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Results  a re  given on the local mass  t rans fe r  between rotating and fixed disks with and with- 
out a radial  gas flow between them. 

The difference in the profi les before and af ter  the run determines  the local loss of naphthalene. 
gra l  loss was determined by weighing the disk on an analytical balance to an accuracy  of 0.1 mg. 
tions were applied for the loss during emplacement,  startup, and stopping. 

There  has recent ly  been much interest  in the flow charac te r i s t i cs  and heat and mass  t r ans fe r  in 
rotating sys tems  of disk type on account of new designs of such sys tems  (gas turbines,  disk s torage de-  
vices,  condensers  for desalinating seawater ,  and a i rc ra f t  nose-cool ing devices).  

Several studies have been repor ted  [1-3] of heat and mass  t r ans fe r  f rom a screened rotating disk; 
however,  the methods gave only integral  or average  values for the heat-  and m a s s - t r a n s f e r  coefficients.  
Therefore ,  it was not possible to distinguish some major  features of the heat and mass  t r ans fe r .  Nothing 
has been published on the local charac te r i s t i cs  of heat and mass  t r ans fe r  in re lat ion to gap size,  rotat ion 
speed, and gas-f low speed, 

We examined mass  t r ans fe r  f rom the local and integral  removal  of a subliming mater ia l  (naphtha- 
lene) deposited on the surface  of a rotating disk. Before each exper imen t ,  the chemically pure naphthalene 
(C~0Hs) was deposited in the molten state on a disk preheated to t = 50~ which provided a dense layer .  
The coated disk was turned on a lathe, and then polished manually. The surface roughness did not exceed 
1-2 #m. Then the disk was mounted in an X-Y control, and a ver t ica l  optical sys tem with a scale division 
of 0.001 mm was used to record  profiles of the surface in four mutually perpendicular  radial  direct ions.  

The inte- 
Co r r ec -  

run:  

The local m a s s - t r a n s f e r  coefficient is defined by 

m I 

~,~ = a )  

The mass  loss f rom unit surface  was found f rom the change Ay in the profile during the t ime A r of a 

m' Ay (2) 

As the density of the naphthalene vapor in the gas flow p~ was only (2-3%) P0, one can assume with 
sufficient accu racy  that p~ = 0; the naphthalene vapor  density at the surface  P0 may be put in the following 
form if the vapor is represented  as an ideal gas :  

Po = P / R T .  (3) 

The following semiempi r iea l  formula [4] gives the part ial  p r e s su re  of the saturated vapor of naphthalene: 

lgP = __0'0533a + b; a = 714010; b = 13,575. (4) 
T 
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Fig. 1. The apparatus: 1) rotor; 2) stator; 3) thermistors;  
4) jacket; 5) water; 6) insulating jacket; 7) naphthalene 
coating; 8) thermistor;  9)fixed current lead; 10) rotating sys-  
tem; 11) oscillator; 12) hf amplifier; 13) detector; 14) digi- 
tal millivoltmeter; 15) switch; 16) flowmeter; 17) filter; 18) 
ballast vessel;  19) air pump. 

Then the expression for the local mass- t ransfer  coefficient becomes 

am=  -L7 m'= Ay 
P P h~ 

The mean mass-transfer coefficient is defined by the following formulas: 
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Fig. 2. Heat t ransfer  from screened rotating disk: a) local 
Nu m [1) h = 0 . 5 m m ;  2) 1; 3) 1.5; 4) 2; 5) 3; 6) 2.5]; b) 
mean integral Num [1) Re r = 1.97. 105; 2) 1.664 "105; 3) 
1.106.105; 4) 0.611.105; 5) 0.368.105; 6) 0.136.105]. 

(5) 

46 



l 

Nu.  
i 

2~, 

l " - i  

0 
10 2 tO 3 I0 ~ Re r, 

Fig. 3. Relat ion of Num/Num0 to Re for  var ious  Q 
/2~hv  = 1) 1130; 2) 564; 3) 337; 4) 202; 5) 109; 6) 73; 7) 28. 

mRT 
~.~ = ' p , ~ ,  (6) 

~ dA 

s 

The value given by (6') using the actual  su r face  prof i le  and the m e a s u r e d  ~m f rom (6) ag reed  to within 
2-2.5% 

(6,) 

The Nusselt diffusion number is 

Nu m ~ r  RT Ay r = - -  = p - -  (7) 
D P AT D 

The following s e m i e m p i r i e a l  re la t ionship  gives the diffusion coefficient  for  r~phthalene vapor  in a i r :  

D = 1.185.  IO-PT3/2. (8)  

The measurements were made with an apparatus whose working part (Fig. I) consisted of two plane- 
parallel horizontal disks, one of which rotated at 10-25 �9 103 rpm, while the other was immobile; the 
speed throughout the run was kept constant using an autotransformer controlled by a servo system. The 
speed was measured either by an induction transducer or by a stroboscope. 

Formulas (4)- (8) show that a considerable effect on the error in the result comes from the error in 
measuring the surface temperature of the naphthelene layer. We cannot agree with the conclusions of [1-3] 
that the temperature rise caused by aerodynamic heating is essentially small and can be neglected. Pre- 
liminary tests showed that the dissipative heating raises the rotor temperature by 3-4~ The tempera- 
ture of the rotor under the naphthalene was measured at four points along the radius with MT-57 micro- 
thermistors, which were linked to a capacitive coupling system [7]. The error in this system did not 
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Fig. 4. Mass t r ans fe r  in a rotat ing sys tem with through flow: 
a) effects of flow ra te  : [1) Q/2~rh~= 1130; 2)564;  3)337; 4) 
202; 5) 109; 6) 73; 7) 28; 8) 0]; b) effects of disk separa t ion 
[1) h = 0.5 ram; 2) 1.0; 3) 2.0); 4) 2.5; 5) 3.0]. 

exceed ~0.2 ~ The s ta tor  was fixed in a thermal ly  insulating jacket, with a cavity containing water  at a 
constant t empera tu re  maintained in circulat ion.  The sur face  t empera tu re  of the s ta tor  was measured  by 
KMT-14 the rmi s to r s  to an accu racy  of 0.1 ~ 

In some of the runs,  a i r  was supplied f rom a pump via an a i r  f i l ter  and r e s e r v o i r  to a central  hole 
in the s ta tor  of d iamete r  1.2 mm. The a i r - f low rate  was measured  by a f lowmeter to an accuracy  of 0.25 
l i t e r / h .  During the experiment  the s ta tor  was held in a coordinate device to set the gap between the disks.  
This device also eliminated any taper  in the gap. 

It has been shown [6] that the flow pat tern  set  up by rotat ion of the screened disk is complex and de- 
pendent on the geomet ry  and size of the sys tem,  as well as on the speed. In the absence of the central  gas 
flow, the motion on the immobile  disk is d i rected towards the center,  while that on the rotating disk is 
f rom the center  outwards,  on account of centrifugal and viscous forces .  

The input a i r  substantial ly a l te rs  the flow pat te rn  in the gap; it has been observed [8] that the radial  
component of the flow is ent irely dependent on the flow cha rac t e r i s t i c s  in the absence of a i r  input, whereas 
an a i r  input causes the flow to be determined in the main by the output f rom the source ,  and the difference 
between natural  and forced flows is not important  in examining the heat -  and m a s s - t r a n s f e r  p r o c e s s e s .  

The flow pat te rn  caused by a rotat ing disk is dependent on the s ta tor  s ize [9]; if a d iameter  of the 
fixed disk exceeds that of the ro tor ,  the flow may become unstable, with periodic fluctuations in the flow 
to and f rom the center .  There fore ,  to avoid secondary  flows and eliminate effects on the rotating center,  
we used disks of identical d iamete r  i n  all exper iments .  

F igure  2 shows the resul ts  of mass  t r ans f e r  in the absence of a i r  flow. The mass  t r ans fe r  increases  
with the gap up to h /R = 0.05 (h = 2.5 mm); fur ther  increase  results  in some reduction in the t r ans fe r  ra te ,  
and at h /R = 0.06 (tl = 3 mm) the type of t r a n s f e r  approaches  that for an open disk. 

The effects of the gap may be explained by supposing that the boundary layers  on the s ta tor  link up 
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F i g .  5. C r i t i c a l  R e y n o l d s  n u m b e r  a s  a func t ion  of: a) g a s - f l o w  
r a t e ;  b) d i s k  s e p a r a t i o n .  

fo r  l a m i n a r  f low in a n a r r o w  gap  with h / R  = 0 .006-0 .02 ;  a s  the  g a p i n e r e a s e s ( 0 . 0 0 6  < h / R  < 0.02), a s e c o n -  
d a r y  flow of t he  f lu id  i s  s e t  up,  which  s u b s t a n t i a l l y  i n c r e a s e s  the  m a s s - t r a n s f e r  r a t e .  Any  f u r t h e r  i n -  
c r e a s e  in  the  gap  r e s u l t s  in  a c o r e  b e t w e e n  the  b o u n d a r y  l a y e r s  on the  r o t a t i n g  and f ixed  d i s k s ,  which  r o -  
t a t e s  wi th  an  a n g u I a r  v e l o c i t y  a p p r o x i m a t e l y  equa l  to  ha l f  tha t  of the  d i s k  [10], T h e  t h i c k n e s s  of t h i s  c o r e  
i n c r e a s e s  wi th  the  gap ,  which  r e s u l t s  in  t he  fo l lowing  n o n l i n e a r  r e l a t i o n s h i p :  

Nu m = 4.33 (h/R)o .6s ReO.5. 

F i g u r e  2b shows  the  m e a n  v a l u e  'Nu m as  a func t ion  of the  gap  b e t w e e n  the  d i s k s  fo r  v a r i o u s  Re ,  

In the  s e c o n d  s t a g e  of the  t e s t s ,  we e x a m i n e d  the  l oca l  m a s s  r e m o v a l  r a t e  in  the  p r e s e n c e  of the  
r a d i a l  a i r  f low.  F i g u r e  3a shows  Num/Num_ = f(Re) fo r  v a r i o u s  f low r a t e s  (Nu m is  the  va lue  fo r  the  a i r  
f low p r e s e n t ,  whi le  Num0 is  the  s a m e  withou% the  a i r  f low).  In the  r a n g e  Re = 10-104, the  a i r - f l o w  r a t e ,  
a s  r e p r e s e n t e d  by  the  d i m e n s i o n l e s s  p a r a m e t e r  q = Q/27rhv c a u s e s  a m a r k e d  i n c r e a s e  in  the  m a s s - t r a n s -  
f e r  r a t e  (by a f a c t o r  of 10-16) .  F i g u r e  4 shows  Num = f(Re) fo r  the  a i r  f low p r e s e n t .  It i s  c l e a r  tha t  the  
m a s s  t r a n s f e r  i n c r e a s e s  up to  a c e r t a i n  c r i t i c a l  va lue  R e c r  in  the  c e n t r a l  r e g i o n ,  which  is  e v i d e n t l y  due 
to  o n s e t  of t u r b u l e n c e  due to  the  i n c o m i n g  a i r .  

F i g u r e  4b shows  the  e f fec t s  of gap  width on the  m a s s - t r a n s f e r  r a t e  in  the  p r e s e n c e  of the  a i r  f low.  
The  l a t t e r  has  the  m o s t  e f fec t  fo r  s m a l l  gaps  in  the  r a n g e  a r o u n d  h / R  = 0.05. 

It i s  c l e a r  t ha t  the  f low t o w a r d s  the  c e n t e r  on the  f ixed  d i s k  g r a d u a l l y  b e c o m e s  w e a k e r  a s  the  gap  i s  
r e d u c e d ,  and the  f low does  not  a t t a i n  the  c e n t r a l  zone in the  s p a c e  b e t w e e n  the  d i s k s .  T h e r e f o r e ,  r e d u c -  
t i on  in  the  gap  a c c e n t u a t e s  the  e f fec t  of the  i n c o m i n g  a i r ,  and the va lue  of R e c r  , which  c h a r a c t e r i z e s  the  
zone of i n f luence  of the  i n c o m i n g  a i r ,  i s  dependen t  on the  a i r - f l o w  r a t e  and  the  i n t e r d i s k  gap  (Fig .  5). The  
R e c r  = f(q, h / t l )  r e l a t i o n s h i p  t a k e s  the  f o r m  
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Recr = [(h/R) 2 -" 0,01l (0.795q" ~- 562q + 6.t5.  104). 

N O T A T I O N  

i s  the  l oca l  m a s s - t r a n s f e r  coe f f i c i en t ;  
ts  the  m a s s  e n t r a i n m e n t  r a t e ;  
is  the  naph tha l ene  v a p o r  d e n s i t y  of s u r f a c e ;  
i s  t he  n a p h t h a l e n e  v a p o r  d e n s i t y  a t  inf in i ty ;  
i s  the  change  in  n a p h t h a l e n e - l a y e r  p r o f i l e ;  
i s  the  e x p e r i m e n t  d u r a t i o n ;  
i s  the  d e n s i t y  of  s o l i d  naph tha l ene ;  
ts  the  u n i v e r s a l  ga s  cons tan t ;  
ts  the  s u r f a c e  t e m p e r a t u r e ;  
ts  the  p a r t i a l  v a p o r  p r e s s u r e  of naph tha lene ;  
a r e  the  d i m e n s i o n l e s s  f a c t o r s ;  
i s  the  s u r f a c e  a r e a  of d i s k s ;  
i s  the  m e a n  h e a t - t r a n s f e r  coe f f i c i en t ;  
i s  the  R e y n o l d s  n u m b e r ;  
i s  the  P r a n d t l  n u m b e r ;  
i s  the  Schmid t  n u m b e r ;  
i s  the  d i f f u s i o n  N u s s e l t  n u m b e r  for  flow; 
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is the diffasiofl Nusselt number without flow; 
is the disk spacing; 
are  the disk radii; 
is the dimensionless parameter  for gas-flow rate,  q = Q/2~rhv; 
is the gas-flow rate; 
is the kinematic viscosity 
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