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On the bas i s  of a s e m i e m p i r i c a l  theory  of turbulent  t r ans f e r ,  f o rmu la s  a r e  der ived for  the 
mean  heat  t r a n s f e r  coeff icient  in the case  of f i lm evaporat ion f r o m  a rota t ing disk. 

F i lm e v a p o r a t o r s  where  a f i lm of evapora t ing  liquid is  produced by rota t ion of a conical  or  a disk 
sur face  have found wide appl icat ions  in industry  [1-4], because  of the high ra te  of heat  t r a n s f e r  and the 
feas ibi l i ty  of evapora t ing  m o r e  v i scous  liquids. 

Our e a r l i e r  s tudies [5] concerning the heat  t r a n s f e r  during evapora t ion  of wa te r  and NaC1 solutions 
f r o m  a rota t ing hor izontal  disk sur face  have es tab l i shed  that  s 0 does not depend on the t he rma l  flux density,  
within the range of t he rm a l  flux dens i t ies  typical  of evapora to r s ,  i . e . ,  that  heat  i s  d iss ipated f r o m  the hot 
sur face  mainly  by convection and evapora t ion  f r o m  the f i lm surface�9 

Centrifugal fo rces  contr ibute  to a un i form wetting of a heat t r a n s f e r  sur face  during rotat ion when the 
flow ra te  of liquid is  low, which c o r r e s p o n d s  to a Reynolds number  for  the f i lm Ref  = 10-50. Consider ing 
this ,  we have a s s u m e d  in [6] that the f i lm flow is  essen t ia l ly  l amina r  and, using the Kapi t sa  co r r ec t ion  [7] 
for  wave format ion ,  we have obtained a re la t ion  for  calculat ing the mean heat  t r a n s f e r  coeff icient  c~ in the 
case  of a wa te r  f i lm evapora t ing  f r o m  a disk: 
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Equation (1) is  based  on the p r e m i s e  that  c~ 0 d e c r e a s e s  with higher  wetting r a t e s  F, namely  ~ ~ r - t /3 �9  
According to t e s t s  in [5], however ,  ~ 0 s e e m s  to dec r ea se  with inc reas ing  F d only at rotat ional  speeds  up to 
w -< 31.4 sec "1. At w >- 52 sec -1, s 0 b e c o m e s  independent of F d as  the l a t t e r  v a r i e s  f r o m  5 .10  -3 to 3- 10 -2 
k g / m -  see (Fig. 1). This  mi ld  effect  of the wetting ra te  on the overa l l  heat  t r a n s f e r  coefficient  in a cen-  
t r i fugal  evapora to r  has  a lso  been noted in [3, 4]. 

The t r end  of c~ 0 as  a function of F or  Ref  can be explained as  follows. The c r i t i ca l  value of the R e y -  
nolds number  Ref,  which c h a r a c t e r i z e s  the t rans i t ion  f r o m  l a m i n a r  flow to turbulent  flow, v a r i e s ,  a c c o r d -  
ing to va r ious  au thors  [8-10], f r o m  60 to 500 and depends on many fac to rs .  As is well  known [11], ex te rna l  
pe r tu rba t ions  in a flowing liquid tend to lower  the c r i t i ca l  value of Ref. As the disk speed i n c r e a s e s ,  so 
does the f r ic t ion at the d i sk - -vapor  in ter face ,  which in turn ampl i f i es  the pe r tu rba t i ons  in the liquid as  the 
l a t t e r  f lows along the disk. In a study of the flow of two immisc ib l e  l iquids along a rota t ing disk, V. A. 
Yurchenko and A. A. Koptev [12] have es tab l i shed  that such l iquids begin to mix when GwR/2~v2p _> 0.525 
�9 108 --  as  is  the case  in a centr i fugal  evapora tor �9  This  c r i t i ca l  value may  be said to c h a r a c t e r i z e  the be -  
ginning of the t rans i t ion  zone between l a m i n a r  and turbulent  f i lm flow. 
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Fig.  1. Ef fec t  of the wet t ing r a t e  r d ( k g / m .  sec)  and of the r o t a t i o n -  
al speed  of a disk on the heat  t r a n s f e r  coef f ic ien t  (W/m 2. ~ dur ing 
evapora t i on  of wa te r  [5]: 1) co = 20.9 sec-1;  2) co = 52 s ec - t ;  3) w= 104 
s e e - 1 .  

Fig.  2. Heat  t r a n s f e r  dur ing  evapora t ion  of l iquid in a f i lm p roduced  
on a ro t a t i ng  disk:  1) t h e o r e t i c a l  c u r v e  a c c o r d i n g  to Eq. (1); 2) t h e -  
o r e t i ca l  c u r v e  a c c o r d i n g  to Eqs .  (2) and (6); 3) t heo re t i c a l  c u r v e  a c -  
c o rd i ng  to Eqs .  (2) and (9); t e s t  data  for  wa te r  and an NaC1 solut ion:  
4) co = 20.9 sec - t ;  5) co= 52 sec-1;  6) co = 104 sec  -1. 

F o r  ca lcu la t ing  the hea t  t r a n s f e r  dur ing evapora t ion  of a f i lm f r o m  a ro t a t ing  disk, we thus  r e q u i r e  a 
f o r m u l a  which t akes  into account  the tu rbu l i za t ion  of the f i lm.  It  is  n e c e s s a r y  to c o n s i d e r  that ,  as  the disk 
r ad iu s  is i n c r e a s e d  and as  Ref  d e c r e a s e s  as  a r e su l t  of evapora t ion ,  both a tu rbu len t  and a l a m i n a r  zone 
can, t h e r e f o r e ,  coex i s t  in a f i lm which f lows along the disk. The mean  heat  t r a n s f e r  coef f ic ien t  f o r  the e n -  
t i r e  disk will then be 

+ (2) 

with oq ca l cu l a t ed  a c c o r d i n g  to (1) and 

Rw== Rer, Ref ::: Recr " Got. - -qaRer  
2aRdvPr 

A f o r m u l a  fo r  % can be de r ived  f r o m  the s e m i e m p i r i c a l  t heo ry  of tu rbu len t  t r a n s f e r  in [3]. Since 
hea t ing  at the i n t e r f ace  between a v a p o r  and a ro ta t ing  f i lm cons t i tu t e s  a p e r t u r b a t i o n  which l o w e r s  the 
c r i t i c a l  va lue  of Ref,  hence  a r e p l a c e m e n t  of  g by w2R in the equa t ions  of  mot ion  will r e f l ec t  the d i f fe rence  
between f i lm flow along a ro ta t ing  su r f a c e  and f i lm flow due to g r av i t y  a long a s t a t i o n a r y  su r face .  The 
tu rbu len t  tangent ia l  s t r e s s  at the wall  will  then be 

V s --: 0)~RpS. (3) 

We now in t roduce  the d i m e n s i o n l e s s  t h i c k n e s s  

1 3 

v,6 ((o~R) 2 6 '~ 

V 

A c c o r d i n g  to the t w o - l a y e r  mode l  of tu rbu len t  f low p r o p o s e d  by S. S. Kuta te ladze  [14], we have 

116 <j 11.6 (laminar subiayer), 

q~ > I 1.6 (turbulent mainstream). 

F o r  ~5 > 11.6, the loca l  hea t  t r a n s f e r  coef f ic ien t  in the c a s e  of f i lm evapora t i on  f r o m  a disk is  d e -  
t e r m i n e d  f r o m  the fo l lowing equat ion:  

i 1 

0,4Pr.q8 -5- 

In ] '~18~1  v i 6 - -  11.6 
V~-6 - -  V-~B - -  11.6 

+4.65Pr 
(4) 

With a l o g a r i t h m i c  ve loc i ty  prof i le ,  
o ra t ion  a r e  r e l a t ed  a s  fo l lows:  

the Ref  n u m b e r  and the d i m e n s i o n l e s s  f i lm th i cknes s  dur ing e v a p -  
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Re f = G~ - -  qnR~ --  ~16 (3.0 q- 2.51n ~16) - -  39. (5) 
2nRvpr  

The value of the mean  heat  t r a n s f e r  coeff icient  in the turbulent  zone ~t  i s  found by in tegra t ing ~ t  ove r  
the surface ,  with (F/Tr) 1/~ replac ing  R in Eqs.  (4) and (5): 

FCr, 

I I ~t Fc t ~_Fwkw ~tdF. (6) 

Both R e c r  and thus a lso  F c r  can be evaluated f r o m  the express ion  

G ~  - 11,6(3.0 + 2.51n 11.6)--39. (7) 
2 ~ Rcr vPr 

According to the t h r e e - l a y e r  model of turbulent  flow, we have 

~16 ~ 5 (laminar sublayer), 

5 < ~18 ~ 30 (transition zone), 

~]~ ~ 30 (turbulent mainstream). 

The re la t ion between Ref  and ~?~ within the range 5 < 75 < 30 is 

Re f = .5~8 In ~16-- 8.05y8 ~ 12,5, (8) 

according  to P ro t a l sk i  [15]. Here  75 = 30 c o r r e s p o n d s  to Ref  = 281 and, t he r e fo re ,  centr i fugal  e v a p o r a -  
t o r s  fall well within this range 5 < ~75 < 30. In this  case ,  with the aid of I. V. Lomanski i '  s solution for  
the t rans i t ion  zone [16] and with (F/~) 1/2 rep lac ing  R, we have 

F C r  1 

In our ease  R e r  and F o r  will be de te rmined  f r o m  (8) with ~6 = 5. 

Tes t  data according to [51 and va lues  ca lcula ted  according  to Eqs.  (2), (6), and (9) a r e  shown in Fig. 
2. The t e s t  va lues  for  the mean  heat  t r a n s f e r  coeff icient  in the case  of f i lm evapora t ion  f r o m  a rotat ing 
disk sur face  a r e  based  on water  and up to 8% NaC1 solut ions under  a tmosphe r i c  p r e s s u r e .  Under these  
condit ions and with w = 20.9 sec -1, 

6 o  . co 2 Rd. ~ 0.8. ].0 8, 
2nRdV p "v 

and, according to Fig. 2, Eq. (1) y ie lds  a sa t i s fac to ry  ag reemen t  with t es t  va lues ,  the l a t t e r  r i s ing  higher  
above the theore t ica l  cu rve  with inc reas ing  values  of Ref. The re la t ions  der ived  with f i lm turbul izat ion 
taken into account desc r ibe  the p r o c e s s  of heat  t r a n s f e r  during f i lm evapora t ion  f r o m  a rota t ing disk. 

CO 
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R c r  
r = G/27rRvp 

r d  
F = ~R 2 

Ref  = r /~o ;  

N O T A T I O N  

is the angular  ve loc i ty  of a disk, sec-1; 
~s the t h e r m a l  flux density,  W/m2; 
is  the k inemat ic  v i scos i ty ,  m2/sec;  
t s  the density,  kg/m3; 
ts  the t h e r m a l  conductivity,  W / m "  ~ 
ts  the heat  of evapora t ion ,  kJ /kg;  
t s  the initial  flow ra te  of the liquid, kg / sec ;  
ts  the radia l  dis tance f r o m  the disk center ,  m; 
ts  the radius  to which the disk has  been wetted, m; 
ts  a finite disk radius;  
is  the c r i t i ca l  radius;  
t s  the wetting ra te ,  k g / m "  sec; 
t s  the wetting ra te  r e f e r r e d  to a finite disk radius ,  k g / m .  see; 
t s  the disk sur face ,  m2; 
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Ref, d = (G0r--qvR~)/z~R d _ _  vpr; 
V $ 

5 

~_0 

a t 

is the average  turbulent  velocity,  m / see ;  
is the fi lm thickness ,  m; 
is the mean heat t r a n s f e r  coeff icient  for  the en t i re  disk, W/m 2. ~ 
is the mean heat t r a n s f e r  coefficient  fo r  the l aminar  zone of f i lm flow; 
is the mean heat t r an s f e r  coefficient  for  the tu rbu len t  zone of f i lm flow. 
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