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The acoust ic  signal has  been analyzed which is hea rd  when a liquid boils on a heat  conducting 
m a s s i v e  body. The p a r a m e t e r s  of that signal have been es tabl ished on the bas i s  of which the 
f i r s t  c r i t ica l  boiling mode can  be pred ic ted .  

F r o m  the theory  of an acoust ic  rad ia tor  [1] there  follows a re la t ion  between the p a r a m e t e r s  of the 
acous t ic  signal hea rd  when a liquid boils and the t he rma l  p a r a m e t e r s  which govern the boiling ra te .  

As is well  known [2, 3], the sound intensi ty i nc rea se s  f rom bubble boiling to f i lm boiling and b e -  
comes  " sa tu ra ted . "  A s i m i l a r  t rend was noted in [5]. 

The exis tence  of a unique re la t ion  between acoust ic  and the rma l  c h a r a c t e r i s t i c s  of the boiling p r o -  
ce s s  has  been es tabl i shed in [4]. 

The study of boiling modes  and c h a r a c t e r i s t i c s  on hea t  conducting m a s s i v e  bodies in [6], w h e r e  the 
acoust ic  signal was used as one means  of obtaining informat ion about phenomena a t  the heat  t r a n s f e r  s u r -  
face and inside the ambien t  volume,  has  r evea led  the pulse  c h a r a c t e r  of this signal s t emming  f rom the e f -  
fect  of the phase  s e l f - s e p a r a t i o n  phenomenon during bubble format ion  on m a s s i v e  bodies with a re la t ive ly  
low the rma l  r e s i s t a n c e  between nucleat ion cen t e r s .  

This  study, the f i r s t  r e su l t s  of which had been r epo r t ed  a t  the Fourth  All-Union Conference on Heat  
T r a n s f e r  [7], was  concerned with es tabl ishing a co r re la t ion  between the p a r a m e t e r s  of the acoust ic  pulse  
signal and the p a r a m e t e r s  of hea t  t r a n s f e r  dur ing the boiling of liquids on heat  conducting m a s s i v e  bodies 
with natural  convection under  a tmospher i c  p r e s s u r e .  As a m a s s i v e  body the authors  used a copper  block 
weighing 3 kg with a cyl indr ical  t rans i t ion  segment  joining it to a 500 m m  2 l a rge  heat  t r a n s f e r  su r face  in 
contact  with the liquid enclosed in a glass  cyl inder  between a top and a bottom lid. The copper  block was 
shaped and instal led on the bot tom of the v e s s e l  so as to ensure  i so the rmal i ty  of the heat  t r an s f e r  su r face  
with r a t h e r  l i t t le  hea t  l o s s .  The t e m p e r a t u r e  of the liquid T L was mainta ined constant  within 0.5~ by an 
automat ic  regula t ion sys t em.  The t he rm a l  va r i ab l e s  of the boiling p r o c e s s  ( thermal  flux densi ty  q and 
t e m p e r a t u r e  drop AT) were  r eco rded  with a two-coordina te  plotting ins t rument .  

In format ion  about the acoust ic  signal hea rd  during boiling was obtained through piezo t r ansduce r s  in-  
s ta l led inside the liquid volume.  Af ter  ampli f icat ion,  the signal was r eco rded  on magnet ic  tape.  The a m -  
p l i f ie r  and the t r ansduce r  c h a r a c t e r i s t i c s  were  known. A t ime  base  was provided in the ins t rumenta t ion  
as  a common  r e f e r e n c e  for both the thermal  and the acoust ic  cha r ac t e r i s t i c s .  Fo r  analyzing the p a r a m -  
e t e r s  of the acoust ic  s ignal ,  the l a t t e r  was t r ansc r ibed  f rom the magnet ic  tape onto photographic paper  (Fig.  
1). This  was  done a t  fixed values  of va r i ab l e s  q and AT at  s eve ra l  points along the boiling cu rve  q = f(AT) 
The record ing  t ime was  10-30 sec p e r  point. The magnetophonic r e co rds  of the acoust ic  signal a t  two d i f -  
fe ren t  points along the boiling curve  were  sepa ra ted  by a shor t  pause  m a r k e r  in the fo rm of a s inusoidal  
signal of definite f requency and ampli tude.  During the t r a n s c r i p t  onto photographic p a p e r w i t h a  loop osc i l l o -  
graph,  a signal of a definite f requency was r eco rded  on one t r ack  to s e r v e  as the t ime base .  Both the pause  
m a r k e r  s ignals  and the t i m e - b a s e  signal  w e r e  genera ted by an audio osc i l l a tor .  At the s a m e  t ime,  the s ig -  
nal r eco rded  on magnet ic  tape was a lso  picked up on another  osc i l lograph.  
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Fig. i .  Schematic block diagram for the acoustic signal. 
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Fig. 2. Acoustic parameters of the Ix)fling 
process,  as functions of the temperature 
drop AT (~ amplitude mu/mu,  cr (1), 
width my (~sec) (2), repetition rate F (Ha) 
(3), boiling curve (4). 

The acoustic signal thus recorded was a sequence 
of bipolar radio pulses at a packing frequency of the 
order of several hundred hertz (which happened to be 
the natural frequency of the system) and at a variable 
amplitude, width, repetitionrate, and risetime. Inas- 
much as the parameters of each individual pulse were 
random quantities, the signal recording was a stat ist i-  
cal process. 

The statistical mean pulse amplitudes and widths 
were determined according to the formulas in [8]: 

k k 

mu : Z UiPui ' m'c = Z T"P~:i' 
i = l  i=1 

with u i and ~'i denoting the mean amplitudes and the 
mean widths in a burst, pu i and Pvi denoting the i-th 
burst frequencies with regard to amplitudes and widths 
respectively, and k denoting the number of bursts. 
These statistical mean values were then used for char-  
acterizing the acoustic signal heard during boiling in 

known q, AT, T L modes. The mean pulse repetition rates corresponding to each boiling mode was deter-  
mined according to the formula 

~ =  n 

~ r e c  

with n denoting the number of recorded pulses and tre c denoting the duration of a signal record measured 
along the time base. 

The statistical mean relative pulse amplitudes mu/mu,  cr,  pulse widths roT-, and pulse repetition 
rates F as functions of the temperature drop AT during pool boiling of distilled water at 103~ have been 
plotted in Fig. 2, the points representing average values based on nine tests. On the same diagram is 
also shown the boiling curve q /qcr  = f(AT) obtained by the procedure in [6]. 

According to the graph, the pulse width, the pulse amplitude, and the pulse repetition rate curves 
characterizing the acoustic signal correlate closely with the boiling curve. The relative changes in ampli- 
tude and repetition rate are much greater than the change in pulse width during transition through the first  
critical boiling mode. 

This found correlation can be usefltl for predicting a critical boiling mode. In order to utilize it thus, 
it is necessary to determine the precritical (q close to qcr) pulse repetition rate of the acoustic signal 
Fp, cr- For this_ purpose, an additional series of tests was performed to determine Fp, cr under the said 
conditions: for Fp,cr  = 12, 7.2, 9.7, 7.3, and 12 Ha. 

The mean precritical pulse repetition rate was, on the basis of this and earl ier  tests, equal to 10.1 
Ha. 
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Further studies were made concerning the parameters of the acoustic signal which correspond to 
water temperatures below the saturation point and to other boiling liquids. The results will be reported 
in a separate article. 
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