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EXPERIMENTAL FIJJ"ER INVESTIGATION OF 

SOME SIMPLE MODELS OF A BOOST-GLIDE-VEHICLE WING 

AT MACH NUMBERS OF 3.0 AND 7.3" 

By Robert V. Doggett, Jr. 

SUMMARY 

Results of tests a t  Mach numbers of 3.0 and 7.3 f o r  possible wing 
f l u t t e r  of a s e r i e s  of models of a boost-glide-vehicle wing are  presented 
herein. A l l  of the models were tes ted  a t  conditions which exceeded the 

dynamic pressure of 1,000 pounds per square foot  a t  the  tes t  Mach numbers. 
None of t he  models experienced f l u t t e r ;  therefore,  large margins of sa fe ty  

on the f l u t t e r  charac te r i s t ics  and loca l  types of f l u t t e r  were not 
investigated.  

0 proposed nominal design requirements f o r  t he  fu l l - sca le  vehicle; namely, 

from wing f l u t t e r  are indicated. However, the e f f e c t s  of body freedoms 

INTRODUCTION 

Since configurations which a re  sui table  f o r  long-range hypersonic 
f l i g h t  a r e  qui te  unlike those used f o r  f l i g h t  at lower Mach numbers, there 
has been an increase i n  in t e re s t  i n  the aeroe las t ic  cha rac t e r i s t i c s  of 
these high-speed plan forms. There is  p rac t i ca l ly  no wind-tunnel tes t  
data  avai lable  on t h i s  subject; hence, t h i s  short  experimental study was 
undertaken. 

A s  a pa r t  of the aeroe las t ic  test program of a boost-glide-vehicle 
f e a s i b i l i t y  study proposal, exploratory tests were made i n  the  Langley 
9- by 18-inch supersonic aeroe las t ic i ty  tunnel and i n  the  8-inch Langley 
hypersonic ae roe la s t i c i ty  tunnel on a se r ies  of semispan cant i lever-  
mounted w i n g  models. 

densi ty  r a t i o s  as the prototype. 

The models were - 1 the  s i ze  of the fu l l - s ca l e  vehi- 
35 

c l e  and were designed t o  have the  same frequency r a t i o s  and r e l a t i v e  
* 

* 
Ti t l e ,  Unclassified. 
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These tes ts  were very elementary i n  nature, i n  t h a t  several  impor- 
t a n t  fac tors  such as body freedoms, camber deflections,  control  surfaces, 
and so fo r th  were not simulated. Also, no consideration was given t o  
skin or  panel f l u t t e r .  The purpose i n  t e s t i n g  these simplified models 
was t o  obtain an idea of the general  s t i f f n e s s  l eve l s  required t o  prevent 
f l u t t e r  of configurations of t h i s  type a t  high Mach numbers. 

m 

SYMBOLS 

a 

b 

M 

m 

9 

V 

P 

CI 

a n  

a 

speed of sound, f t / s ec  

reference semichord (taken at approximately 3/4 semispan), f t  

Mach number, V / a  

t o t a l  mass, slugs 

dynamic pressure, 1 pV2, lb /sq f t  
2 

veloci ty ,  f t / s ec  

density, slugs/cu f t  

mass-ratio parameter (See sect ion e n t i t l e d  "Results and 
Discussion. ' I )  

natura l  frequency of nth vibrat ion mode where n = 1, 2, 3, 
radians / s e c 

a l t i t u d e  -st iff  ne s s parameter 

MODEL DESCRIPTION 

1 

designed t o  have the  same frequency r a t i o s  and r e l a t i v e  density r a t i o s  
as the  prototype. Four models having progressively lower s t i f fnesses  
were constructed. The models a re  designated 1, 1-A, 3-A, and 9, 
respectively.  

The models were - t he  s i ze  of t he  fu l l - s ca l e  vehicle and were 
35 

The models were constructed by covering an aluminum-alloy f l a t  p l a t e  
of the desired plan form with a p l a s t i c  foam t o  give the  desired a i r f o i l  c 
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section. The f la t  p l a t e s  for models 1, 1-A, and 3-A were d r i l l e d  i n  
order t o  reduce the  overa l l  stiffness of  t he  model and also t o  provide 
a rough simulation of the s t ruc tu ra l  members of the full-scale vehicle.  
An X-ray photograph of a typ ica l  dr i l l ed  model is  shown i n  figure 1. 
of the  models were equipped with a ve r t i ca l  t i p  f i n  which simulated the  
mass and geometry of t h e  fu l l - sca le  f i n  but not the s t i f fnes s .  The f i n  
w a s  not equipped with a rudder. 
elevon. The mass and geometry of t h e  fu l l - sca le  elevon were simulated, 
but t he  s t i f f n e s s  w a s  not. 
made of balsa wood. 
t he  elevon f o r  model 9. 
of a t y p i c a l  model, and a l i n e  drawing giving some d e t a i l s  of t h e  model 
geometry i s  shown i n  figure 3. The t o t a l  mass and t h e  experimentally 
determined natural  frequencies for  all of the models are presented i n  
table I. 

All 

A l l  of the  models were equipped with an 

For models 1, 1-A, and 3-A the  elevon was 
A d r i l l e d  aluminum-alloy p l a t e  was used t o  simulate 

Presented i n  f igure 2 are several  photographs 

The first  na tura l  s t i l l - a i r  vibration mode of the  models resembled 
the conventional bending mode of a cantilever beam; however, the  second 
and t h i r d  modes were somewhat unusual. The second mode had a nodal l i n e  
which, essent ia l ly ,  coincided with the  elevon hinge l i ne ;  however, there  

ro ta ted  i n  p i tch  about t h i s  nodal l i n e  a s  an axis. The t h i r d  mode w a s  
characterized by a ro t a ry  motion of the f i n  i n  the r o l l  direct ion,  with 
the  axis o r  nodal l i n e  coinciding with the base of the  f i n .  
were appreciable motions of the  w i n g  inboard of t h e  f i n .  
fo r  the second and t h i r d  natural modes of a typical model are presented 
i n  figure 4. 

7 were appreciable def lect ions of the wing ahead of the  node. The f i n  

4 

Again the re  
The node l i n e s  

The tests were conducted i n  the  Iangley 9- by 18-inch supersonic 
ae roe la s t i c i ty  tunnel at  a Mach number of  3.0 and i n  the  8-inch-diameter, 
M = 7.3, nozzle of t he  Langley hypersonic ae roe la s t i c i ty  tunnel. Both 
tunnels  are of the fixed-nozzle blowdown type exhausting i n t o  a vacuum 
reservoir .  
of t he  cha rac t e r i s t i c s  of helium as a f lu t t e r - t e s t ing  medium are discussed 
i n  reference 1. 
control led maximum. The approximate duration of each test uas 8 seconds. 
The models were cant i lever  mounted on a r e f l ec t ion  plane i n  the tes t  sec- 
t i on .  &e re f l ec t ion  plane was mounted outs ide t h e  tunnel boundary layer  
by means of a f a i r ed  spacer block. Presented in  figure 5 are photographs 
of a t y p i c a l  model mounted on the ref lect ion planes used f o r  the  t w o  tun- 

a t  
the test  at M = 3.0 

The test media used a re  air and helium, respectively.  Some 

I n  both tunnels the tes t -sect ion densl ty  var ied t o  a 

- nels.  A wooden f a i r i n g  was used t o  simulate the  fuselage. For the t e s t s  
M = 7.3, all of the models were tes ted  a t  0' angle of a t tack.  For 

f o r  model 9, vhich was the only model t e s t ed  a t  
a t h i s  Mach ntmiber, the angle of a t t ack  was l.5O. 
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RESULTS AND DISCUSSION 

A summary o f  the t e s t  r e s u l t s  i s  given i n  t ab le  11. Shown i n  t h i s  
t ab le  are Mach number, speed of sound, tes t -sect ion density, dynamic 
pressure, mass-ratio parameter, and a l t i tude-s t i f fness  parameter. Also 
included are  brief explanatory remarks f o r  each t e s t .  
obtained on  t h e  configurations tes ted .  Presented i n  f igure 6 i s  a com- 
parison, i n  t h e  form of a p lo t  of t h e  a l t i tude-s t i f fness  parameter 

%p against  Mach number, of the  experimental no-flutter points  with 

the  proposed nominal design requirements f o r  the  fu l l - sca le  vehicle; 
namely, dynamic pressure of 1,000 pounds per square foot  a t  the  tes t  Mach 
numbers. 
er t ies  of  the wing, and the  value of t h i s  parameter increases as e i t h e r  
a l t i tude  or s t i f fness  increases. The mass-ratio parameter p i s  defined 
as the  mass of the  wing divided by the  m a s s  of some representative volume 
of f lu id  surrounding the  wing. I n  t h i s  case, t he  volume used was t h a t  of 
a conical frustum having base diameters approximately equal t o  the  model 
root  and t i p  chords, respectively,  and having a height equal t o  the  model 
span. A s  i s  
seen from f igure 6, the  model tests indicate  t h a t  a large margin of safety 
appears t o  e x i s t  with respect t o  wing f l u t t e r  f o r  t h e  nominal fu l l - sca le  
vehicle. 

No f l u t t e r  was 

a 

The a l t i tude-s t i f fness  parameter depends upon t h e  physical prop- 

For t h e  models tes ted,  t h i s  volume was 0.03487 cubic foot .  

CONCLUDING REMARKS 

Results of f l u t t e r  tes ts  made at  Mach numbers of 3.0 and 7 . 3  on a 
se r i e s  of models of a boost-glide-vehicle wing are reported herein. 
of the  models were t e s t ed  at  conditions which exceeded the  proposed 
nominal design requirement f o r  the  fu l l - sca le  vehicle; namely, dynamic 
pressure of 1,000 pounds per square foot  a t  t he  tes t  Mach numbers. 
of the  models experienced f l u t t e r ;  therefore ,  a la rge  margin of safety 
from cantilever wing f l u t t e r  i s  indicated. It i s  t o  be noted t h a t  body 
freedoms were not simulated nor were cer ta in  fac tors  important fo r  l oca l  
types o f  f l u t t e r ,  such as camber def lect ions,  control surfaces, and skin 
thicknesses. 

All 

None 

f 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va. ,  April  29, 1959. 



5 

1. Morgan, Homer  G., and Miller, Robert W.: Flutter Tests of Some Simple 
Models at a Mach Number of 7.2 in Helium Flow. NASA MEMO 4-8-59L, 
1959. 

L 
6 
3 
6 



6 

a 
V 
H 

I 

H 

rn 

t 
i4 a, 
P; 

E! 

- 

3* 

3"l 

k k  
0 0  
k %  
Cua, 
F9F9 

cucum\(ucu - f - f - f m m  
*n*rlrl 
0 0 0 0 0  
0 0 0 0 0  

0 
. . . . .  

n 

oor- . . .  

r l r l  

F F  
rl rl n m m  

co 
24 
k 
cd 
E 
a, 
P; 

L n r n O M r l  
r l r l r l  

cunou3 
nrl nco 
ulul t-r-a cucucucum 
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  . . . . .  
0 

L 
5 
0 
a 



....... ............... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
:.* :.. *.. :.. :s/cRe;l..* : : : :.. :.* 7 

a 
"J 
.-i 

k 
0 

x 
cd 
k 
I 

X 



8 



....... ............... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  ... ........ :.. smm ... : : : :.. :.* 9 

.p 
0 
0 
k 

M 
$2 
-rl 

0 
V 
I 

Cd 



10 

M 
4 
0 
(u 
I 

(3\ n 
I 

4 

F 
0 
C a 



L 

. 

m 
cu a 

I 

E: 
0 



12 

\ 

'd u 

4 
a, a 
0 
E 

-8 +J 
Ld 
k 
0 

m 
a, a 
0 
E 
l-i 
Ld 

a 
k 
.d 

c, 
a 
G 
cd 

k 
0 
k 

. 



-- - _ _  . * . *  * * *  * * .  * *  * *  0 .  
e * * *  0 * *  0 . -  * * *  * *  * * .  *. ***  .*e :*. :am*.* : : : :** :eo 13 



14 

m m m  ma em e e e  e m m  .e am 
m a  a m  a m  m m m  m m e  e m m  
e e  m m m  m e a  e m  m m m m  
a m  m e  m m m  

e m  m m m  e mSEC!RE'Z': am: m a m  am: *a: 

T u- 
0 a 



0 0  0 a 

\ 
\ 

t 

' a  
.- 
- x i  

I I 
I 

cu Q) Q 




