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On the bas i s  of phys ica l  hypotheses ,  the au thors  p ropose  a de t e rmin i s t i c  model  of a s t r e a m  
of d rop le t s  resul t ing  f r o m  the f ragmenta t ion  of a jet. The radia t ive  energy  lo s ses  he re  a r e  
calcula ted on the bas i s  of the g e o m e t r i c a l - o p t i c  approximat ion.  

The p rob l e m  concerning the magnitude of t h e r m a l  radia t ion l o s se s  in a s t r e a m  of drople t s  a r i s e s  in 
some me ta l l u rg i ca l  s i tuat ions where  the c rys ta l l i za t ion  of ingots and cas t ings  is to be acce le ra ted .  An 
a t t empt  was  made in [1, 2] to solve this p rob l em for  the case  of monod i spe r se  s t r e a m s .  

In rea l i ty ,  however ,  s t r e a m s  of d rop le t s  a r e  po lyd isperse .  F o r  this r eason ,  the au thors  p ropose  
he re  a de te rmin i s t i c  model  of an axial ly  s y m m e t r i c  s t r e a m  resul t ing  f r o m  the f ragmenta t ion  of a je t  and 
containing drople t s  of var ious  s izes .  

It is a s sum ed  that,  where  the je t  f ragmenta t ion  occu r s ,  the ve r t i c a l  ve loci ty  component  of a l l  drop-- 
le t s  is the s ame  and equal  to the jet  velocity.  At any o ther  sect ion along the s t r e a m  the ve r t i c a l  veloci ty  
component  is affected by the force  of g rav i ty  only. 

The radia l  m om en t um  component  is a l so  a s sumed  the s ame  for  d rop le t s  of any s ize ,  namely  

4 ~63pU(6) = idem (1) 

and to be de t e rmined  by the mode  of jet  f ragmenta t ion .  Final ly ,  the t r a j e c t o r i e s  of d rop le t s  inside the 
s t r e a m  a r e  a s s u m e d  not to in te rsec t .  

It follows f rom all  these  assumpt ions  that  the s ize of d rop le t s  d e c r e a s e s  monotonical ly  along the 
rad ius  of the s t r e am .  The s m a l l e s t  d rop le t s  a r e  on the p e r i p h e r y  and the l a rge s t  d rop le t s  a r e  in the c e n -  
t r a l  region. Inside the s t r e a m  there  is an axial ly  s y m m e t r i c  cavi ty  not containing any drople ts .  Based on 
the au thor s '  obse rva t ions ,  al l  s t r e a m s  of d rop le t s  resu l t ing  f r o m  the f ragmenta t ion  of a je t  by va r ious  
methods  have such a s t ruc tu re  --  at  l ea s t  qual i tat ively.  

F o r  the purpose  of ca lcula t ions  accord ing  to our  scheme ,  we m u s t  s t ipulate the following quanti t ies:  

1. the c r o s s  sect ion a r e a  F 0 of the je t  before  f ragmenta t ion ,  o r  the radius  R 0 of the " inle t  sect ion" 
of the s t r e a m ;  

2. the volume flow ra te  Q0 of the meta l ;  

3. the " ape r tu r e "  angle 2~ of the s t r e a m  of d rop le t s  n e a r  the inlet  section; 

4. the t e m p e r a t u r e  T O of drople t s  at  the inlet sect ion,  the emi s s iv i t y  e 0 of d rop le t s ,  the emi s s iv i t y  
e c of the " c h i l l e r , "  the  su r face  t e m p e r a t u r e  T c of the ch i l le r ,  and the su r face  a r e a  F c of the 
chi l le r ;  

5. the length H of the drop le t  s t r e a m ;  

6. the s i ze -d i s t r ibu t ion  function of d rop le t s  a t  the inlet sect ion 
8 = 8 (r'); 

7. the concent ra t ion  d is t r ibut ion  of d rop le t s  at  the inlet  sect ion 

N = N ( r ' ) .  
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Fig. 1. Dis t r ibut ion of drople t  t e m p e r a t u r e s  along the 
height and a c r o s s  a sect ion of the s t r e a m :  (a) basic  
va r ian t ;  (b) N = w(r')5; (c) 6ma x = l m m  and 6rain=0.1 
m m ;  (d) 6ma x = 0 . 6 m m  and 6mi n = 0 .4ram.  

It follows f rom e l e m e n t a r y  cons idera t ions  of ba lance  that  functions 6(r ')  and N (r ') a r e  in t e r re l a t ed  
so as  to l imi t  the f r eedom in stipulating function N (r ') a rb i t r a r i l y .  This  re la t ion  s ignif ies  the r e q u i r e m e n t  
that  the flow ra te  of m e t a l  be the s ame ,  whe ther  e x p r e s s e d  in t e r m s  of the d is t r ibut ion function 6(r ') and 
concent ra t ion  N(r ' )  at  the inlet sect ion or  e x p r e s s e d  in t e r m s  of "global" p a r a m e t e r s :  the radius  of the je t  
inlet  sect ion and the je t  ve loci ty  at  that  sect ion 

R0 

j " 4 , S s ( t . , ) N ( r , ) r , d r ,  =.~/~Uz(0). 2 , U z  (0) 3 

0 

Under the given a s sumpt ions ,  the t r a j e c t o r i e s  of all  d rople t s  of any given fixed s ize  fo rm a c o m -  
ple te ly  defined axial ly  s y m m e t r i c  sur face .  The equation of such a su r face  in d imens ion les s  coord ina tes  
will  be 

2 ( Im'~ 'i a [ x | /~ - - in ( l  -;-Xa ~)]. 
n (z, %) = ~1~ (0 -;- 7 tg c,. ~, z .~ " 

The equation of the outer  su r face  of the s t r e a m ,  fo rmed  by the sma l l e s t  d rop le t s ,  is 

2 
~max(~) = 1 + - ~ t g a [ x  Z ~ - - l n ( l + x | / ~ ) ] ,  (3a) 

and the equation of the su r face  of the inner  cavi ty  is 

The  veloci ty  of a drople t  with the d imens ion  I in any hor izontal  plane ~ is in d imens ion les s  fo rm:  

V = e. (train~l) a tg  c~ + e z (1 § x P~-). (4) 

The concent ra t ion  of d rop le t s  in any hor izonta l  plane is 

1 %(l) q[q,(Z)] @' (I) / Oq(l, ~) (5) c ['q ( l ,  ~), 
i---4-x]/-~- rl(l, ~ d l  _ Ol 

The sur face  fo rmed  by the t r a j e c t o r i e s  of a l l  d rop le t s  with the d imens ion  l has an a r e a  

h 

=2. ~I(l, ~)|/ 1 +  (Oq)' d~. (6) S (l) 
,) v \ 0~ ) 
0 
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The total a r e a  of the median section of the vohtme of droplets  bounded by surface  S(/) and the outer  
surface  of the s t r eam is 

. \--77x: (1 + x g ~ )  ~ 
l o 

• l ~ l  (t~) dnl (t~) c~ [nl (t~)] dtx. (7) 
dll 

The mean-ove r - the -pa th  r e fe r red  emiss iv i ty  of a droplet  with the radius l has been calculated according to 
the "shielding" formula  [3], under the assumption that all droplets  surrounding a fixed " t ra jec to ry  surface" 
may be regarded approximately as an a r r a y  of "shields" with a total surface a rea  F r :  

S (0 ] e~ q) 

The heat losses  due to radiation f rom droplets  of any size l at a distance ~ f rom the inlet section a re  

. 1 dg. (9) 
0 

Assuming now the la rges t  size of droplets  not to be excess ive  and the thermal  conductivity of the 
droplet  mate r ia l  (metal) to be high, one may d i s regard  the t empera tu re  gradient  inside a droplet.  The 
dimensionless  t empera tu re  of a droplet  of size l in the horizontal  plane ~ will then be determined according 

to the formula:  

where 

1 [ io(1) - -q( l ,  ~.) 

0(l, ~) = { 1; 

i o ( 0 - - q q , ~ )  ; 
l 3 

7 
K - -  1[ q- 1, i o - q > l a ( K = - l ) ;  

l'~ < io - -  q~.< lS(K q - 1); 

io - -  q <~ 13; 

(I0) 

io(1) =/a [y(0  o - -  1) -~ K-~- i]. (11) 

Equations (9) and (10) mus t  be solved simultaneously.  Numer ica l  calculat ions were  actually made on 
a "Dnepr" computer .  As the basic "variant"  we had selected the following one: the droplet  ma te r i a l  to be 
s teel  with p = 7000kg/m 3, T s = 1753~ R 0 = 0.03 m, Q0 = 0.008 m3/sec  (approximately 10 tons in 3 rain), 
a = 45 ~ T O = 1823~ e 0 = 0.5, e c = 1.0, T c = 273~ F c = 10~m 2, H = 1.5 m, 6 m a  x = 3 m m ,  ~min = 0 .3ram,  

r' 6max - -  6 R0; N ( r ' )  = (or'. 
~max - -  ~mln 

P a r a m e t e r  co was determined f rom condition (2). 

The resul t s  of these computations a re  shown in Fig. la.  We computed the concentrat ion distr ibution 
of droplets  at the inlet section according to the law N(r ' )  = c~(r') 5 (Fig. lb),  the dec rease  in droplet  size 
to one third at a constant  rat io 6min/6ma x (Fig. lc) ,  the dec rease  in rat io 6min/6max at a constant  average  
droplet  size (Fig. ld),  and the "aper ture"  angle of the jet was increased  up to 60 ~ 

The resul ts  show that decreas ing  the size of droplets  will acce le ra te  the i r  cooling. Methods of jet 
f ragmentat ion yielding a maximum quantity of droplets  at the jet per iphery  (Fig. lb) are  somewhat p r e -  
ferable ,  inasmuch as the t empera tu re  of droplets  will then be distr ibuted m o r e  uniformly over  a s t r eam 
section. Still more  uniform cooling of droplets  in a s t r eam is attained when this s t r eam is made a near ly  
monodisperse  one (Fig. ld). Then, unlike in the other  var iants ,  a sizable cavity fo rms  in the centra l  
region of the s t ream.  Increasing the aper ture  angle also causes  droplets  to cool more  uniformly over  a 
s t r eam section. 

N O T A T I O N  

U0 = Q0/TrR2 
r ,  z 

is the charac te r i s t i c  velocity;  
a re  the axial coordinates;  
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fo = 4/37rR~osesT s 
Ts  

is the rad ia l  coordinate  at  the " inle t  sect ion" of a s t r e a m ;  
is the drop le t  radius ;  
a r e  the ve r t i c a l  and the rad ia l  veloci ty  components ;  
is the g rav i ty  acce le ra t ion ;  
IS 

IS 

IS 

IS 

IS 

IS 

l S  

is 
is 

the S tefan- -Bol tzmann constant ;  
the heat  content  in a drople t  of radius  5 at  t e m p e r a t u r e  T = To; 
the densi ty of the liquid m a t e r i a l ;  
the densi ty  of the solid m a t e r i a l ;  
the specif ic  heat  of the liquid m a t e r i a l ;  
the specif ic  heat  of the solid m a t e r i a l ;  
the specif ic  heat  of c rys t a l l i za t ion  (solidification); 
the c h a r a c t e r i s t i c  value of the heat  content; 
the c rys t a l l i za t ion  (solidification) t e m p e r a t u r e ;  

71 = r/R0; ~? = r ' /R0;  ~ = z/R0; 1 : 6/R0; V~ : Uz/fJ0; V~? : U(rS)/U0; x = 2~-R-0/U0; T : PLCL/PsCs;  K : p / c  s 

TS; i~ 2) - I~5)/I0; Sk = (3crT~)/(2U0PsCs); 0 = T / T s ;  cl(~l  ) = (4/3)~N(r')R3; fc = Fc/R20 . 

S u b s c r i p t s  

L r e f e r s  to liquid; 
S r e f e r s  to solid; 
o r e f e r s  to " in le t  sect ion";  
c r e f e r s  to "ch i l l e r " ;  
r e f  m e a n s  r e f e r r e d .  

1~ 

2. 
3. 
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