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The heat t r a n s f e r  of va r ious  liquids boil ing on tubes made  of different  m a t e r i a l s  has been invest igated for  
the case  of d i rec t  heating with h igh-f requency cur ren ts .  

Recent ly ,  the re  have been a number  of studies of the effect  of e lec t romagne t ic  f ields on heat t r a n s f e r  ra tes ,  in 
these studies,  the f requency of the f ield did not exceed 60 Hz. 

It was es tabl i shed that under these conditions cons iderab le  intensif icat ion of heat  t r ans fe r  is observed.  

We have made  an exper imenta l  study of boil ing heat t r ans fe r  in a h igh-f requency e lec t romagne t ic  field. 

Under conditions of d i rec t  h igh-f requency heating the heat is r e l eased  in a thin sur face  layer  of the tube. 
There fo re ,  the t e m p e r a t u r e  inside the tube and at its su r face  a r e  p rac t i ca l ly  the same,  which at smal l  depths of 
cu r r en t  penet ra t ion  complete ly  excludes the necess i ty  of introducing a co r r ec t i on  for  the t e m p e r a t u r e  drop over  the 
thickness of the wall, which in turn r e su l t s  in a cor responding  i n c r e a s e  in the accuracy  of the measu remen t s .  

This makes  it poss ib le  to es tab l i sh  m o r e  re l iab ly  the effect of such fac to rs  as the ma te r i a l  of the surface ,  which 
is ve ry  difficult  to take into account quant i ta t ively in normal  c i r cums tances  owing to the increased  e r r o r  of the 
m e a s u r e m  ents. 

Boiling heat transfer was investigated under pool conditions at atmospheric pressure with direct heating of the 
surface by high-frequency currents (650.103 Hz), which created a rapidly varying electromagnetic field around the 
tube. 

The apparatus and method of measu r ing  the heat f luxes a re  descr ibed  in detail  in [4, 5]. Here,  we m e r e l y  note 
that the max imum e r r o r s  in de termining  the heat f luxes,  by ca lo r ime t ry ,  and the h e a t - t r a n s f e r  coeff ic ients  did not 
exceed 4-6% and 5-7%, respec t ive ly .  

Four  pr inc ipa l  liquids were  invest igated:  double-dis t i l led  water ,  benzene,  acetone, and 96% rec t i f ied  ethyl 
alcohol,  which dif fer  in d i e l ec t r i c  constant and in the degree  of polar iza t ion  of the molecules .  

To invest igate  the effect of the ma te r i a l  of the heating surface,  we conducted exper iments  on tubes made of b r a s s ,  
copper,  ch romium-p la t ed  copper,  and 1Cr l8NiTi  s ta in less  s tee l  with an outside d iamete r  of about 6 mrn. 

For these materials, the equivalent depths of penetration are 0.168, 0.089, 0.089, 0.54 ram, respectively, and 
the temperature drops | over the thickness of the wall at a heat flux q = 200 " 103 W/m 2 0.125; 0.003; 0.003 and 3.580 ~ C, 
respectively. 

From these data it follows that the use of copper, chromium-plated copper, and brass tubes is most desirable, 
since in view of the smallness of | it is not necessary to introduce a correction in calculating the temperature of the 
outer surface of the heating tube. 

Before the experiments were performed, all the heating tubes were identically treated and stabilized. 

The results of our measurements make it possible to decide questions connected with the effect of the high- 
frequency electromagnetic field and the material of the heating tube on the intensity of heat transfer. 

We compared  our own exper imenta l  data, fo r  a s ta in less  s tee l  tube heated with h igh-f requency and 50-Hz 
cur ren t  (Fig. 1). The effect of the h igh-f requency f ield on a was not uniform. F o r  benzene it led to a sl ight  i nc r ea se  
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Fig.  1. Effect  of e l ec t romagne t i c  field 
(W/m 2) on the r a t e  of boi l ing heat  
t r a n s f e r  (W/m 2 �9 deg): 1, 2, 3, 4) the 
au thors '  da ta  for wa te r  and benzene,  
r e s p e c t i v e l y  (1, 3 - -h igh- f requency  
heating; 2, 4- -heat ing  at a f requency of 
60 Hz). 
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in c~ at q = 100.103 W/m 2 as compared  with ord inary  heating, giving a s t eepe r  slope; water  gave an i nc r ea se  in c~ by 
23%. This  means  that the f ield has a g r e a t e r  effect on the boiling heat  t r ans fe r  of liquids with po la r ized  molecu les .  
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Fig.  2. Effect  of hea te r  ma te r i a l  on the ra te  of 
boi l ing heat t r ans fe r  for ethanol: 1, 2, 3, 4) the 
authors '  data fo r  copper,  b r a s s ,  c h r o m i u m -  
plated copper,  and s ta in less  s tee l  tubes, 

r espec t ive ly .  

The exper imenta l  data fo r  h igh-f requency cu r ren t s  could not be genera l i zed  by e i ther  the Kruzhi l in  [6] o r  the 
Labuntsov [7] equations. This indicates  a speci f ic  effect of the h igh-f requency f ield on the h e a t - t r a n s f e r  p rocess .  

In our  exper iments  owing to the s y m m e t r y  of the f ield r e l a t i ve  to the heating tube the re  is no fo r ce  causing 
e l ec t roconvec t ion  [1, 8]. The e l ec t romechan ica l  f o r c e  [1], by acting on the vapor  bubbles during the per iod of thei r  
fo rmat ion  and growth, may intensify the h e a t - t r a n s f e r  p roce s s  somewhat.  

According to [9], the l iquids we invest igated do not undergo d i e l ec t r i c  heating in a f ie ld  with a f requency of 
650 �9 103 Hz. At the same  t ime,  this does not exclude the poss ib le  action of the f ield on the molecu les  at the phase 
interface:  vapor- l iqu id ,  sol id- l iquid ,  which, in turn, may lead to a change in the sur face  fo rces  and the contact  
angle. It may be assumed that the nature and intensity of this effect depend on the s t rength  and f requency of the f ield 
and on the e l ec t r i ca l  p rope r t i e s  of the molecu le s  of the substance investigated.  According  to exis t ing notions, the 
la t te r  affects  the nucleat ing p rope r t i e s  of the act ive  cen te r s  and, consequently,  the ra te  of boil ing heat  t ransfe r .  

Thus, the h igh- f requency  field modif ies  the local  p rope r t i e s  of the liquid and the vapor  in the region of act ive  
cen te r s  and, hence, intensif ies  the p r o c e s s .  

To a cer ta in  extent this in te rpre ta t ion  is consis tent .wi th  the exper imenta l  r e su l t s  of [10], where  by specia l  
t r ea tmen t  of the heating su r face  it was found poss ib le  to modify the p rope r t i e s  of the sur face ,  the liquid, and the 
vapor  in the region of an ac t ive  center .  This led to a cons iderab le  inc rease  in boil ing heat  t ransfe r .  

Our r e su l t s  c l ea r ly  r evea l  a re la t ion between the h e a t - t r a n s f e r  ra te  and the m a t e r i a l  of the hea te r  surface.  The 
s t r a t i f i ca t ion  of the data accord ing  to the tube m a t e r i a l  is i l lus t ra ted  in Fig.  2. Other  things being equal, the heat -  
t r a n s f e r  coeff ic ients  inc rease  f rom s ta in less  s tee l  through chromium-p la ted  sur faces  and copper  to b rass .  

A s i m i l a r  p i c tu re  is also observed  in the case  of boiling benzene,  acetone,  and water .  
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