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We discuss  an optical method for  measur ing  the density distribution of a solid admixture 
with a nar row pa r t i c l e - s i ze  distribution function by the intensity of the scat tered light. A 
compar i son  of measurements  made by the optical method and by a probe shows the sui t-  
ability of the optical method for  a number  of types of two-phase flows. 

Suction probes  [1] are  commonly used to obtain information on the distr ibution of a solid admixture 
in two-phase flows of the g a s - s o l i d  par t ic les  type. By per forming probe measurements  under isokinetic 
conditions [2, 3] the distr ibution of the discharge mass  concentrat ion can be determined.  The method has 
a number  of mer i t s  but also has fundamental shortcomings which limit its range of applicability: the long 
t ime required for  the measurements  and the related large  discharge of the solid admixture; the necess i ty  
of determining the magnitude and direct ion of the velocity of the continuous phase, which is a complexprob-  
lem in spatial two.phase flows; the necess i ty  of orienting the probe inlet along the velocity of the contin- 
uous phase; the high abrasive wear  of the probe inlet, par t icu lar ly  for  flow velocit ies of 100 m / s e c  and 
higher. The facts mentioned prompt  a search  for  more  efficient methods of measur ing  the distribution 
of the solid admixture.  

A noncontact optical method based on the dependence of the intensity of sca t tered  light on the p rop-  
er t ies  of the scat ter ing medium is very promis ing  for  a cer ta in  c lass  of two-phase flows. In general,  this 
dependence has a very  complex charac te r ,  but if the pa r t i c l e - s i ze  distribution function retains its form, 
on the basis of known ratios [4] for  two ra ther  small  flow regions with coordinates x i, Yi, and x k, Yk we 
can write 

P~d (xi' Yi) __ I (]3, x~, Yi) I0 (xk' Yk) (1) 
0~,~ (~h: yk) ~ (~, ~ ,  yk) zo(% y~) ' 

where I0(x, y) is the intensity of the incident beam in volume v with coordinates x, y; I(fl, x, y) is the in- 
tensity of the light scat tered in volume v at angle fl with the direct ion of the incident beam; Psd is the dis-  
pers ion  density or  the density of the d iscre te  admixture distribution, i.e., the mass  of par t ic les  in a unit 
volume. 

Assuming that the Bouguer law holds for  the medium under study and that according to [5] this law 
is valid in cer ta in  cases  up to optical densities of the o rder  ~ = 12, Eq. (1) can be rewri t ten  to take account 
of the attenuation of the incident and scat tered  beams:  

Psd (x~, Yi) L0 0 

(~, xg, Yk) exp K (x, y) dl -z  S 
0 

where K is defined by the express ion  

K (x, y) "- .V o (x, y) f K (p, m) :zr2]~ - (r) 

] 
K (x, y) rill 

3 (2) 

K (z, y) dl]'  

dr. (3) 
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Here  p = 2zr/)~ is the diffract ion p a r a m e t e r ;  K(p, m) is the par t i c le  
at tenuation factor ;  I is the intensity of the light outside the volume 
of the sca t t e r ing  medium.  It should be noted that  K(p,  m) may vary  
f r o m  1 to 2 [6] depending on the recording  conditions.  We introduce 
the notation 

(x ,  ~r d y  = ~1 (x)  = In ~, K 

~K (x, y) dx = ~~ (y )  = l n  ~ S - ,  
- 7: 

where the in tegra t ion  is p e r f o r m e d  along the appropr ia te  beam,  and 
the meanings  of the symbols  I0- , ~0 +, and I~-, and I~ + can be seen 
f r o m  Fig. 1. 

The values of the exponents cha rac t e r i z ing  the total a t tenua-  
tion can be de te rmined  very  s imply  by select ing a suitable sy s t em 
of m e a s u r e m e n t  for  objects  with cen t ra l  o r  axial  s y m m e t r y .  In the 
f i r s t  case  for  sca t t e r ing  angles /3=90 ~ and scanning of the optical  
s y s t e m  in the xy plane along the y axis pass ing  through the cen te r  
of the sca t t e r ing  medium,  it can be shown f r o m  (2) that  

P~a (0, o) 7{P. 0, 0) exp ] 2 / 

Fo r  a s i m i l a r  measu r ing  scheme but with a smal l  angle of s c a t t e r -  
ing with r e spec t  to the d i rec t ion  of the incident beam,  Eq. (2)becomes 

P~a (x, y) 7(p, ~. 0) exp ['q (y) -- ~2 (0)]. 

The at tenuation of the incident and sca t t e r ed  waves  can be found 
f r o m  Eq. (3) by the method of success ive  approximat ions ,  taking as 
the initial approximat ion  

K(O) (x, y) = ,- 7 (p, x, u) " Y(P, o, o)" 
�9 7 ( ~ , ~ - ,  o) 

As noted above a sufficient condition fo r  sa t i s fying Eq. (1) is the p r e s e r v a t i o n  of the p a r t i c l e - s i z e  
dis tr ibut ion function. Actually,  in m o s t  two-phase  ae rodynamics  p r o c e s s e s  there  is a ce r t a in  dis tor t ion 
of the p a r t i c l e - s i z e  d is t r ibut ion function, and the re fo re , the  method cons idered  can yield re l iable  i n fo rma-  
tion on the d is t r ibut ion  of d i spe r s ion  density only in flows with sufficiently na r row p a r t i c l e - s i z e  d i s t r ibu-  
t ion functions.  Even  when this  condition is sa t i s f ied  i ts  applicabi l i ty  mus t  be tes ted for  each c lass  of flow 
by c o m p a r i s o n  with the resu l t s  obtained by an independent method.  It should be noted that such a c o m p a r i -  
son is not a ver i f ica t ion  of the p r e s e n t  method,  which is accura te ,  but a tes t  of whether  the assumpt ions  on 
which the method is based  are  sa t i s f ied  in actual  two-phase  flows. A c o m p a r i s o n  was made with the i so -  
kinetic p robe  method for  flow in a c i r c u l a r  tube of a two-phase  submerged  jet,  and in a radia l  two-phase  
jet  under  subsonic flow condit ions.  The m a x i m u m  e r r o r  of the probe  method, de te rmined  by a compar i son  
of the flow ra te  computed f r o m  the p ro f i l e s  of the m a s s  flow rate  with the total  flow rate  of the admixture ,  
is 10%. The ins t rumen t  e r r o r  is de te rmined  by the l inear i ty  of the scheme and is ~3~.  

The a r r a n g e m e n t  shown in Fig. 2 was used to m e a s u r e  the dis tr ibut ion of the d i spe r s ion  density in 
a radia l  two~phase jet .  Its main  e lements  a re :  an LG-75 l a s e r  operat ing in a mul t imode reg ime (1); a 
c i r c u l a r  disk with 32 holes modulat ing a light b e a m  with a f requency of 1600 Hz (2); a polar iz ing light f i l t e r  
fo r  varying the intensity of the light b e a m  (3); a c i r c u l a r  d iaphragm with a I - r a m - d i a m e t e r  opening (4); 
hinged m i r r o r s  (5); the volume of the d i spe r s ive  med ium under  study (6); a long focal length lens F = 220 
m m  (7); a photomulf ip l ie r  and plane d iaphragm (8). The dashed line shows the p las t i c  channel. 

The equipment  opera tes  in the following way: The modulated light beam p a s s e s  through the volume 
under  study. Pa r t  of the light s ca t t e r ed  in the volume being probed  fal ls  on lens (7) and is pro jec ted  onto 
d iaphragm (8). The signal  f r o m  the photomul t ip l ie r  p a s s e s  through the cathode fol lower  (9) and is fed into 
a V 6-4 na r row-band  ampl i f i e r  (10). The signal ampli tude is r ecorded  continuously by a KSP-4 po ten t iom-  
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e ter .  The absence of nonlinear distort ions is controlled by an SI-5 osci l lograph {12). The rat io ~0/~ is 
measured  with the same ar rangement .  The volume v being probed extends 5 mm along the x axis. 

A s imi lar  measur ing  scheme is used to investigate the two-phase submerged jet. 

The velocity of the solid admixtureVs is measured  by a modified l a se r  Doppler ve loc imeter  [7]. The 
e r r o r  of the measurement ,  determined by comparing the velocity of smoke par t ic les  measured  by the 
l a se r  Doppler ve loc imeter  and the velocity of the gas by a Prandtl  tube, is 4%. 

The d iscre te  admixture usedwas powdered e lectrolyt ical ly produced corundum with weighted-mean s izes  
of 19, 26, 42, 54, and 87p shown by the his tograms in Fig. 3. 

Profi les  of the relative mass  flow rate of the admixture qs =PsdVs in the plane of symmet ry  of the 
radial two-phase jet obtained by probe (black points) and optical (light points) methods are shown in Fig. 4 
for  admixture s izes of 54/~ (a) and 19 p (b) and discharge mass  concentrat ions ~ = 1.0 and 0.6, respectively.  
The compar ison was per formed for  a c ross  section close to the turn of the jet in which the maximum de- 
formation of the initial par t ic le  size distribution function is observed.  

Profi les  of the relative dispersion density in a c ross  section of a two-phase jet 250 mm f rom the 
end of a tube 30 mm in diameter  are shown in Fig. 5 for  admixture par t ic le  s izes of 1) 26; 2) 42; 3) 87 p. 

F rom the point of view of the suitability of the optical method the most  interest ing details in our 
opinion are shown in Fig. 6, where curves  of the attenuation of the relative mass  flow rate are  compared.  
The quantities re fer  to values averaged over  the c ross  sect ion at the mouth of the tube. The notation is 
the same as in Figs. 4 and 5. 

Within the l imits  of experimental  e r r o r  the data of Figs.  4-6 show the suitability of the optical meth-  
od of measur ing the distribution of a solid admixture for  powders with a narrow par t i c l e - s i ze  distribution 
function for the c lasses  of two-phase flows considered.  
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