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S T A B I L I T Y  OF O P E R A T I O N  OF A S T E A M - G E N E R A T I N G  C H A N N E L  

F R O M  L O W - F R E Q U E N C Y  P R E S S U R E  F L U C T U A T I O N S  

S.  M.  V t a s o v ,  E .  F .  R a t n i k o v ,  
R .  V .  R a d c h e n k o ,  A .  G .  S h a g a l o v ,  
a n d  A.  G.  S h t o i k :  

UDC 536.7 

The onset  and development  of v ibra t iona l  ins tab i l i ty  in a s t e a m - g e n e r a t i n g  channel is  inves t igated 
by an analys is  of the f luctuations of p r e s s u r e  and t e m p e r a t u r e  of the t r a n s f e r  fluid. 

Exper ience  in the operat ion of hea t -power  ins ta l la t ions  of the channel type shows that the flow of t r a n s f e r  
fluid can become  unstable ,  with concomitant  f luctuations of the flow r a t e ,  p r e s s u r e ,  and channel walt t e m p e r a -  
ture  [1, 2]. Depending on the hydrodynamic  c h a r a c t e r i s t i c  of the channel,  the heat  load, and the p a r a m e t e r s  
of the t r a n s f e r  fluid the instabi l i ty  can be aper iod ic ,  man i fes ted  in a va r iab le  hydrodynamic  cha rac t e r i s t i c  of 
the channel,  or  osc i l l a to ry .  

Aperiodic  instabi l i ty  a r i s e s  in a channel with low hydraul ic  r e s i s t ance  and it  can usual ly  be e l imina ted  
by inc reas ing  the channel r e s i s t ance  by the instal la t ion of ba f f l e  p la tes .  Osc i l l a to ry  instabi l i ty  is c h a r a c t e r -  
ized by quas iper iodic  changes in the t he rmophys i ca l  p a r a m e t e r s  of the flow, occu r s  m o r e  often than aper iodic  
ins tabi l i ty ,  and is  not a lways e l imina ted  by s imple  throt t l ing [3]. Flow instabi l i ty  adverse ly  affects  heat  t r a n s -  
f e r  and p r o m o t e s  the onset  of the h e a t - t r a n s f e r  c r i s i s .  

An impor tan t  f a c t o r  f o r  improv ing  the re l iabi l i ty  and safety  of opera t ion of channel- type hea t -power  
ins ta l la t ions  is e a r l y  predic t ion of hydrodynamic  instabi l i ty  of the s t e a m - g e n e r a t i n g  channels .  F o r  ins tance ,  
it was shown in [4] that the s p e c t r u m  of s t eam-con ten t  f luctuations comple te ly  de t e rmines  the s tabi l i ty  r e s e r v e  
of the channel and can se rve  as an indicator  of the onset  of hydrodynamic  ins tabi l i t ies .  Our invest igat ions of 
osc i l l a to ry  ins tabi l i ty  were  made on a l abo ra to ry  appara tus  consis t ing o f a  c l o sed  c i rcula t ion loop with a con- 
s t an t - l eve l  tank containing ou tgassed  dis t i l led wa te r  (Fig. l a ) .  Pump 1 dr ives  wa t e r  f rom the t he rmos t a t  2 
through a f l owmete r  3, the working channel 4, and a g lass  inspection tube 5. Power  f r o m  an ac l ine,  mon i -  
:tored by the m e a s u r i n g  unit 8, is  de l ivered  to the working channel 4 through an a u t o t r a n s f o r m e r  6 and power  
t r a n s f o r m e r  7. D u r i n g t h e  m e a s u r e m e n t s  the t e m p e r a t u r e  of the fluid at  the ent rance  and exit  of the working 
channel ,  a n d  a lso  the p r e s s u r e  at i ts  ex i t ,  were  r eco rded .  

The t e m p e r a t u r e - m e a s u r i n g  c i rcu i t  includes a C h r o m e l -  Copel thermocouple  9 with t ime  constant  0.2 
s e c ,  p laced  in the flow of fluid, a d c  ampl i f i e r  10, and a c o m p e n s a t o r  11 fo r  the constant  component  of the 
s ignal ,  which i n c r e a s e s  the sensi t iv i ty  of the sy s t em.  

The p r e s s u r e  is m e a s u r e d  with a spec ia l ly  designed meehanot ron  t r ansduce r  ! 2  (Fig. lb) ,  based  on a 
6MKh2B mechano t ron ,  with a power  unit 13. The wide dynamic range (from 10 N / m  2 to 104 N/m2) and the 
0- to 100-Hz t r a n s m i s s i o n  band allow this t r a n s d u c e r  to be used for  m e a s u r e m e n t  o f  s ta t ic  p r e s s u r e  or  p r e s -  
sure  f luctuat ions.  

The signal  of the m e a s u r i n g  c i rcu i t s  was r eco rded  by a mult ichannel  r e c o r d e r  14. 
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Fig.  1. Apparatus for  investigation of stability of 
s team generation. 

The investigations were made on two circulat ion sys tems :  1) with the pump at the entrance to the work- 
ing channel and 2) with the pump at the exit of the working channel. The fluctuations were recorded  at constant 
flow rate and different power inputs, corresponding to different boiling reg imes .  The temporal  real izat ion of 
the p re s su re  fluctuations,  represen ted  in discrete  fo rm,  was decomposed into a spect rum by means of a fast 
Fou r i e r  t r ans fo rm.  We then eatcutated the s tat is t ical  charac te r i s t i c s  [5]: 

1) the fluctuation amptitude - rms  deviation 

hp = ~//~i| (t) dt; 
0 

2) the integral  power of the fluctuations - the eaergy  charac te r i s t i c  of the fluctuations 

W = .~S_ (o) din; 
0 

3) the Rice frequency 

fR= r S(o)~o2do/;S(o~),&o. 
0 0 

The obtained resul ts  are shown in Figs.  2-4 for  both circulat ion schemes,  

' '  hi! " - -  
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, , 2 [ - -~ '  . . . . . . .  ~'~ ~ i I /!i 
t - - ?  ! . . . . . .  

q!~0, :i i- I J a 

b :! 

Fig. 2 Fig. 3 

Fig.  2. Amptitude of p re s su re  fluctuations at charmer 
exit as function of specific heat input for  two circulation 
schemes :  aa) scheme 1; bb)scheme 2. Ap �9 10 -2, N/m2; 
Q �9 10 -5, k J / m  3. 

Fig. 3. Integral  power of p re s su re  fluctuations W, 
N/m 2. see, as funct ionof specific heat input Q, k J / m  3. 
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Fig.  4. Rice f requency  fR, sec-~,  as function of 
specif ic  heat  input Q. 

With i nc rea se  in the power  input the f luctuat ion amplitude (Fig. 2) (for c i rcula t ion scheme 1) i nc reased  
s teadi ly  f rom Ap = 2.102 N / m  2 at specif ic  bulk heat  input Q = 1.6 �9 105 k J / m  3 (ratio of total  power  input to 
channel to volume flow ra te  of fluid) to Ap = 6.5 �9 103 N/m 2 at  Q = 2.4" 105 k J / m  3. F o r  scheme 2 the situation 
was di f ferent .  It was  c h a r a c t e r i z e d  p r i m a r i l y  by the onset  of the f luctuations at lower  heat  loads ,  i . e . ,  scheme 
2 was less  s table .  A large  peak appeared  at Q = 1.8.105 k J / m  3, where  the fluctuation ampli tude was about 
9.103 N / m  2. This peak  was assoc ia ted  with the appearance  in the channel of low-frequency (period 9 sec) 
p r e s s u r e  f luctuations and synphasic  t e m p e r a t u r e  f luctuations of up to 3-4~ at the channel outlet.  The f luctua-  
tion ampli tude then d e c r e a s e d  sharp ly  and leveled out: Ap = 6 �9 103 N / m  2 at Q = 2.1 �9 105 k J / m  3. 

The desc r ibed  si tuation o c c u r r e d  only when the subcooling of the fluid en te r ing  the channel was suffi-  
cient ly g rea t .  At subcooling of l e s s  than 10~ the osc i l l a to ry  instabi l i ty  was conver ted  to an aper iodic  ins t a -  
bi l i ty  with a developing boil ing c r i s i s  and f requent ly  burnout  of the channel.  

The in tegra l  power  of the f luctuations (Fig. 3) in c i rcula t ion scheme 2 was cha r ac t e r i z ed  by a la rge  peak 
at Q = 1.8.105. k J / m  3. 

Like the peak  of the p r e s s u r e  fluctuation (see Fig.  2) this  feature  was assoc ia ted  with the onset  of p e r i -  
odic low-frequency instabi l i ty.  In scheme 1 the in tegra l  power  of the f luctuations inc reased  steadi ly.  

The Rice f requency (Fig. 4) c h a r a c t e r i z e s  the ra te  of change of the function and, hence ,  the f r e q u e n c y -  
energy  s t ruc tu re  of the cons idered  p r o c e s s .  All the expe r imen t s  were  c h a r a c t e r i z e d  by the same  kind of r e l a -  
t ion: s teady growth with inc rease  in specif ic  heat  input, passage  through a m a x i m u m ,  a sharp  decline due to 
low-f requency  osc i l l a to ry  ins tabi l i ty ,  followed again by a s teady inc rease .  This behav io r  of the Rice f requency 
was not g rea t ly  affected by the dis tr ibut ion of the heat  load along the channel.  The shape of the curve  was not 
a l t e red  ( a ' a ' ,  b ' b ' )  by the  inclusion of an additional local hea t e r  providing a hea t  flux of up to 300 kW/m 2. 
Hence ,  the pas sage  of the Rice f requency through a m a x i m u m  can s e rve  as  a re l iab le  index of the onset  of flow 
ins tabi l i ty  in the channel.  

NOTATION 

x(t), value of function at time t; Ap, amplitudes of pressure fluctuations; 09, frequency; S(w), energy 
spectrum of fluctuations; fR, Rice frequency. 
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