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Resul ts  a r e  given of exper imenta l  r e s e a r c h  on heating, evaporat ion and break ing  down of a 
f i lm of liquid which moves  over  a heated  rotat ing disk.  

The flow of liquid ove r  the sur face  of a smooth  rota t ing disk is cha r ac t e r i z ed  by the format ion  of a 
film; the heat  supplied to it causes  nonadiabatic evaporat ion of liquid and its s imul taneous  heating. 

In o r d e r  to de te rmine  the p a r a m e t e r s  of the liquid as it descends  f rom the disk,  it is n e c e s s a r y  to 
know its t e m p e r a t u r e .  I t  does not appea r  poss ib le  to do this by means  of calculat ion,  since a cons iderable  
propor t ion  of the conducted heat  is consumed in evaporat ion.  

We c a r r i e d  out an expe r imen t  to de t e rmine  the re la t ionship  for  calculat ion of the intensi ty  of heating 
of the liquid moving over  a heated rotat ing disk in re la t ion  to the de termining  p a r a m e t e r s .  

Smooth plain disks made f rom steel  Khl8N9T with a d i ame te r  of 100, 120, and 150 m m  w e r e  the ob- 
ject  of the invest igat ion.  The rotat ing speed of the disks was regula ted  smoothly  in a range f rom 2660 to 
1200 rpm and it was  m e a s u r e d  by using a s t roboscope  of the type ST-5 MI~I. The disk was heated on both 
faces  by means  of heat  radiat ion f r o m  e lec t r i c  hea t e r s .  The densi ty  of the t r ansmi t t ed  liquid of the t h e r -  
mal  flux var ied  in the l imi t s  (35-150) �9 103 W / m  2. The invest igated liquid (aqueous solutions of NaNO 3 with 
initial concent ra t ions  of 39 and 19% and dist i l led water)  was supplied to the cen te r  of the disk,  its d i scharge  
va r i ed  f rom 4 to 18 kg/h,  and the initial t e m p e r a t u r e  was  in the range 20-85~ The measu red  p a r a m e t e r s  
of the surrounding a i r  co r re sponded  to those preva i l ing  at room t e m p e r a t u r e .  

In the expe r imen t s  c a r r i e d  out the concentra t ion of the solution as it descended f rom the disk and a lso  
the t e m p e r a t u r e  of the liquid at  the edge of the disk w e r e  de te rmined  by means  of analys is  of se lec ted  s a m -  
p les ,  A spec ia l  device [1] was used for  this purpose .  

The re la t ive  e r r o r  of de te rmina t ion  of the concentrat ion did not exceed • but the t e m p e r a t u r e  
m e a s u r e m e n t  e r r o r  was 1.5-2~ T r e a t m e n t  of the exper imenta l  data enabled the c r i t e r ion  re la t ionship  
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to be obtained, which approx imated  the r e su l t s  of the expe r imen t s  with an a c c u r a c y  of • 15%. 

Expres s ion  (1) r e p r e s e n t s  the re la t ionship  between the Kutateladze c r i t e r ion  K = r / c  At and the th ree  
c r i t e r i a  which have a hydrodynamic  nature ,  the s imi l a r i t y ,  and the s implex  P/P0,  which takes  into account 
the var ia t ion  of the p r e s s u r e  of the vapors  above the solution in compar i son  with the p r e s s u r e  of the vapors  
above the pure  solvent  at the same  t e m p e r a t u r e .  The values of all the physical  magnitudes which en te r  the 
c r i t e r ion  a r e  taken at the initial t e m p e r a t u r e  and eoneentrat ion of the liquid supplied to the disk. 

P0 = 745 m m  Hg column is taken as the de termining  p r e s s u r e ;  P is de te rmined  at  a t e m p e r a t u r e  of 
100~ 
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In the expe r imen t s  which w e r e  c a r r i e d  out the c r i te r ion  had the following numer ica l  values:  K = 8.5- 
22; ~R2/u = (0.78-2.34) �9 106; G/RuT = i2.6-65.0;  qR/r~T = 0.6-1.85; P/P0 = 1-0.81. 

I t  mus t  be noted that  the influence of the p a r a m e t e r s  of a i r  on the p r o c e s s  examined is weak.  This  is 
explained by the fact  that  in the case  of nonadiabatic evaporat ion of the liquid it heats  up cons iderably ,  as a 
r e su l t  of which the vapor  p r e s s u r e  above the sur face  of the liquid cons iderably  exceeds  its par t i a l  p r e s s u r e  
in the surrounding a i r  and the influence of the l a t t e r  can be neglected.  

In addition, the influence of heating and or  par t ia l  evaporat ion of the liquid on the disk on the c h a r a c -  
t e r i s t i c s  of the a tomizing jet  was  invest igated,  for  which the degree  of d i spers ion  of the a tomizat ion was  
de te rmined  by means  of microphotography  of samples ,  taken f rom the l a te ra l  c r o s s  section of the  jet  at a 
d is tance of 120 m m  f rom the center  of the disk,  and also the densi ty  of the spray ,  and, correspondingly ,  
the radius  of the je t .  

The avai lable  calcula ted re la t ionships  for  de termining  the d i ame te r  of the drops  which fo rm during 
b reak ing  down of thel iquid  by the d isk  a t o m i z e r s  a re  inapplicable in the case  examined,  s ince they a r e  
obtained for  a d i f ferent  range  of p a r a m e t e r s  of the sy s t em,  o r  fo r  d i scs  of a d i f ferent  design [2]. Hence the 
exper imenta l  data obtained were  genera l ized  in the fo rm of the following relat ionship:  

_ _  ~ ,c0R2 -085 �9 G ~0.2 ~ ~0.3 

The d ischarge  of the liquid, subjec t  to a tomizat ion by the heated disk,  

 =ao- --So)dR] (3) 
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or  approx ima te ly  

G :- G o - -  1 (qF - -  GocoAt). (4) 
Y 

The calculat ions d99 according to (2) and the exper imenta l  data cor responding  to them show that  the heating 
and par t ia l  evaporat ion of the liquid on the disk leads  to a dec rea se  of d99 of 20-30% on account of var ia t ion 
of the physical  p r o p e r t i e s  of the liquid and reduction of its quantity, subject  to a tomizat ion.  The densi t ies  
of sp r ay  found exper imenta l ly  and the radi i  of the nonevaporat ing jets  of the a tomizat ion a lso  have con-  
s ide rab ly  s m a l l e r  values  for  the disk a tomize r  - e v a p o r a t o r  than for  the case  of a tomizat ion by a nonheated 
disk.  

The d i f fe rences  indicated above enable the disk a t o m i z e r - e v a p o r a t o r  to be modified for  intensifying 
the p r o c e s s  of a tomizing drying in smal l  drying instal lat ions.  The re la t ionships  obtained can be used for  
calculat ions of drying plant and other  equipment  which uses  the pr inciple  of evaporat ion of a f i lm on rotat ing 
su r f aces .  
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N O T A T I O N  

is the rad ius  of the disk; 
is the angular  velocity; 
a r e  the la tent  heat  of evaporat ion,  specif ic  heat  k inemat ic  v i scos i ty ,  specif ic  weight  and s u r -  

face tension of the liquid; 
is the extent of liquid heating; 
is the flow rate;  
is the specif ic  heat  flux; 
is the w a t e r  vapor  p r e s s u r e s ;  
is the d i a m e t e r  of d rops ,  m ax i mum for  99% of the whole quantity of d rops  in the a tomizing jet; 
is  the heated sur face  a r e a  of the disk.  

S u b s c r i p t s  

0 is the supply to the disk; 
R on the radius  R; 
d is the disk.  
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