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The  effect  of roughness  of the h e a t - t r a n s f e r  su r f ace  and the p r e sence  of a co r ro s ion  film on the 
rup tu re  of s t a t ionary  f i lms of boiling liquid was exper imenta l ly  invest igated.  

The  cur ren t  l i t e ra tu re  contains hardly any informat ion  on the effect  of the s t a t e  of the  h e a t - t r a n s f e r  
su r f ace  on the rup tu re  of thin boiling liquid f i lms .  The  known data [1] on the effect  of roughness  of the su r f ace  
and the p resence  of an oxide f i lm on it cannot be extended un rese rved ly  to boiling liquid f i lms .  

The genera l ly  accepted theor ies  of rup tu re  of thin nonisothermic  f i lms [2,3] ignore the s t a t e  of the  hea t -  
t r a n s f e r  s u r f a c e .  

In this paper  we give the r e su l t s  of an expe r imen ta l  invest igat ion of the m e c h a n i s m  of rup tu re  of thin 
s t a t ionary  liquid f i lms with highly developed boiling in r e l a t ion  to  the  roughness  of the s u r f a c e  and the p r e sen ce  
of a co r ro s ion  f i lm on it. 

The  exper iments  were  conducted on the exper imen ta l  appara tus  descr ibed  in [4] with dist i l led water  at 
heat-f lux densi t ies  of 100-800 kW/m 2 and p r e s s u r e s  of 0.1-0.4 MPa on su r faces  made of copper ,  1Khl8NgT 
s ta in less  s tee l ,  and lead. We compared  t h r ee  kinds of s u r f a c e s -  apo l i shed  sur face  ( t r ea tedwi thd iamond  
paste  of g ra in  s i ze  2 ~ until a m i r r o r  finish was obtained), a technica l ly  rough su r f ace  [class 5-6 according  
to  GCST (All-Union State Standard) 2.309-68], and a roughened su r f ace  {treated with c o a r s e  e m e r y  paper ,  
c lass  1-2 according  to GOST 2.309-68). 

Before  the exper iments  the su r f aces  were  thoroughly washed with ethanol.  The  polished su r f ace  was 
a lso  boiled for haft an hour in butanol,  then  dr ied ,  and washed in ethanol.  Exper ience  showed that  less thorough 
t r e a t m e n t  of the su r f ace  a f t e r  polishing failed to  r emove  the  t r a c e s  of fat f rom the diamond pas te ,  which g rea t ly  
d is tor ted  the resu l t s  of the  expe r imen t s .  

As Fig.  1 shows,  su r f ace  roughness  bad no effect on the c r i t i ca l  th ickness  for  rup tu re  of a boiling f i lm 
on a su r f ace  made of s ta in less  s tee l ,  while the liquid f i lm on copper  was m o r e  s tab le  on a polished su r f ace ,  
although the d i f fe rence  was not ve ry  g rea t  (about 20%). Exper iments  showed that  at a p r e s s u r e  of 0.2 MPa 
su r f ace  roughness  of any ma te r i a l  had hardly any effect .  

As we know [4-6], vapor  bubbles a r e  the r e a s o n  for  rup tu re  of boiling f i lm~. In the case  of highly de -  
veloped boiling the d i f ference  in the number  of ac t ive  v a p o r - f o r m i n g  cen te rs  on su r faces  p repared  in different  
ways is s l ight  and, hence,  the number  of potential  s i tes  of rup tu re  of the f i lm is a lmos t  independent of the 
roughness .  On the viscous copper  pol ishing has a m o r e  pronounced effect  on the su r f ace  r e l i e f  and, hence,  
on the number  of v a p o r - f o r m i u g  centers  than on a s ta in less  s t ee l  s u r f a c e .  Thus ,  t h e r e  is less probabi l i ty  of 
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Fig. 1 Fig. 2 
Fig.  1. Cr i t i ca l  th ickness  for rup tu re  of water  f i lm (ram) as 
function of hea t - f lux  densi ty  (kW/m 2) at a p r e s s u r e  of 0.1 MPa:  
I) copper  s u r f ace  [1) technica l ly  rough;  2) roughened;  3) polished]; 
II) s t a in less  s t e e l  s u r f ace  [4) technica l ly  rough;  5) roughened;  6) 
polished ]. 

Fig .  2. Cr i t i ca l  th ickness  for  rup tu re  of water  f i lm (mm) as func-  
t ion of hea t - f lux  densi ty  (kW/m2): 1) c lean lead su r f ace ,  p r e s s u r e  
0.1 MPa;  2) oxidized lead su r f ace ,  0.1 MPa;  3) oxidized lead s u r -  
face ,  0.4 MPa.  

r up tu r e  of a f i lm on a copper  s u r f a c e  with a reduced number  of centers  (polished) than on a rough su r f ace .  
This  is the r e a s o n  for the sl ight  i nc r ea s e  in s tabi l i ty  of the water  f i lm on a polished copper  su r f ace .  An in- 
c r e a s e  in p r e s s u r e  inc reases  the number  of ac t ive  v a p o r - f o r m i n g  centers  and, hence,  the effect of su r f ace  
roughness  is reduced ,  as was conf i rmed by expe r imen t s .  

A lead s u r f a c e  was used to  inves t iga te  the  effect of an  oxide f i lm on the rup tu re  of thin boiling liquid 
f i lms .  The  p r e s e n c e  of an  oxide f i lm reduces  the  c r i t i ca l  th icknesses  for rup tu re  of a water  fi lm by a fac tor  
of a lmos t  2 (at a tmosphe r i c  p r e s s u r e )  (Fig. 2) in compar i son  with a clean unoxidized su r f ace ,  owing to the 
much  be t te r  wettabi l i ty of the  f r iab le  oxide l aye r .  

With i nc r ea s e  in p r e s s u r e  the c r i t i ca l  th ickness  for  rup tu re  on an oxidized su r f ace  inc reases  (Fig. 2) 
in con t ras t  to  c lean s u r f a c e s ,  where  it is reduced [4]. Exper iments  [4] showed that  under ce r t a in  conditions 
the  m a t e r i a l  of the  h e a t - t r a n s f e r  s u r f ace ,  its roughness ,  and the p r e s s u r e  have hardly any effect on the c r i t i ca l  
th ickness  for f i lm rup tu re .  In these  conditions it depends only on the heat- f lux densi ty (in the invest igated 
range  0.1-1.0 MPa)o With i nc rea se  in p r e s s u r e  the c r i t i ca l  th ickness  for  rup ture  on an oxidized lead su r f ace  
a l so  tended to  the l imiting value common  to  a l l  su r faces  and at a p r e s s u r e  of 0A MPa was c lose  to  this value.  
Complete  coincidence could not be  obtained, however ,  owing to  the fact that  at high p r e s s u r e s  rapid oxidation 
of the lead was initiated by the  s t a r t  of chemica l  in terac t ion  with the highly heated water  and s t e am,  i . e . ,  
t h e r e  was no point in continuing the exper iment .  

The  obtained exper imenta l  data can be useful not only for  an understanding of the laws underlying the 
rup tu re  of boiling liquid f i lms ,  but a l so  for the cons t ruc t ion  of new th in- f i lm heat exchangers ,  the se lec t ion  of 
the  bes t  operat ing conditions for  t hem,  and for the be t te r  p e r f o r m a n c e  of heat exchangers  in se rv ice .  
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G R O W T H  O F  A B U B B L E  O F  

I N J E C T E D  I N T O  A L I Q U I D  

B .  N .  Y u d a e v ,  O.  V .  
a n d  A .  A .  Y u s h k i n  

NONC ONDENSING GAS 

T s i r l i n ,  UDC 532.529 

The  solut ion of the prob lem of growth of a g a s -  vapor  bubble injected into a Liquid is obtained. 
The  growth of the bubble depends on mass  t r a n s f e r  i n t h e  gas phase  and heat t r a n s f e r  in the 
liquid phase .  Exper imen ta l  and theo re t i ca l  data  a r e  compared .  

T he solut ion of the prob lem of growth of a g a s -  Vapor bubble is essent ia l  for  invest igat ion of the  cooling 
of a liquid by bubbling gas through it and by other p r o c e s s e s .  At tempts  to  so lve  this p rob lem a r e  descr ibed  
in [1-3]. Neglecting the convect ive t e r m s  in the energy and diffusion equations,  the  authors  of [1] found a s o -  
lution of the  p rob lem of unsteady heat conduction with the aid of the Green  function for the case  of a s t a t ionary  
boundary.  In [2, 3] a solut ion was obtained by ass ignment  of the r ad ia l  d is t r ibut ion  of vapor  concentra t ion in 
the  gas and the t e m p e r a t u r e  i n t h e  liquid in the f o r m  of a quadrat ic  parabola ,  which led to  d is tor t ion  of the 
values  of the heat and ms.qs f luxes.  T h e r e  a r e  a l so  e r r o r s  in [3]. The  listed solut ions a r e  app rox ima te .  

The  main  fac tors  governing bubble growth a r e  diffusion of vapor  into the gas cavity and the r e d i s t r i b u -  
t ion of t e m p e r a t u r e  in the liquid layer  adjacent  to  the bubble.  T h e s e  fac tors  act  s imul taneous ly ,  but, to  begin 
with, it is be t te r  to consider  them s e p a r a t e l y .  It should be  noted that  s ince  the t he rma l  dfffusivity in ga se s  is 
g r e a t e r  than the diffusion coefficient ,  we can a s s u m e  that  heat t r a n s f e r  in the gas has no effect  on diffusion. 

We will so lve  the problem of vapor  diffusion into a sphe r i ca l  cavity of p re sc r ibed  va r i ab le  radius  R (t) 
with a p re sc r ibed  va r i ab le  concentra t ion xs r on its boundary.  Let the gas be  insoluble and noneondensing, 
the  p r e s s u r e  constant eve rywhere  throughout the  p r o c e s s ,  and the  vapor  in the cavi ty  have nonzero veloci ty  at  
the  moment  of en t ry .  We have to  so lve  the equation 

Ox _ D ( Ozx 2 Ox 
0t ~7 ~+-~ 0 r ~ '  0 < r < R ( t ) ;  t > 0  (!) 

with initial  condition 

and boundary condition 

Standard r ep l acemen t  of the variable 

leads to  the equation 

with initial  condition 

x(r ,  O) =Xo(r)  = O; O<~r<~Ro (2) 

x s = x s [ R  (t), t]. (3) 

v(r,  t ) =  rx(r ,  t) (4) 

0_~ = D 2 ~ -  (5) 
at  a r  2 

Trans l a t ed  f r o m  Inzhenerno-F iz iches ld i  Zhurnal ,  Vol. 32, No. 6, pp. 978-989, June, 1977. Original  
a r t i c l e  submit ted May 10, 1976. 

I 
T his materml is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part [ 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by.any means, electrotffc, mechanical, photocopying, I 
microFdming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $Z30. J 

630 


