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The problem is examined of motion of a single spherical bubble with mass trans- 
fer in a swirling liquid flow. It is assumed that the bubble rotates without 
tangential slip while the dissolution process occurs without chemical reaction 
and heat release. A numerical solution is performed of the system of motion 
and dissolution equations by the method of prediction and correction. The 
floating velocity and the change in bubble mass as it moves toward the vortex 
axis are computed. 

The analysis of technological processes associated with gas-liquid phase interact:ion 
is impossible without knowledge of the velocity of gas bubble motion and the mass elimina- 
tion from them. Clarification of the regularities of the motion and dissolution permits op- 
timization of the constructive solutions of industrial apparatus. 

A sufficiently significant number of experimental and theoretical researches [1-4] has 
been devoted to the regularities of liquid and gas motion during bubbling in a twisted layer. 
Different aspects of the processes proceeding in apparatus of rotor type are here investi- 
gated in practice in all the researches. The hydrodynamics and mass transfer in bubblers of 
the vortex change type (with tangential delivery of the liquid) have been studied noticeably 
less [5, 6]. A method is proposed in this paper for the theoretical computation of t~e ve- 
locity of floating and mass elimination from a single spherical gas bubble during bubbling 
in a twisted layer for apparatus of any kind. 

Let us consider interaction of a gas bubble with a twisted weightless liquid flow whose 
motion is characterized by a known distribution of the tangential u ~ and radial u r velocity 
components. 

Motion of a bubble of constant shape during diffuse dissolution is subject to the sec- 
ond Newton law, which in the case under consideration is written in the form 

(m + p~ koV) - -  d~r = ~ '  P~. ( i )  
dr2 i 

The t o t a l  v e c t o r  o f  t h e  f o r c e s  a c t i n g  on t h e  bubb le  c o n s i s t s  p r i n c i p a l l y  o f  t h e  f o l l o w i n g  
f o r c e s  

F~ = P~ + ,~, (2)  
f 

where F e is the expulsion force depending on the pressure distribution over the bubble sur- 
face, and F d is the drag force caused by bubble motion with respect to the liquid. 

The expressions for these forces take the following form in the case under considera- 
tion 

2 

s r ( 3 )  

p. = p ~ D 2 k d  (W~ - -  u~) 2 
~ d  
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Substituting (2) and (3) into (i) and manipulating, and taking into account that W r = dr/dt 
we obtain 

dt = - - ( p g + p ~ k v )  r + 4 ( p g + p s  D " 

Going over the variable t to the variable r in the equation of motion, we perform the follow- 
ing manipulations 

dWT dWT dr 'dWT d [W~ 
d---i--= dr dt = c l ~  W~ -~ --dT- ~ T ) ' 

whereupon  we o b t a i n  t h e  e q u a t i o n  o f  m o t i o n  o f  t h e  gas  b u b b l e  

2 3ps d ( ] / ~ _  ur)2 d E _  2 ( p ~ - ~ . ~  + (4) 
dr (Pg if- Ps kv) r 2 (pg+  p ~k~) D " 

where E = Wr 2. 

The bubble mass can be determined from the equation of state of the gas bubble 

PVM ~D3PM rn . . . .  (5) 
RT 6RT 

We f i n d  t h e  change  in  b u b b l e  mass  a l o n g  t h e  r a d i u s  by d i f f e r e n t i a t i n g  (5 )  w i t h  r e s p e c t  
t o  r w h i l e  t a k i n g  i n t o  a c c o u n t  t h a t  T = c o n s t  

dm z~M [D~dP + dD l 
d ~ - -  6RT T r  3DzP " (6 )  dr ] 

On o t h e r  o t h e r  h a n d ,  t h e  i n t e n s i t y  o f  b u b b l e  d i s s o l u t i o n  can  be r e p r e s e n t e d  in  t h e  fo rm 

a_m~ = Z (r___)__) ( 7 ) 
dr WT ' 

where  I = dm/d t  i s  t h e  i n t e n s i t y  o f  mass  e l i m i n a t i o n  f r o m  t h e  b u b b l e .  E q u a t i n g  t h e  r i g h t  
s i d e s  o f  (6 )  and ( 7 ) ,  we a r r i v e  a t  an e q u a t i o n  d e s c r i b i n g  t h e  change  in  b u b b l e  d i a m e t e r  
as it floats to the axis of rotation 

dP 
D- 

dD 2R TI dr ( 8 ) 
dr ~M ]/-E DiP -- 3P 

form 
In the case of intensive rotation (u ~ >> u r) the functions dP/dr and P in (8) have the 

Ps US 
2 

dP - �9 P = const + ps ; u~ dr. (9 )  
dr r ' r 

T h e r e f o r e ,  by s u b s t i t u t i n g  ( 9 )  i n t o  (8 )  we f i n a l l y  o b t a i n  a s y s t e m  o f  d i f f e r e n t i a l  
e q u a t i o n s  t h a t  d e s c r i b e s  t h e  m o t i o n  o f  a gas  b u b b l e  b e i n g  d i s s o l v e d  in  a t w i s t e d  l i q u i d  f l o w  

dE 2 (p ~-- pg) uS + 3ps (I/E-- u~) z , 
dr (pgq- pfk~) r 2 (pg + p~ k~) D 

(lO) 
D 2 dD 2RTI p ~ u~ 

dr aM -~'-E D2P 3rP 

The initial conditions of the problem are here written as follows 

m(r  1 )=D0 ;  f ( q ) = u ~ ( r  0. 

The s y s t e m  (10)  was s o l v e d  a s  an e x a m p l e  by t h e  n u m e r i c a l  me thod  o f  p r e d i c t i o n  and c o r -  
r e c t i o n  [7] f o r  t h e  c a s e  o f  m o t i o n  and  d i s s o l u t i o n  o f  a S t o k e s  b u b b l e  ( t h e  e x p r e s s i o n  f o r  
t h e  f u n c t i o n  I i s  known f rom [ 8 ] ) :  

I =: - -  2 ] /X  [D] ( ' I /E- -  u:,)ll/2D 3/2 (cp - -  c=). 
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Fig. 2 

Fig. i. Profiles of a bubble radial floating velocity: i) 
r I = 0.15 m; 2) 0.2; 3) 0.25. 

Fig. 2. Relative change in bubble mass for different cham- 
ber sizes: i) r i = 0.15 m; 2) 0.2; 3) 0.25; a) r0 = 0.03 
m; b) 0.015. 

The results of calculations performed for different vortex chamber sizes are presented 
in Figs. i and 2. It was assumed in all the computational cases that the liquid mass flow 
rate and the pressure are constant while the radialand tangential velocity distributions 
have the form 

Qr 
,!2~r~ ' r <~ to, 

u =iO. . 

F 
?. 

The d i s t r i b u t i o n  o f  t h e  b u b b l e  f l o a t i n g  v e l o c i t y  a l o n g  t h e  r a d i u s  o f  t h e  v o r t e x  chamber  
i s  shown in  F i g .  1. A n a l y s i s  o f  t h e  d e p e n d e n c e s  o b t a i n e d  p e r m i t t e d  mak ing  t h e  d e d u c t i o n  t h a t  
t h e  f l o a t i n g  v e l o c i t y  p r o f i l e  f o r  c o n s t a n t  mass  f l o w  r a t e  and p r e s s u r e  on t h e  chamber  a x i s  
i s  i n d e p e n d e n t  o f  t h e  v o r t e x  chamber  d i a m e t e r .  A change  in  t h e  chamber  d i a m e t e r  r e s u l t s  i n  
c h a n g e s  in  t h e  f l o a t i n g  v e l o c i t y  p r o f i l e  i n  t h e  a c c e l e r a t i o n  s e c t i o n .  For  a c o n s t a n t  f l ow  
s w i r l  i n t e n s i t y  F t h e  c h a n g e s  in  t h e  chamber  o u t e r  d i a m e t e r  r e s u l t s  i n  f l a t t e n i n g  o f  t h e  
p r o f i l e  i n  t h i s  s e c t i o n .  

The d e p e n d e n c e  o f  t h e  r e l a t i v e  ch ange  in  b u b b l e  mass  a l o n g  t h e  r a d i u s  i s  r e p r e s e n t e d  
in  F i g .  2 f o r  d i f f e r e n t  c e n t r a l  h o l e  d i a m e t e r s  and chamber  d i a m e t e r s .  I t  i s  s e e n  f r o m  t h e  
f i g u r e  t h a t  t h e  mass  e l i m i n a t i o n  depends  s u b s t a n t i a l l y  on t h e  q u a n t i t y  ( r l  - r 0 )  when t h e  
r o t a t i o n a l  v e l o c i t y  p r o f i l e  i s  c o n s t a n t .  The mass  e l i m i n a t i o n  i n t e n s i t y  d r o p s  w i t h  t h e  
a p p r o a c h  t o  t h e  chamber  a x i s  b e c a u s e  o f  t h e  i n c r e a s e  in  t h e  r a d i a l  f l o a t i n g  v e l o c i t y .  Dim- 
i n u t i o n  of the inner diameter of the central hole results in diminution of the mass elimina- 
tion since the floating velocity grows here. 

In particular, the investigation performed permits making a practical deduction that it 
is expedient to manufacture a bubbler in the form of a vortex chamber with low height and 
possibly large diameter to raise the degree of gas dissolution in a liquid without substan- 
tial change in the gas bubble motion. 
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LASER PLASMA IN A VACUUM AS AN INTENSE SOURCE OF UV 

RADIATION 

A. P. Golub' and I. V. Nemchinov UDC 533.951 

By using estimates and numerical simulation it is shown that an aluminum plas- 
ma sustained by C02-1aser radiation can radiate intensively in a vacuum in the 
hard ultraviolet range. High values of the conversion coefficient are achieved 
for lower radiation flux densities than in the neodymium laser case. 

A plasma initiated by a "burst" of absorption [1-3] into disintegrating erosion vapors 
occurs on the surface of an opaque obstacle in a vacuum under the action of IR band laser 
radiation. If further action is realized under plane one-dimensional motion conditions, then 
as the geometric and optical thicknesses of the plasma layer increases a considerable part 
of the delivered laser energy can be converted into thermal radiation energy emitted by a 
plasma in a vacuum [4-6]. In that case, when the geometric thickness of the vapor layer be- 
comes commensurate with the characteristic dimension of the spot being irradiated, a self- 
consistent vapor scattering and heating mode is set up [7-9] because of expansion in the side di- 
rection, where the gasdynamic and radiation parameters achievable at the end of the plane 
stage are maintained by laser radiation at a quasistationary level. Estimates [9-11] and 
experiments [10-13] show that in this case reradiation can also be a sufficiently substan- 
tial factor. Among the distinctive features of a laser plasma in a vacuum should be the 
possibility of heating it to high enough temperatures to assure emission of radiation of 
the necessary hardness down to the far vacuum ultraviolet and soft x-ray. The efficiency 
of plasma heating is increases as the energy of the laser quanta diminishes. Meanwhile, 
the optical thickness of the plasma heated in a self-consistent mode drops for its intrinsic 
thermal radiation. It is interesting to investigate how the radiation properties of a laser 
plasma change here. 

The thermal radiation of a plasma was examined in [4-6, 9-13] just for the Nd-laser 
case. By using estimates and numerical computations the reradiation of an aluminum plasma 
with characteristic dimension of approximately 1 cm sustained by CO2-1aser radiation at 
moderate flux densities, namely, 10-104 MW/cm 2, is investigated in this paper. A compari- 
son is also made with the case of Nd-laser radiation action. Lateral broadening of the 
plasma jet is simulated by spherically symmetric motion. 

i. The plasma energy losses due to its intrinsic thermal radiation are determined by 
the temperatures achieved therein, the densities, and the characteristic dimensions of the 
plasma. 
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