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Theory  of heat  c a r ry i ng  by spher ica l  fluid pa r t i c l e s  in v iscous  liquids is developed.  I t  is 
found that  the veloci ty  of the pa r t i c l e s  is d i r ec t ly  propor t ional  to the der iva t ive  of sur face  
tension with r e s p e c t  to t e m p e r a t u r e .  

In [1-4] a theory  was developed of the mot ion of ae roso l  pa r t i c l e s  in t empera tu re - inhomogeneous  
gases ;  i t  was found that the t r a n s f e r  ef fec t  of these  gases  is propor t ional  to the coefficient  of the rma l  s l id -  
ing of the gas  along the i r  su r f ace .  I t  was a s sumed  that the rad ius  R of the pa r t i c les  g rea t ly  exceeds  the 
length of the f r ee  path of t h e m o t e c u l e s .  In [1] the case  of ~./R =0 was analyzed which co r responds  to ve ry  
l a rge  p a r t i c l e s .  

In la te r  works  [2, 4] a genera l iza t ion  was given of this theory  to the case  of smal l  but finite r a t i o s  
X/R.  The dif ference between [2] and [3, 4] l ies  in that the authors  of [3, 4] used an improved fo rmula  for  
the r a t e  of the t h e rm a l  sl iding of the gas on the surface  of ae roso l  pa r t i c l e s ;  this enables  one to br ing  the 
theory  c lose r  to the expe r imen ta l  r e s u l t s  [5, 6] obtained by us ing  v e r y  s t r ingent  me thods .  However ,  no 
solution has  been found so fa r  as  r e g a r d s  the mot ion of fluid spher ica l  drople ts  in i nhomogeneous - in - t em-  
pe r a tu r e  v iscous  liquid m ed i a .  The specia l  fea ture  of this p rob lem cons is t s ,  f i r s t ly ,  in that the motion 
of the drople t s  is due to t e m p e r a t u r e  changes in the sur face  tension on the boundary of the d r o p l e t -  s u r -  
rounding fluid in ter face ,  and, secondly,  that  the drople t  v i scos i ty  rTi is comparab le  to that  of the external  
medium which makes  us  take into account  the inside motion of the substance in the drople t .  

I t  is considered that a spher ica l  drople t  of fluid of rad ius  R is suspended in a t e m p e r a t u r e - i n h o m o -  
geneous fluid.  The substance of the drople t  is d i f ferent  f rom that  of the surrounding fluid. The g r a v i t a -  
t ional f o r ce s  act ing on the droplet  will f rom now on be always ignored.  The droplet  does not d issolve in 
the fluid and a c r o s s  its sur face  there  is no exchange of ma t t e r  with the surrounding med ium.  The length 
X of the f r ee  path of the molecu les  is cons iderably  shor t e r  than the r ad ius  R of a par t ic le ;  the re fo re ,  the 
Knudsen number  equal to X/R is a s s um ed  to be equal to z e r o .  In the ma themat i ca l  formula t ion  of the p rob -  
lem,  the or ig in  of the spher ica l  coordinate s y s t e m  (r, 0, @ is located a t  the center  of the droplet;  m o r e -  
over ,  it is a s sumed  that at  a g rea t  dis tance f rom the droplet  the t e m p e r a t u r e  gradient  (VT)o o is constant  
and d i rec ted  along the polar  axis  z = r cos 0 .  

I t  can be a s s u m e d  as  it was done when solving the Stokes p rob lem [7, 8] that for  such a choice of the 
origin the drople t  is at  r e s t  and the center  of g rav i ty  of the fluid m o v e s  with a constant  veloci ty  u at g rea t  
d i s tances  f r o m  the drople t .  

The computation of the r a t e  of the ca r r i ed  heat  is based  on a p r io r  determinat ion of the total force  
F act ing on the pa r t i c l e .  To be able to evaluate  the l a t t e r  the dis tr ibut ion ts requi red  of the veloci t ies  
v(e) and of the p r e s s u r e  p(e) in the med ium around the drople t .  The ve loc i tyv(e )  is due to the t e m p e r a t u r e  
gradient  (VTe)~o and if the p a r a m e t e r  R(VTe)~ /Tav  e is smal l  compared  to unity then the Reynolds number  
ts  cons iderab ly  s m a l l e r  than unity, as  was c o r r e c t l y  shown in [9]. The la t ter  enables  one to use  the 
1inearized N a v i e r - S t o k e s  equations and the continuity equation [9] to solve the p rob lem 

rl~V~(~) = Vp ~o, (1) 

dive(e) = O. (2) 
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I f  the p a r a m e t e r  R 6 7 T e ) ~ / T a v  e is sma l l  then the P6e le t  n u m b e r  is  a l s o  sma l l  (see [9]); this  y ie lds  
l i nea r i zed  hea t - conduc t ion  equat ions  fo r  the t e m p e r a t u r e  T e outs ide  the d rop le t  and T i inside i t :  

v~Te = 0 for r > R, (3) 

v2Ti : 0 for r <Z R. (4) 

L i n e a r i z e d  equa t ions  a r e  a l s o  val id  fo r  the ve loc i t i e s  and p r e s s u r e  ins ide the d rop le t ,  n a m e l y ,  

rliV~(i) = VP")' (5) 

divv(O = 0. (6) 

F o r  r ~oo the r ad ia l  and tangent ia l  componen t s  of the ve loc i ty  of the m e d i u m  a s s u m e  the f o r m  

vY ~ = !ul cos 0, for r - , -  oo. (7)" 

v0 ~') = - -  ,!~ t sin 0 

The t e m p e r a ~ r e  T e fo r  r - - o o  sa t i s f i e s  the r e l a t ion  

Te : T~ ~ -1- J(vT,)~[ r cos 0. (8) 

The change in the shape of the fluid d rop le t  is ignored  when v i scous  l iquid f lows pas t  i t  s ince  the d i s -  
to r t ion  of the s p h e r i c a l  shape is ,  a s  a r u l e ,  v e r y  s l ight  (see [8]). In such a ca se  the n o r m a l  ve loc i ty  c o m -  
ponents  of the mot ion  for  m a t t e r  outs ide  or  inside the drople t  m u s t  vanish  on i t s  s u r f a c e :  

Vr (e) = 0 for r = R, (9) 

V~r i) : 0 for r : R. (10) 

F o r  tangent ia l  ve loc i ty  componen t s  one obvious ly  has  the r e l a t i on  

(')1 = v(~~ ~=~" (11) [30 ,r=R 

Since the bounda ry  of the d r o p l e t - o u t s i d e  m e d i u m  in t e r f ace  is in equ i l ib r ium,  t h e r e f o r e  the c o m -  
ponents  of the t e n s o r  of total  s t r e s s  m u s t  be cont inuous on this  bounda ry  [8, 1O] 

n~ r O0 ~ O r  r ~=:~ OT. RO0 n~ r 0--~ ~ Or r ~=R" (12) 

The condit ion (12) is the condit ion of equa l i ty  of the tangent ia l  componen t s  of the s t r e s s  t e n s o r .  The 
bounda ry  condit ion for  the cont inui ty  of n o r m a l  s t r e s s e s  is r e p l a c e d  by the equivalent  condit ion of the 
van i sh ing  of the total  f o r c e  F on the d rop le t  in its un i fo rm mot ion  [8]. 

F o r  X/R ~ 0  for  t e m p e r a t u r e s  T e and T i one has  the fol lowing condi t ion:  

(T~ - -  T~)],=~ = 0. (13) 

Fina l ly ,  t h e h e a t  f lux a c r o s s  the s u r f ace  of the drople t  is a l s o  cont inuous,  

OTe I OTi 
• T ~=R Or ],=~' (14) 

where  ~e and ~i a r e  the hea t  eonduet iv i t ies  of the outs ide  m e d i u m  and of the d rop le t ,  r e s p e c t i v e l y .  

Equa t ions  (1)-(6) and the boundary  condi t ions  (7)-(14) enable  us to  seek  the so lu t ions  in the f o r m  

= --7-~-' r +[u! cos0, 

v~O ( A. Be ) 
= 2r 3 2r ~! sin 0, 

p(') = / o  ') § tie ~ cos 0, 

v~ ~ = (C i + D 7  ~) cos 0, 

(15) 

(16) 

(17) 

(18) 
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v(e i) = - -  (C, + 2Dir ~) sin O, (19) 

p(O = p(oi) + lO~i,Dir cos O, (20) 

Te = Toe_~_I(vTe)[~rcosO_ }_ "~1 C050"~- "~2 r ~ r '  ' (21) 

T i = V.q + ~&r cos 0. (22) 

Substi tut ing the solutions (15)-(22) into the boundary conditions (9)-(14) one obtains a s y s t e m  of a lgebra ic  
equat ions which enable one to de te rmine  the values  of the constants  A e,  Be, Ci, D i, Yl, Y2, T3 and T4 �9 
However ,  i t  is not intended he re  to find the analyt ic  exp re s s ions  for  all  the eight constants  since we shall  
only r equ i r e  the analyt ic  exp re s s ion  for  the constant  B e .  

The total fo rce  exer ted  on the drople t  is equal to the in tegra l  over  i ts  sur face  of the components  of 
the s t r e s s  t ensor  [7, 8], 

~ (e) (e) 
j'( (p~, cos 0 - -  P,o sin O)I~=R dS. (23) 

The in tegra t ion r e su l t s  in 

where  B e in i ts  vec tor ia l  f o rm is given by 
(24) 

R~ 0~y 
Be (2Vie + 3vl') ~"" ( "e ) OTe (VT)| 

= ~ - -  Ku - -  (25) 
2 01~ T rl i) 2r% + X i 01~ + 111) 

The condition that the total fo rce  (24) mus t  vanish indicates  au tomat ica l ly  that  the vec tor  B e of (25) 
a l so  van i shes .  F r o m  the l a t t e r  condition an express ion  is obtained for  the veloci ty  u: 

2Rue Oa 
U = (2• .+_ :~) (2% + 3rl 0 0 T  e (vT)| (26) 

By changing over  to the coordinate  s y s t e m  re la ted  to the center  of g rav i ty  of the surrounding medium 
one eas i ly  obtains f rom (26) the r a t e  of heat  ca r r i ed  by the droplet;  this  is  done by changing the sign of u: 

2z~R { ~ 0a 

If  the v i scos i ty  ~?i of the dr.oplet m a t t e r  exceeds  considerably._that of the surrounding med ium ~?e (in 
the l imi t  ~?i/~e ~ )  the veloci ty  u T approaches  z e r o .  The veloci ty  u T a l so  approaches  z e r o  if ~i /~e ' *~ ,  
that  is ,  for ve ry  high t h e r m a l  conduction of the droplet  compared  with that  of the surrounding med ium.  
The sur face  tension a is  a dec reas ing  function oF t e m p e r a t u r e .  T h e r e f o r e ,  one has  ~a /~T < 0, and the r a t e  
u T of hea t  c a r ry ing  g iven  by (27) [s  d i rec ted  towards  the t e m p e r a t u r e  growth.  

F r o m  the fo rmula  (27) the ca se s  of motion of gas  cavi t ies  in fluid a r e  eas i ly  obtained.  To this end 
~?i m u s t  approach  z e r o .  This  y ie lds  

uT = - -  (2• + • ~ (vr~)| �9 (28) 

The veloci ty  of motion of the cavi t ies  exceeds  the veloci ty  of the liquid drople ts  if for  both the s u r -  
rounding medium is  the s a m e .  
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