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ABSTRACT 1 
I n s t a b i l i t i e s  have apparently been observed i n  high-temperature, s ing le -ax is  I 

acoust ic  processing chambers. I t  is hypothesized t h a t  a t  c e r t a i n  temperatures 
s t rong wall  resonances a r e  generated within t h e  processing chamber i t s e l f  and tihat 
these  t ransverse  resonances are s u f f i c i e n t  t o  d i s rup t  t h e  l e v i t a t i o n  "well ." This  
invest igat ion ind ica tes  tha t ,  i f  t he se  wall resonances do e x i s t  i n  t h e  processing 
chamber, they a r e  apparent ly not s t rong enough t o  cause i n s t a b i l i t i e s  i n  t h e  
lev i ta t ion  well .  
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INTRODUCTION 

A sampie o f  g a l l i a / c a l ~ i a / s i l i c a  g lass was l o s t  from the  l e v i t a -  
t i o n  "we l l "  o f  the s ing le -ax is  acous t i c  system i n  the  SPAR V I  sounding 
rocke t  f l i g h t  [I]. Observation o f  t he  f l i g h t  f i l m  i nd i ca ted  t h a t  an 
i n s t a b i l i t y m a y  have developed i n  t he  l e v i t a t i o n  we l l .  I t  has been 
hypothesized t h a t  t h e  acoust ic  f i e l d  may have induced a r a d i a l  resonant 
cond i t i on  s u f f i c i e n t  t o  d i s r u p t  t h e  l e v i t a t i o n  w e l l  when t he  processing 
chamber reached c e r t a i n  temperatures. A p a r t i a l  s imu la t i on  o f  t h i s  
phenomenon was performed by va ry ing  t he  dimensions of a processing 
chamber a t  room temperature i n  o rder  t o  s imulate  t h e  temperature v a r i -  
a t i o n  e f f e c t  on t he  wavelength o f  sound i n  t h e  processing medium. A t  
c e r t a i n  w a l l  separat ions a resonance c o n d i t i o n  was es tab l i shed  and t he  
e f f ec t  on the  l e v i t a t i o n  w e l l  noted. 

APPARATUS 

The experimental apparatus i s  shown schemat ica l ly  i n  F igure 1. 
A S t .  C l a i r  sound generator w i t h  a stepped d r i v e r  o f  3.5 cm head diameter 
i s  used as the  acoust ic  source. A l e v i t a t i o n  node i s  formed by i n t e r -  
f e r i n g  t he  sound f i e l d  w i t h  a 2.0 cm2 r e f l e c t o r .  Measurements 
taken w i t h  B&K sound pressure equipment inc luded a x i a l  sound pressure 
d i s t r i b u t i o n s  between d r i v e r  and r e f l e c t o r  f o r  resonance and a n t i -  
resonance cond i t i ons  as shown i n  F igure 2 (a,b). The sound pressure 
was measured r a d i a l l y  from t h e  common l e v i t a t i o n  node t o  the  w a l l  o f  
t he  processing chamber. The wa l l s  were pos i t i oned  a t  t h ree  d i f f e r e n t  
sepa-ations corresponding t o  poss ib l e  resonance cond i t i ons  of 3, 4, and 
5 times the  wavelength of the  a x i a l  sound pressure d i s t r i b u t i o n  ( A  = 
2.256 cm), as shown i n  Figures 3 (a,b,c) and 4 (a,b,c). The dimensions 
i nc l ude  the  ac tua l  dimensions o f  t h e  SPAR V I  processing chamber 
(10.8 cm x 10.8 cm x 11.4 cm) [2]. Also, any f l u c t u a t i o n s  o f  t he  sound 
?ressure l e v e l  i n  t h e  l e v i t a t i o n  node r e s u l t i n g  i n  i n s t a b i l i t i e s  i n  a 
sample being l e v i t a t e d  were noted as t h e  wa l l  separat ion of the  process- 
i n g  chamber was cons tan t l y  var ied.  

AXIAL SOUND FIELD 

In the  resonance cond i t i on  t he  l e v i t a t i o n  node i s  one qua r t e r  o f  
a wavelength below the  r e f l e c t o r .  Th is  i s  v e r i f i e d  by t h e  data i n  
F igure 2a. I f  t h e  r e f l e c t o r  i s  moved by one quar te r  o f  a waveiength t o  
the  antiresonance cond i t i on ,  t h e  worst  case o f  a t y p i c a l  o f f - r esownce  
cond i t i on ,  the l e v i t a t i o n  node i s  a l s o  loca ted  one quar te r  o f  a wavelength 



hclow t h e  r e f l e c t o r .  Th is  i s  conf in l ied by t h e  data i n  t i g u r e  2b. These 
f i y u r e s  i n d i c a t e  t h a t  f o r  t y p i c a l  resonance and t y p i c a l  nonresonance 
cond i t i ons  a s t rong  i n t e r f e rence  w e l l  i s  formed one quar te r  o f  a  wave- 
l eng th  below t he  r e f l e c t o r .  I t  should be noted t h a t  t h i s  i s  t he  l e v i t a -  
t i o n  we l l  used i n  t h e  SPAR V I  s ing le -ax is  acoust ic  furnace. 

RADIAL SOUND FIELD AND WALL RESONANCES 

It was observed t h a t  as t h e  w a l l  separat ion was va r i ed  from a 
separat ion o f  3, 4, and 5 t imes t he  wavelength o f  the  a x i a l  sound f i e l d ,  
the  r a d i a l  sound f i e l d  remained v i r t u a l l y  undis turbed [see F i g .  3 (a,b,c) 
for  t y p i c a l  r esu l t s ] .  I t  was a l s o  observed t h a t  as t he  w a l l  separat ion 
wac va r i ed  cons tan t l y ,  no f l u c t u a t i o n  i n  sound pressure occurred i n  the  
in te r fe rence  node, and no unusual i n s t a b i l i t i e s  occurred i n  a  sample 
being l e v i t a t e d  i n  t h e  node. It may be deduced t h a t  t h i s  t ype  o f  
s ing le -ax is  sound source does no t  generate s t rong  w a l l  resonances. 
Another f a c t o r  c o n t r i b u t i n g  t o  t h e  absence o f  s t rong  w a l l  resonances i s  
t h a t  t he re  i s  minimal sound r e f l e c t i o n  a t  t h e  w a l l s  because t he  h igh-  
temperature z i r c o n i a  has a h i gh  absorpt ion c o e f f i c i e n t  (a  = 0.7) [3].' 

CONCLUSIONS 

This  experiment was a p a r t i a l  s imu la t ion  o f  the  phenomena occurr -  
i n g  i n  high-temperature, acous t i c  suspension furnaces. I t  was hypothe- 
s i zed  t h a t  a t  c e r t a i n  temperatures s t rong  resonances could  be generated 
between t h e  wa l l s .  The data show t h a t  vary ing t h e  t ransverse w a l l  
separat ion by 3, 4, and 5 t imes t he  wavelength o f  t he  a x i a l  sound 
f i e l d  appeared t o  have no e f f e c t  on t h e  l e v i t a t i o n  node i ned ia te ly  
under t he  r e f l e c t o r .  Based on these experiments and r e s u l t s  from o ther  
high-temperature inves t iga t ions ,  these resonances, i f  indeed they do 
e x i s t ,  do no t  appear s u f f i c i e n t l y  in tense  t o  d i s r u p t  t he  l e v i t a t i o n  
w e l l s  o f  high-temperature, s ing le -ax is  acoust ic  processing chambers. 

1. Approximation der i ved  from Table XI11 o f  Reference 3; f o r  example, 
g lass (a = 0.2). 
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Figure 1 .  S i m u l a t e d  acoustic processing chamber 
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B. RELATIVE SOUND EVEL VERSUS RADIAL DISTANCE FOR A WALL 
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C. RELATIVE SOUNO EVEL VERSUS RADIAL DISTANCE FOR A WALL 
SEPARATION OF 3 k IN THE ANTIRESONANCE CASE 

Figure 3. Relative sound level versus radial 
distance in antiresonance case. 
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