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A P E C U L I A R I T Y  I N  M E A S U R I N G  T H E  D I S P E R S E  D R O P  

C O M P O S I T I O N  IN A T W O - P H A S E  S T R E A M  

V .  V .  U s h a k o v  UDC532.529.5 

The paradox of repea ted  drop breakup  in a two-phase  s t r e a m  is cons idered .  A method of m e a -  
sur ing the i r  s l ip  coefficients is p roposed .  

The c r t t e r i a l  condition for  s tab i l i ty  of drops  [1] 

2rpguZ ~ r 10.6 (1) 

a Y 1 train�9 

is known in computat ions of the heat and m a s s  t r a n s f e r  assoc ia ted  with a i r  a tomiza t ion  of fluids.  

The  exis tence  of a l imit  d rop  s i ze  r --- r m i n  which is s tab le  in any high-speed s t r e a m  dictated the mutual  
influence of aerodyrmmie  forces  and iner t ia  and deformabi l i ty  of the  drops  [!]. For  water  r m i  n = 23 t~. At 
the  s a m e  t ime ,  it has been  detected in [2] that  the m a x i m a  of the m a s s  s p e c t r a  of water  drop~ de te rmined  by 
the  method of light sca t t e r ing  in the cyl indr ica l  par t  of a Venturi  tube (throat) shift  toward s m a l l e r  s i zes  as 
the  checked sect ion is r emoved  f r o m  the ent rance  Into the th roa t .  The authors  in te rpre ted  this fact as the r e -  
sutt  of repeated  breakup  of the drops  of turbulent  gas pulsat ions,  which contradic ts  (1). Indeed, according 
to  the t e s t  conditions in [2], the veloci ty of blowing the c o a r s e s t  u 0 = 120 m / s e e  in the f i r s t  checking s ee -  
"tion {x 1 = 30 mm) for  u 0 = 120 m / s e e  was known to  be less than 120 m / s e e ,  and t h e r e f o r e  [according to (1)] 
drops  of radius  ---50 t~ should be s tab le  under subsequent  t ranspor ta t ion .  

The continuous breakup of d rops  i n a  turbulent  s t r e a m  observed in [3] does not contradic t  (1), but a lso  
does not conf i rm the  deduction in [21, s ince  the immisc ib l e  fluids in [3] posses sed  the identical  densi ty  and 
su r f ace  tens ion  ( f ine-scale  turbulent  pulsations were  studied),  while Og << of in [2]. 

We t r ied  to  show the p re sence  of another ,  purely k inemat ica l ,  r eason  for  the  t r a n s f o r m a t i o n  of the s ize  
spec t rum observed in the sec t ion  of d rop  acce l e r a t i on  by the  gas s t r e a m .  We have In mind one pecul iar i ty  in 
measur ing  the d i s p e r s e n e s s  in a two-phase  s t r e a m ,  which has st i l l  not rece ived  a c l ea r  exposure  in the l i t e r -  
a tu re .  

As is known, the mass  s p e c t r u m  g(r ,  x) in a two-phase  s t r e a m  is understood to  be  the m a s s  f rac t ion  of 
drops  supplied by unit volume of gas .  Hence, the flow r a t e  of d rops ,  whose rad i i  lie in the in te rva l  dr ,  in a 
sec t ion  x is 

dq(r, x)= Qfg(r, x)dr = mg(r, x)v(x)S(x)dr, (2) 

s ince m = Qf/Qg and Qg = v(x)S(x). 

If the drops  being t r anspor t ed  in the in terva l  {x 1 --  x2} re t a in  the i r  s i ze  (no ceagulat ion or breakup) ,  
• gO:, xt) = g(r ,  x2). 
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Besides  the  function g( r ,  x) it is poss ib le  to  introduce a l so  gs (r, x) and to  wri te  the  d rop  flow r a t e  in 
the  following f o r m :  

dq(r, x)---Mgs(r, x)v(r, x)S(x)dr. (3) 

Equating (2) and (3) and taking account  of normal iza t ion  of both dis t r ibut ions 

i g(r, x)dr ---- ~g, (r, x)dr = 1  (4) 
0 0 

w e  obtain a f t e r  s i m p l e  manipulat ion 

v(x) g(r, x) / (' v(x) % 
g'("' = x) .} gt 

0 

(5) 

g(,', x ) =  ,:) / x) (,', 
v (x) g, (r, x) g, (6) 

I J v(x) 
0 

All the  methods of r eco rd ing  the  d rop  d i s p e r s e n e s s  in a two-phase  s t r e a m  mus t  be sepa ra t ed  ins two 
c l a s s e s  accord ing  to  (5)-(6): in the f i r s t ,  the  t r u e  (continuous) s p e c t r u m  g( r ,  x), and in the second,  the "photo- 
g raph ic"  s p e c t r u m  gs (r, x). 

The  f i r s t  c lass  includes the  method of d rop  deposi t ion on an i m m e r s i o n  layer  [4], the  pulse-count ing 
method desc r ibed  in [5], the continuous photoelect r ic  counter ,  e tc .  

The  l igh t - sca t t e r ing  method is among the photographic c lass  of methods .  The  readings  of the  record ing  
dev ice  (a mi l l ivo l tmete r )  a r e  coupled functionally to  the concentra t ion  of drops  in the  exposed volume of the  
pipel ine.  As follows f r o m  (5), the  s i ze  s p e c t r u m  measu red  by  this method does not r e t a i n  its shape  o n t h e  
sec t ion  of acce l e r a t ed  drop  motion even in the  absence  of coagulat ion and breakup,  were  gs( r ,  x ) - - g ( r ,  x) 
a s  X ~ ~ ,  

T r a n s f o r m a t i o n s  of the  s p e c t r a  gs (r, x) when going f rom the sec t ion  x 1 = 10 m m  to the sec t ion  x 2 = 300 
m m  a r e  shown in Fig.  1 for  a typica l  g( r ,  x) d is t r ibut ion  [5]. A change in the drop  veloci ty  in the cyl indr ical  
sec t ion  was t r a ced  by means of the known equation [1] 

4 ~rsdv(r, x) 1 14 ~r2u2(r, x), (7) 
Pf ~ dt = 2 I / ~  

whose solut ion with the boundary and init ial  conditions of i r~eres t  to  us Iv(x) = u0, v( r ,  0) = 0] has the fo rm 

t = B  V Y  V ~  ' (8) 

1 =  -Vc , (9) 

where  

The  following values a r e  given to the p a r a m e t e r s  enter ing into (8) and (9): pg = 1.1 k g / m  s, Of = 10~ kg/  
m 3, # = 1 6 . 1 0  -~ n s e c / m  2, and u0 = 100 m / s e c .  The dis t r ibut ion curves  a r e  plotted to the accu racy  of the n o r -  
realizing constant  C. 

It  is easy  to  s e e  f r o m  the graphs  p r e s e n t e d  and the  re la t ionship  (5) that  the veloci t ies  of both phases  
f la t ten out at a spacing of ~300 m m  f r o m  the ent rance  to the t h roa t .  

A k inemat ic  t r a n s f o r m a t i o n  of the s p e c t r a  gs (r, x) d i sc loses  the possibi l i ty  of measur ing  the drop  s l ip  
coefficients [ v ( r ,  x)/v(x)] by using the appara tus  of the l igh t - sca t te r ing  method.  

Let the s p e c t r a  gs ( r ,  x t) and gs ( r ,  x 2) be recorded  i n t h e  sect ion 1 and 2 of a pipel ine.  Here  and hence-  
for th,  the subsc r ip t s  1 and 2 r e f e r ,  r e spec t ive ly ,  to  the check sec t ion  and to  where  the veloci t ies  of both 
phases  f lat ten ou t .  This  la t ter  will be sa t is f ied  if x 2 --  x i ~ 0.5 m.  Moreover ,  let us consider  that  the drop 
s tabi l i ty  condition is sa t i s f ied  in the  in te rva l  {xI - -  x2} �9 while d rop  coagulation exer ts  no subs tant ia l  influence 
(see below) on t r a n s f o r m a t i o n  of the s p e c t r u m  g{r, x). Then for  s teady flow 

M,g~(r, xl)v(r , x,)Sldr= M.~g~(r, x2)v(r, x~)S2dr. (10) 
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Fig. 1. Theoretical drop size distributions gs(r, 
x) at a spacing of 10 mm (1) and 300 mm (2) from 
the  ent rance  to  the t h roa t .  The  dashed-dot  cu rve  
is the d is t r ibut ion g( r ,  x): r ,  ~. 

Since v0c, x 2) = v(x 2) and v(xt)Sl = v(x2)S2, (10)is r ewr i t t en  as fol lows: 

v(r, xl) M z g,(r, x2) 
v(xO - M~ e,(r,  xO f l u  

Using the  law of at tenuat ion of the  intensi ty of a pa ra l l e l  light beam pass ing through a layer  of polydis-  
persed  ae roso l  of th ickness  l [6] 

1 (l) = Z (0) exp [ - -  Nl ~K (r) y, (r) ntadr, 0.2) 
0 

as well  as the re la t ionship  between the counting and mnss  concentrat ions 

' i M = -~npf N y, (r) rSdr, (13) 
0 

we have 

where  

M 4 I 7 I(0) t14) 
= -~ ~- of T In 1(t--T' 

0 0 

= .f /.Iv. (16> 
0 0 

If it is t aken  into account that  K = 2 for  par t ic les  of s i ze  >- 2 ~ (see [10]), then we obtain f rom (11) and (14) 

v(r~.xO gs(r, x2)r211F lnl(O)/l(l~) - . (17) 
v (xl) gs (r, x 0 ril2 L j l n  I (O)H (l 0 

F r o m  the viewpoint of spa t ia l  and s t ruc tu ra l  resolut ion,  l a s e r  d i f f rac t ion s t ruc tu re  m e t e r s  possess ing  
a fine monochromat ic  light beam a r e  most  p re fe rab le  for  d rop  veloci ty  m e a s u r e m e n t s  according  to  the  a lgo-  
r i thm (17). 

The  a lgor i thm (17) is su i tab le  for  ae roso l s  of any d i s p e r s e n e s s ,  including monod i spe r se ,  but is r a t h e r  
awkward in technica l  r e s p e c t s .  In the typ ica l  case  of a continuous s p e c t r u m ,  the r a t i o  of the  m a s s  concen t r a -  
t ions in (11) can be  found by a s i m p l e r  means [7] by using the pas sage  to  the l imit  

M_~2= lira v(r, xO l img,(  r, xl) . (18) 
M 1 r+O v(xl) r+ogs(r, xr 

Since v( r ,  xt) - -  v(x t) as r -,- O, then (11) becomes  

v(r, x l ) _  g6(r, x2)limgs(r, x 0 (19) 
v(x 0 g,(r, xl)r+og,(r, x~) 
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The confidence in the slip coefficients computed by means of (19) is justified by the fact that the ratio 
v(r, xt)/v(xl), and therefore gs (r, x2)/g s (r, x0, varies between insignificant limits (10-30%) in the range r - 
I0#, 

As has been noted above, the relationships (17) and (19) are valid when the probability of any drop from 
the size spectrum passing through all the rest  is close to one in the section {x 1 -- x2}. In turn, this means 
that the effective volume being treated by the drops per unit volume of gas is considerably less than one; i .e . ,  

n ~2u (r: x) dt ~( 1. (20) 
0 

According to the recommendations in [8], the polydisperse flow in (20) is replaced by a monedisperse 
flow with the effective radius r; ~-~2udt is the volume processed by the drops in the time dt. 

Using (9) and (13) in (20), we have 

7 / "  ~tpg . 
m << 71 2 z- (21) 

According to the results of [1,2, 9] and others, ~ = A/u 0 with the coefficient A = (2-3) �9 10 -3 m2/sec. 
Taking this into account in (21), we obtain m << 0.2 kg/m 3, i .e . ,  it is sufficient to select m ~ 0.02 kg/m 3. 
According to experimental results [9], drop coagulation is negligible up to m = 0.05 kg/m 3. 

N O T A T I O N  

r ,  drop radius, m; pf, pg, fluid and gas densities, respectively, kg/m3; ~, surface tension, N/m; u, 
velocity of drop blowing, m/sec;  u 0, gas velocity in the cylindrical section of the pipeline, m/sec;  x, spacing 
from the entrance to the cylindrical section, m; Qf, fluid flow rate, kg/sec; Qg, gas flow rate, m3/sec; 
S (x), area of pipeline section, m2; v(x), gas velocity in the section x, m/sec;  v(r, x), drop velocity in the 
.section x, m/sec;  m, M, drop masses per unit volume of gas and space, respectively (in a fixed reference 
system), kg/m3; g(r, x), gs (r, x) mass size distributions of drops per unit volume of gas and space, respec- 
tively; t ,  t ime, sec; #, gas viscosity, N.see/m2; Re = 2rupg/p, Reynolds number for the drops; I(/), light 
intensity passing through an aerosol layer of thickness l;  fs (r), counting distribution function; n, N, numbers 
of drops per unit volume of gas and space, respectively; K(r), light-scattering coefficient by a drop; 5, mean 
Sauter radius of the drops. 
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