in flutter mode at a Mach number of about 
1.18. This change in flutter mode was accompanied by a decrease of about 
50 percent in the density required for flutter to occur. 

INTRODUCTION 

The increased usage of highly swept surfaces for stability and con- 
trol of airplanes and missiles coupled with the frequent occurrence of 
flutter of these surfaces has led to considerable interest in a stuciy of 
their flutter characteristics. At the present time, analytical predic- 
tions of the flutter behavior of such surfaces are subject to question, 
particularly in the transonic speed range. Furthermore, no systematic 
experimental trend studies have been made so that the designer, at pres- 
ent, is faced with the problem of having to determine experimentally the 
flutter characteristics of each particular configuration he may wish to 
use. It is for this reason that it was considered desirable to test 
models of the upper and lower vertical tails of a proposed air-to-ground 
missile. The models were tested at Mach numbers of about 0.3 to 1.24 in 
the Langley 2-foot transonic flutter tunnel and at Mach nmibers of 1 . 3  
to 3.0 in the Langley 9- by 18-inch supersonic flutter tunnel. 

The purpose of this paper is to present the experimentally determined 
flutter characteristics of these two configurations and to present the 
available structural 
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a speed of sound, ft/sec 

b semichord at three-quarter-span station, ft 

M Mach number 

!J mass-ratio parameter (see pages 4 and 5 )  

P density of test medium, slugs/cu ft 

ratio of flutter frequency to coupled rudder rotation frequency PP 

APPARATUS AND TESTS 

Description of Wind Tunnels 

The tests were conducted in the Langley 2-foot transonic flutter 
tunnel f o r  the Mach number range from 0.5 to 1.24 and in the Langley 9- 
by 18-inch supersonic flutter tunnel for the Mach number range from 1.3 
to 3.0. 

The Langley 2-foot transonic flutter tunnel is a conventional slotted- 
throat single-return wind tunnel equipped to use either air or Freon-12 
as a test medium. This tunnel is of the continuous-operation type; that 
is, it is powered by a motor-driven fan. Both test section Mach rimer 
and density are continuously controllable. 

The 9- by 18-inch supersonic flutter tunnel is a conventional fixed- 
nozzle blowdown-type wind tunnel exhausting into a vacumm sphere. 
nozzle configurations used in this investigation gave Mach nuzdbers of 
1.3, 1.64, 2.0, and 3.0. 
is continuously controllable. For one run the M = 1 . 3  nozzle was oper- 
ated subsonically to check the compatability of the two tunnels at about 
the same Mach number. 

The 

At each Mach number the test-section density 

Description of Models 

The two configurations tested simulated the upper and lower vertical 
tails of an air-to-ground missile. These two configurations were similar 
in several respects. For example, both surfaces had their leading edges 
swept back 60° and both surfaces were equipped with unbalanced rudders 
hinged at the leading edge of the rudder. The two configurations differed 
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primarily i n  the root f i x i t y  and i n  plan-form d e t a i l s  at  the  t i p .  
upper ver t ica l  t a i l  plan form w a s  1/10 scale  and had an aspect r a t i o  
of 0.63 and a taper r a t i o  of 0.34. 
and had an aspect r a t i o  of 0.72 and a taper r a t i o  of 0.43. 
both configurations had f la t -p la te  a i r f o i l  sections with beveled leading 
and t r a i l i n g  edges. 
and tapered i n  thickness by a chemical mill ing process. 
dimensions of the t w o  configurations and the  design thickness d is t r ibu-  
t i on  of a l l  the models tes ted  are shown i n  figure 1. 
thicknesses indicated by the  numerical designations were used i n  order 
t o  obtain f l u t t e r  points within the l imitations of the two tunnels. The 
actual  measured thicknesses of the lower surface models w e r e  about 15 per- 
cent thicker than the design thickness and the  upper surface models varied 
from the  design thickness by about k0.003 inch. 

The 

The lower ve r t i ca l  t a i l  was l /7  scale 
Models of 

The models were cut from 2024-T aluminum-sheet stock 
The plan-form 

Models of d i f fe ren t  

The models w e r e  mounted on the  tunnel w a l l  with two different  types 
of simulated fuselage mounts as shown i n  figure 2. In  figure 2(b) the  
upper portion of the clamp has been removed t o  show the  method of clamping. 
The mount used i n  the  supersonic t e s t s  placed the root chord about 
3/4 inch away from the w a l l ,  whereas the mount used i n  the transonic 
tunnel placed the root chord about 3 inches away from the w a l l .  The 
primary purpose of these simulated f'uselages was t o  remove the models 
from the  tunnel-wall boundary layer. 

The lower surface models had an in tegra l  base block which provided 
clamping along the en t i re  root chord. The upper surface models had a 
root f ix ture  (see f igs .  l(b) and 3) which s b u l a t e d  the  fuselage attachment 
f i t t i n g s  of the  prototype. 

The rudders of the  models were made by cutt ing the  outline of the  
rudder from the model except for  a small portion near the hinge l ine near 
the  root .  
of nylon thread hinges. These hinges were made by d r i l l i n g  a small hole 
oii each si& at t h e  hicge line, drawing a s m a l l  nylon thread through the  
holes so as t o  form a figure eight, and then gluing the  thread a t  the  
holes. The model rudder rotat ion frequencies were tuned t o  the desired 
values by varying the amount of retaining m e t a l  a t  t he  hinge l i n e  near 
the  root.  In  some cases f o r  the  lower surface it was 
necessary t o  lower the  bending frequency by making s m a l l  cuts pa ra l l e l  
t o  t he  a i r  flow at  the  root chord. 

The outer portion of the  rudder w a s  held t o  the f i n  by means 

(See f i g .  3 (b ) . )  

The models were equipped with an electrical-resistance-wire s t ra in-  
gage bridge oriented t o  be sensitive t o  the  f l u t t e r  mode. 

The masses and natural  vibration frequencies of the various models 
t e s t ed  a re  presented i n  table  I. I n  the  "Model Number" column, the  
l e t t e r s  A, B, C, D suffixed t o  the numerical designations indicated 
duplicate models f o r  each thickness ser ies .  The f i r s t  four natural  
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vibration modes measured f o r  models 11-B and 25-B are  presented i n  
f igures  4 and 5 .  
of a l l  the models tes ted.  
i n  reference 1. 
deflected models along with a tab le  of deflections (normalized on the 
maximum deflection) a t  various points. 
presented i n  figure 6 f o r  both the upper and lower surfaces. The node 
l i n e s  f o r  the  lower surface are shown i n  figure 7(a) and those f o r  the 
upper surface i n  f igure 7(b). 

- 
These measured modes are  considered t o  be representative 

These modes were obtained by the  method used 
The modes a re  shown as three-dimensional drawings of the 

The locations of these points a r e  

Test Procedure 

The t e s t  procedures used i n  the  two wind tunnels were similar i n  
that the Mach number was f irst  established a t  the  desired value and 
then the t e s t  section density w a s  increased u n t i l  f l u t t e r  w a s  observed. 
The t e s t s  i n  the two tunnels differed i n  tha t  the  time required t o  reach 
the  f l u t t e r  condition was only a few seconds i n  the supersonic f l u t t e r  
tunnel whereas the time required i n  the transonic tunnel w a s  several 
minutes. 
data from the two f a c i l i t i e s  implies t ha t  these and other differences 
between the two tests had insignif icant  e f fec ts  on the r e su l t s .  

A s  w i l l  be noted subsequently, the agreement indicated by the 

For the  t e s t s  i n  the supersonic tunnel the model strain-gage output 
as well as tunnel conditions were recorded fo r  the  en t i r e  run by u t i l i z ing  
an oscillograph. In  the transonic tunnel the  strain-gage output from the  
model was recorded continuously by using a magnetic tape recorder equipped 
with a frequency modulation system. I n  t h i s  manner, a record of the f l u t -  
t e r  condition could be obtained even though the model might be destroyed 
i n  too  short a period of time f o r  a record t o  have been obtained otherwise. 

FSlSULTS AND DISCUSSION 

The basic  data obtained i n  t h i s  investigation a re  presented i n  
tab le  I and figures 8 and 9. 

s t i f fness  parameter 2 fi with Mach nmiber. The a l t i tude-s t i f fness  
parameter values shown a re  based on the semichord b 
span s ta t ion.  For the lower surface the  value of b used w a s  0.203 foot ,  
whereas f o r  the upper surface b w a s  0.U4 foot.  The frequency cop used 

i n  calculating values of the  parameter i s  the  measured frequency of the 
second mode fo r  a l l  the models. This second mode resembles a rudder 
rotat ion mode and w i l l  be referred t o  as such subsequently. 
surface the mass-ratio parameter p 
of the  exposed model t o  the mass of the  volume of a i r  contained i n  the 
conical frustrum whose height i s  the  model span and whose bases have 

Figure 8 shows the  var ia t ion of the a l t i tude-  

at  the three-quarter- 

For the lower 
i s  defined as the  r a t i o  of the mass 
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- diameters equal t o  the root chord and the t i p  chord. For the upper 
surface, which has a rounded t i p ,  the mass r a t i o  i s  defined i n  the same 
manner except that an extrapolated t i p  chord which i s  obtained by extending 
the t r a i l i n g  edge t o  the  t i p  i s  used. For the lower surface the  volume 
was 0.0743 cubic foot whereas f o r  the upper control it w a s  0.0874 cubic 
foot . 

Figure 8(a) indicates that the al t i tude-st i f fness  parameter f o r  the  
upper surface had a conventional variation with Mach number, that is, it 
increased almost l inear ly  t o  a high value near M = 1.0 and then, after 
a small decrease, increased t o  higher values near M = 3.0. This type 
of f l u t t e r  boundary has been observed f o r  a var ie ty  of configurations. 

I n  f igure 8(b)  the  f l u t t e r  boundary fo r  the  lower surface exhibits 
somewhat unusual behavior. 
ments which resemble conventional f l u t t e r  behavior except that the two 
segments are separated by a discrete  jump a t  a Mach nmiber of about 1.18. 
This jump i n  the parameter corresponds t o  a decrease of about 50 percent 
i n  the density required t o  produce f lu t t e r .  This decrease i s  associated 
with a change i n  the mode of f l u t t e r  as  evidenced by the change i n  f l u t t e r  
frequency shown i n  figure 9. 
quency fo r  the  lower surface increased discontinuously from a frequency 
s l igh t ly  below the  rudder rotat ion frequency t o  values somewhat higher 
than the  rudder rotat ion frequency. 
same Mach number as that a t  which the decrease i n  f l u t t e r  density occurred. 
A sudden change of f l u t t e r  mode with associated changes i n  the  f l u t t e r  
boundary has been observed before f o r  other configurations. 

The f l u t t e r  boundary i s  composed of two seg- 

Figure 9(b) indicates t h a t  the f l u t t e r  f r e -  

This change i n  mode occurred at the  

(See r e f .  2.)  

Figure 9(a) indicates that the  f l u t t e r  mode f o r  the upper f i n  under- 
went similar changes through the  Mach number range except that the change 
from a low frequency mode t o  a higher frequency mode required a much 
la rger  change i n  Mach number. 

Tk.,e pcss:bility sf a reflected shock w a v e  causing the  abrupt change 
i n  f l u t t e r  mode has been considered. 
f o r  t he  lower surface model a t  M = 1.3 i n  the supersonic tunnel indi- 
cates that the  shock ref lected fromthe tunnel s ide w a l l  would intercept 
t he  model t i p .  However, a similar estimate of reflected-shock conditions 
i n  the  larger  transonic tunnel indicates t ha t  the  ref lected shock should 
c lear  the  model at  Mach numbers greater than M = 1.05. 
smooth var ia t ion of the data through t h i s  Mach number would indicate 
l i t t l e  e f fec t  of ref lected shocks on the data. 
noted that the  generally good agreement indicated by the data from the  
two t e s t ing  f a c i l i t i e s  lends credence t o  the data as a whole. 

Construction of a Mach angle diagram 

The re la t ive ly  

Furthermore, it might be 

Some speculative remarks may be i n  order concerning a possible cause 
f o r  t h e  observed change i n  mode. It i s  noted i n  figure 1 tha t  the  t r a i l i n g  . edge of the lower surface model i s  a t  an angle of 58.4' with the airstream 



6 

direction. 
trailing-edge angle i s  about 1.17 - i n  other words, very near the Mach 
number a t  which the  change i n  f l u t t e r  mode occurred. 
reaches the  trailing-edge angle, cer ta in  changes i n  the  flow conditions 
can be expected. For example, disturbances originating a t  the  t r a i l i ng -  
edge root intersection can no longer be propagated onto the surface. 
"he possible importance of t h i s  observation can be judged by examination 
of the rudder-rotation deflection mode shown i n  figure 4(b) which indi-  
cates that the largest  deflections i n  t h i s  mode occur at  the intersect ion 
of the t r a i l i n g  edge and the root. 
which occurs at  t h i s  Mach number i s  tha t  the shed vo r t i c i ty  i n  the wake 
can no longer induce forces on the surface. 

The Mach number which 'has. a' Mael? angle corresponding t o  t h i s  
I 

When the  Mach angle 

Another change i n  flow conditions 

Further substantiation of these remarks i s  offered by the data of 
reference 2 which indicate a change i n  f l u t t e r  mode f o r  de l ta  configura- 
t ions  a t  M = 1.0. 
t igat ion do not contradict the foregoing statements i n  that the  gradual 
change i n  f l u t t e r  mode which occurred f o r  t h i s  configuration can be said 
t o  have occurred near M = 1.29, the Mach number having a Mach angle equal 
t o  the  trailing-edge angle. 

The data obtained f o r  the  upper surface i n  t h i s  inves- 

CONCLUDING RFSIARKS 

Flut ter  models of the upper and lower ve r t i ca l  t a i l s  of an a i r - to-  
ground missile have been tes ted  i n  the Mach number range from 0.5 t o  3.0. 
It was found tha t  the upper surface exhibited more or  l e s s  conventional 
f l u t t e r  behavior throughout the Mach number range whereas the lower sur- 
face experienced a sudden change i n  f l u t t e r  mode a t  a Mach number of 
about 1.18. 
of about 50 percent i n  the density required f o r  f l u t t e r  t o  occur. 

This change i n  f l u t t e r  mode w a s  accompanied by a decrease 

Langley Aeronautical Laboratory, 
National Advisory Committee fo r  Aeronautics, 

Langley Field, Va., March 28, 1937. 
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(a) Langley 2- by 2-foot transonic f l u t t e r  tunnel. 

L-57-1553 
(b) Langley 9- by 18-inch supersonic f l u t t e r  tunnel. 

Figure 2.- Photographs of models mounted i n  wind tunnels. 
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(a) Detail of attachment f i t t i n g .  

-e**-"@ 

(b) Detail  of method of hinging rudder. 

F i g u r e  3.-  Photographs of root area of upper surface model. 

L-57-1374 
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Root 

(a) Lower surface.  

F igure  6.- Locations of de f l ec t ion  points .  A l l  dimensions i n  icehes. 
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(b) Upper surface. 

Figure 6.- Concluded. 
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(a) Lower surface.  

_---- Second mode 

--- Fourth mode 
Third mode -- 

(b)  Upper surface.  

Figure 7.- Approximate p o s i t i o n s  of node l ines .  



24 e. e.. e . e *  e * e +  w: 0..  e. 

e. e e e .  e .  e .  e 
. e  e . .  e . .  e 
e .  . e  . e .  e e.. e . e . .  

e. e * *  e e . .e  .e e . ... e. e.. e. 

I- 
l k  

1 
I 

A- 

* 
NACA RM L5V17 

rl 
-ti 
Ld 
-P 

h 

Ld 
v 



NACA RM ~57~17 x 

I 

3 

m m  m m o  m m m  m m  
m m  m m  m m  
m m m  m m m  m m  

:*m :em 
m m  

m m m  m m m  m m m  m o  m e  
m m  m m m  m m  m m m  m m  m m  m m m  m m  

25 

L 
T 
4- 

. 
r i  
d 
(d 
-P 

n 
P 
W 



26 NACA RM L5W17 

0 
4J 

i? 

R 

C 
a, 

k 

n 
cd 
v 



. . 
NACA RM ~ 5 7 ~ 1 7  27 

NACA - Langley Field. Vd. 

a? cu 

0 
N 

0 

. 
2 
ld 
-P 

. 

n 
P 
W 


