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Data are  shown pertaining to the p roper t i e s  of thin f i lms of var ious  liquid substances on cyl in-  
dr ical  sur faces  under various thermal  conditions. 

An experimental  study was made under i so thermal  and under nonisothermal  conditions, pertaining to 
cer ta in  p roper t i es  of liquid f i lms forming on a c i r cu la r  rod in a t r ansve r se  high-veloci ty  andeven t ranssonic  
s t r eam (120-320 m/sec )  of a gaseous liquid dispersion.  

In the test  apparatus for  this experiment ,  compres sed  a i r  was fed to a nozzle where liquid was in-  
jected and the generated free jet  was made to flow t r ansve r se ly  pas t  a c i rcu la r  rod. The a i r  tempera ture  
was held within the 22-28~ range, the tempera ture  of the liquid was held within the 20-23~ range, and the 
mass  concentrat ion of the liquid in the mixture was var ied  f rom 0.05 to 0.30. 

Water,  a 20% solution of potass ium carbonate,  and a 40% solution of ethyl alcohol were used in the 
i so thermal  tests.  Carbon steel, s tainless  steel, n ichrome,  copper,  b rass ,  aluminum, and graphite rods 
1.8 to 8.0 mm in d iameter  were used, their  sur faces  cleaned and then washed with a degreas ing solvent 
before the experiment.  The film thickness was measured  on the rod surface,  at a point 90 ~ above the 
stagnation line, by the contact  method with a m i c r o m e t e r  needle and a ca thode- ray  osci l lograph:  the 
deflecting plates of the la t ter  and the needle both in se r i e s  with the fi lm and the rod. As soon as the needle 
touches the liquid film, the c i rcui t  of the deflecting plates  c loses  and the sine wave on the osci l lograph 
sc reen  becomes cha rac te r i s t i ca l ly  distorted. As the needle moves further ,  it finally touches the rod and, 
as  a resul t  of a much reduced c i rcui t  res is tance ,  the sine wave becomes  a lmost  en t i re ly  straight.  The 
difference between the m i c r o m e t e r  readings at these two needle posi t ions cor responds  to the maximum 
fi lm thickness. 

Observat ions have shown that, under all conditions, on the rod surface in a high-veloci ty  s t r eam 
there fo rms  a stable liquid fi lm with smal l - sca le  surface i r r egu la r i t i e s  at which droplets continuously 
precipi ta te  and separate.  In the wake region there fo rms  a short  unstable shroud. Equil ibrium between 
these two mass  t r ans fe r  p r o c e s s e s  is reached at a definite fi lm thickness and depends, according to the 
measurements ,  on the gas velocity, on the surface (rod) mater ia l ,  and on the p roper t i e s  of the liquid -- it 
r emaIns  conservat ive with respec t  to the liquid concentrat ion and to the rod diameter .  Resul ts  of the f i lm 
thickness measurements  are  shown in Fig. 1 for  water  under i so thermal  conditions. The tests  with 
solutions of ethyl alcohol and potass ium carbonate were pe r fo rmed  using s tainless  steel  rods. The fi lm 
was respec t ive ly  about 30% thinner and 20-25% thicker  than a water film. 

The noaisothermal  tes ts  were pe r fo rmed  differently in that only a nichrome rod 1.8 mm in d iameter  
and 19 mm long was used. Heat was generated at the rod surface by pass ing a low-voltage al ternating 
e lec t r ic  cur ren t  through the rod. In each test  the a i r  veloci ty at the nozzle exit was 315-320 m / s e c ,  the 
thermal  flux density was 107 W/m  2, and the mean rod tempera ture  was 1300~ The tempera ture  was 
determined by a measuremen t  of the rod elongation during heating, with a m i c r o m e t e r  connected to the 
osci l lograph as before. The following liquids were used in this test :  water,  kerosene,  solar  oil, and a 
40% solution of ethyl alcohol. 

The behavior  of a fi lm in the heat t r ans fe r  tests  did not differ f rom its behavior  in the i so thermal  
tests .  Despite the high rod tempera ture ,  nei ther  format ion of vapor  bubbles at the heat t r ans fe r  surface (in the 
film) nor  breakdown of the f i lm (at above 0.1 mass  concentrat ions of liquid in the mixture) was noted in any 
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Fig. 1. Thickness  of wa te r  f i lm 5 ~ m )  as  a function of the 
gas- - l iqu id  s t r e a m  veloc i ty  w (m/sec) ,  at  va r ious  sur faces :  
ca rbon  s tee l  and s ta in less  s tee l  2.0-7.8 m m  in d i ame te r  (1), 
graphi te  6.0 m m  and copper  5.9 m m  (2), b r a s s  4.0 and 8.0 m m  
(3), a luminum 6.0 m m  (4) n ichrome 1.8 m m  (5). 

Fig. 2. The rm a l  flux densi ty  q (W/m 2) through a liquid f i lm,  
as  a function of the sur face  t e m p e r a t u r e  ts  (~ wa te r  (1), 
solution of ethyl  alcohol (2), ke rosene  (3), oil  (4), d ry  a i r  (5). 

of the tes ts .  Heat  e m i s s i o n  f r o m  the rod  and evapora t ion  of liquid f r o m  the sur face  were  not accompanied  
by any c r i t i ca l  modes .  The rod  t e m p e r a t u r e s  and the t h e r m a l  flux dens i t ies  a re  shown in Fig. 2. 

The th ickness  of the wa te r  f i lm was m e a s u r e d  at  rod  t e m p e r a t u r e s  up to 80ffC. The r e su l t s  were  the 
same  as  shown in Fig. 1. 

Thus,  i t  has  been es t ab l i shed  expe r i men t a l l y  that  l a rge  t h e r m a l  f luxes p a s s  through a thin liquid 
f i lm when the r a t e  of m a s s  t r a n s f e r  at  i t s  sur face  i s  high. Owing to the high t h e r m a l  conductance of a tMn 
f i lm,  it  b e c o m e s  unneces sa ry  to d iss ipa te  the heat  at  the sol id-- l iquid in ter face .  Fo r  this reason ,  vapor  
bubbles  do not ap pea r  even when the t e m p e r a t u r e  a t  the heat  t r a n s f e r  sur face  is  high. 
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