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N O T A T I O N  

is the s ta t ic  p r e s s u r e ;  
Is  the densi ty;  

is the mean  veloci ty  over  the channel sect ion;  
Is the rad ia l  veloci ty  at  the w a l l ;  
is the length of the channel sect ion;  
m the channel d i ame te r ;  
is the d i am e t e r  of a p e r t u r e s  in the porous  wall;  
is the channel poros i ty ;  
is the coordinate;  
is the re la t ive  coordinate  along the channel; 
is the f r ic t ion  fac tor  for  flow in a channel with solid wal ls ;  
is the Reynolds number .  

is the evapora t ion  sect ion;  
is the adiabat ic  sect ion;  
is the condensation sect ion;  
a re  the values  of the p a r a m e t e r s  at  the en t rance  to the condensation section.  
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An expe r imen ta l  invest igat ion has  been made of heat  t r a n s f e r  with boiling of a thin wa t e r  f i lm on 
a hor izonta l  h e a t - g e n e r a t i n g  sur face ,  made  of Tef lon-4 .  

Con tempora ry  l i t e r a tu re  has  p rac t i ca l ly  no informat ion  on heat  t r a n s f e r  with boiling and b r eak -up  of thin 
liquid f i lms  on poor ly  wet ted hea t e r  s u r f a c e s ,  which might  s e rve  as a guideline for  the p r e sen t  investigation.  

Tes t s  were  made on a c i r cu la r  hor izonta l  sur face  of d i ame te r  28 m m  (the end of a copper  t he rma l  wedge) 
to which (with type P U - 2 0 F T U - G 0 0 2 9 0 0 4  adhes ive )a th in  Teflon f i lm (Teflon -4) was attached.  The total  th ick-  
ness  of the f i lm and the po lymer i zed  subs t ra t e  of adhes ive ,  m e a s u r e d  by means  of a digital  indicator  with r e -  
solution of 0.01 m m ,  was 0.09 m m .  This  l iqu id - l ayer  th ickness  above the hea t -gene ra t ing  sur face  was  m a i n -  
tained by influx f r o m  the pe r iphe ry  of liquid heated  to the sa tura t ion  t e m p e r a t u r e  and was moni tored  by a 
needle contact  method to within +0.01 mm.  The hea t - f lux  densi ty and the t e m p e r a t u r e  of the hea t -gene ra t ing  
su r face ,  allowing for  the t e m p e r a t u r e  drop  in the Teflon l a y e r ,  were  de te rmined  f r o m  the t e m p e r a t u r e  gradient  
along the wedge body. The t e s t s  were  c a r r i e d  out in dis t i l led wa te r  at  a tmosphe r i c  p r e s s u r e  in the hea t - f lux  
range  20-300 kW/m 2. The Teflon sur face  was p r e p a r e d  using fine e m e r y  paper .  

When wa te r  boils in a l a rge  v e s s e l  ( l iquid- layer  th ickness  not l e s s  than 100 mm) ,  the h e a t - e m i s s i o n  coef-  
f ic ients  a r e  p rac t i ca l ly  the s ame  as the h e a t - e m i s s i o n  coefficients  on the meta l l i c  su r f aces  of a hea te r .  One 
should note espec ia l ly  that ,  in a l a rge  v e s s e l ,  boiling is obse rved  at individual cen te r s  for  ve ry  low h e a t - f l u x  
values  (on the o rde r  of 3 kW/m2), and cor respondingly ,  at  low excess  t e m p e r a t u r e s  of the hea t -gene ra t ing  s u r -  
face of 1.5-2~ 

Insti tute of Technical  T h e r m o p h y s i c s ,  Academy of Sciences of the Ukrainian SSR, Kiev. Trans la ted  
f r o m  Inzhenerno-F iz i chesk i i  Zhurnal ,  Vol. 34, No. 2, pp. 202-204, F e b r u a r y ,  1978. Original  ar t ic le  submit ted 
January  10, 1977. 
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Fig .  1. Re la t ive  h e a t - t r a n s f e r  in tens i ty  as  a 
function of w a t e r  f i lm th ickness  (mm) on a Te f -  
lon su r face  a t  a t m o s p h e r i c  p r e s s u r e :  a) q = 116 
kW/m2; b) 23 kW/m 2. 
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Fig. 2. Critical breakdown thick- 
ness (ram) of a boiling-water film 

as a function of heat flux (kW/m2): 1) 

stainless steel; 2) Teflon-4; 3) type 

PSr-45 silver alloy. 

At hea t - f l ux  l eve l s  of 100 kW/m 2 and below (Fig. 1) there  is  some i n c r e a s e  in the h e a t - g e n e r a t i n g  in ten-  
s i ty  as  the l iquid is  reduced .  Here  the p ic tu re  is  qua l i t a t ive ly  a lmos t  the same a s  was seen p rev ious ly  on the 
c o p p e r - h e a t e r  su r face .  The d i f ference  is that  for  a l a y e r  th ickness  of more  than i mm there  is  no reduct ion  
in hea t  t r a n s f e r ,  such as  is  a lways  o b s e r v e d  on a c o p p e r - h e a t e r  su r face .  The r ea son  is that  on the Teflon 
s u r f a c e ,  which has  a b r o a d e r  s ize  spec t rum of nonwetted cav i t ies  to act  as vapor iza t ion  cen te r s  compared  with 
copper ,  a d e c r e a s e  in the coeff ic ient  of growth of vapor  bubbles in a volume [1] is  compensa ted  by g r e a t e r  a c -  
t iv i ty  on the p a r t  of the ex i s t ing  vapor iza t ion  cen te r s .  

An i n c r e a s e  in h e a t - t r a n s f e r  coeff ic ients  for  f i lm th i cknesses  l e s s  than 1 mm on Tef lon ,  as  on the cop-  
pe r  s u r f a c e s ,  a r i s e s  f rom the fact  that  a t  roughly this  th ickness  the t r a n s f e r  of hea t  by conduction and convec-  
t ion in the gaps between vapor i za t ion  cen te r s  begins to i n c r e a s e  apprec i ab ly .  This  is  conf i rmed ,  in p a r t i c u l a r ,  
by the fac t  that  the slope of the curve a =f(Sfilm) (Fig. lb) for  t h i cknesses  0.7-1 m m  is the same as  that  of the 

curve k/Sfi lm = f(Sfilm). 

The drop  a for  t h i cknesses  of l e s s  than 0.6 mm is  l inked to the appea rance  of sma l l  d ry  spots  in the f i lm,  
and addi t iona l ly ,  to some of the act ive vapor i za t ion  cen te r s  ceas ing  to function,  due to the reduct ion in the 
l iquid level .  F o r  f i lm th i cknesses  l e s s  than 0.2-0.3 mm the hea t  t r a n s f e r  by conduction i n c r e a s e s  sha rp ly  and 
compensa tes  for" the reduct ion  in a obse rved  e a r l i e r .  
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At large heat - f lux  values (Fig. la) the drop is a is absent ,  since in this case suppress ion of some of the 
active vaporizat ion cen te rs  does not affect  the hea t - t r ans f e r  intensity as markedly ,  because of the i r  abundance 
on the hea te r  surface .  

F o r  heat - f lux levels  of more  than 100 kW/m 2, the hea t - t r ans f e r  intensity does not differ  ve ry  much f rom 
the value for  a large  volume,  as the height of the liquid layer  is reduced.  The observed  slight drop in heat -  
t r a n s f e r  coefficient  (up to 5%) for  th icknesses  close to the breakdown level  is due to the appearance in the thin 
f i lm of fine dry  spots at the s i tes  of the active c e n t e r s ,  which are  wetted af resh  by the surrounding liquid at a 
l a t e r  t ime.  

F igure  2 shows c r i t i ca l  th icknesses  for  breakdown of a thin boi l ing-water  fi lm as a function of heat- f lux 
density at a tmospher ic  p r e s s u r e  for  surface  of s ta inless  s teel ,  Teflon,  and a surface  covered with a l aye r  of 
type PSr-45 s i lver  ahoy.  As can be seen in Fig. 2, the boi l ing-water  f i lm,  cont ra ry  to expectat ion,  is ve ry  
stable on the Teflon sur face ,  in spite of the poor wetting under isothernaal conditions. 

The contact  angle in wetting of a d ry  spot (at the boundary of the liquid-wall interface) cannot be equal,  
under  intense h e a t - t r a n s f e r  conditions, to the s tat ic  wetting angle, because of the prac t ica l ly  instantaneous 
evaporat ion of a ve ry  thin liquid f i lm near  the d ry - spo t  boundary. This angle depends mainly on the heat  flux 
and the fi lm thickness ,  although one cannot completely exclude the influence of the wetted surface  under i so-  
the rmal  conditions. 

The influence of the surface  mate r i a l  is most  c losely linked with the different  number of active vapor iza -  
tion centers  under the same heat- f lux condition. The l a rge r  the number ,  the sma l l e r  the average separat ion 
bubble d iamete r ,  i .e . ,  the sma l l e r  the size of the dry  spot formed at the site of a dis integrat ing bubble, and 
t he r e f o r e ,  the more  eas i ly  it is rewetted.  In addition, the g rea te r  the action of centers  on the sur face ,  the 
l a rg e r  the liquid waves on the fi lm sur face ,  which also improves  the wetting of dry  spots. 

Of the three  hea t - t r ans f e r  surface  ma te r i a l s  compared,  the smal les t  number  of centers  is observed on 
the s ta inless  s tee l  sur face .  The number  of act ive cen te r s  was g r e a t e r  for  the Teflon surface  than for  
the s i lver  ahoy  sur face ,  however ,  in this case the poor  wetting of Teflon plays some par t ,  which also accounts 
for  the large stabil i ty of the f i lm on the surface  of type PSr-45 alloy. 

Thus ,  a Teflon surface  d i f fers  ve ry  l i t t le f rom meta l l ic  hea te r  sur faces  under conditions with heat  t r a n s -  
fe r  and separat ion of thin wate r  f i lms under developed boiling. 

a ,  a l 
6f i lm 
q 
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a re  the hea t - t r an s f e r  coeff icients  in a thin f i lm and in a liquid volume; 
is the l iquid-f i lm thickness;  
is the heat- f lux density;  
is the the rmal  conductivity of the liquid. 
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