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INVES TIGATION OF POSSIBILITY OF MEASURI N G P&RAI ~ETERS OF DISPERS ED

PARTICLES IN CONBUSTIO N PRODUCTS OP COAL BY LOW — ANG L E SCATTER OF

LIGHT

E. P. Zi.in, A. N. Krugenskiy , Z. G. ffi kh n ev i ch

Energy Institute im. G. N . Krizhanovskiy , moscow

ABSTRACT Discussed here is the possibil ity of measuring the

• Farame ters of ash particles in the coatus t ien ~roducts of coal b y the
me thod of light scatter. Studied are the different aspects of the

well known method of low angles, which makes it possible to measure ,

the dj~stribution function of the particles by dimensions . Obtained

are the correlations of some of the characteristics of a scattered

- -
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light flux (Sum f luxes of scattered radiat ion ,  discrete values of

light—scattering flux, and extreme values ot functions obtained by

trans~oraation of the scatter indicatrix) w~th the integra l

parameters of the particles (sum surface of particles per unit vol ume

and volume concentration). This approach makes it possible to reduce

the v ç lu me of measuring and ca lculating op eL at io ns  in comparison to

determination of the integral parameters by the method of low angles.

Pr esented here are the results of the exper imen ts for a gas stream

with ash particles . END ABSTRAC T 
~ I

Symbol s

A — ash content , 0/0

a — d ianeter of dispers ed particle s, m

- b —. amount carried awa y

c — imstrum ent constant

F — light— scattering flux, ~

G — specific volume of gaseous combustica pro ducts, m ’/k~j

-- —-~~~~~~~ 
.
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g — scattering volume , m~

i — in tensi ty  of incident light  f l u x , via

L — distance to plane  of registration, a

1 — length of scattering volume, a

N — registered concentcatio~ of particles, ~~~

n — sp*~ctral density of registered concentration, m ’

P — particle distribution function

r — stream radius, m

N — volume concentration of particles

v — spectral density of volume coucentratjon , m 5

6 — scattej angle

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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X — wavelength of incident radiation, a

H — attenuation factor, a 1

p — densit y of particle substance, kg/m 3

a — square roqt f ro,  dispersion of normal  d i s t r i bu t ion  of

• particles, a

— solid angle, average

A charact eL is t ic fea t u t e  dur ing  c o mb u s t i o n  of solid f u e l  is the

two— p hase  n a t u r e  of the working medium , associated with the pr esen ce

• cf a condensed dispersion phase in the coabust icn products. This

• condensed phase in the combust ion prod tcts of coa l is represented by

difpe rsed ash part icles, whose mean d iamete r  lies w i t h i n  the  l imi t s

of 10—20 microns . According to the standard classification , two—phase

media with such particles include coarsely dispersed ash. Tie

presence of dispersed particles in the working medium is a

d e t e r m i n i n g fac tor for a number of physicomechanical processes and,

in the  f i n a l  analysis, af fec t s  the o u tp i t  character is t ics  of a n y

combustion device. In connection w i t h  th is  the  creat ion of d ia gnostic

me thods for the pa rameters of the condensed dispers ion phase of coal

•-•-

~ 
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*1
(carbon) combustion products is of direct practical interest in the

stud y of solid fue l combustion processes.

At the present time sampling methcds which employ subsequent

lak oratory analysis are widely used to de term ine the parame ters of

coarsely dispersed particles. However, such methods are not very

oper at iona l and , moreover , introduce p er t u rh a t i c n  into the two—phase

f low , d i s tu rb ing  i ts  s t ructure .  Recent ly  m e t h o d s  which use the
I

e f f e c t s  of the  interact ion cf e lectrcnagnet ic  radia t ion  w i t h

dispersed particles have  received more recc~ n it ion .  Such methods make

• 

• 
it possible to obtain i n f o rm a t i o n  on the  dispersed phase w i t h o u t

d i s tu rb ing  the s t ruc ture  of the  f low ( f hr x ) .

In describ in g the physical properties of the  dispersed phase of

two—phase  media it is convenient  to use the  spectral dens i ty  of the

registered concentration of particles n (a) , w h i c h  is equal to thc~

number  of particles whose d ime nsions lie within a single in te rva l  of

dime nsion a. Ho wever, for applied problems it is uore convenient  to

• d e t e r m i n e  the  disp erse d composit ion of the Far t icies  by the i r  volume

• concentrat ion in the two—phase medium V and  by the d is t r ibut ion

f u n c t i o n  R ( a) ,~ which determines the  vo lume pe rcen t  of particles wi th
• a d imension greater than  a as a f un c t i c o  of gu a n t i t y  a. If the

part ic les  are spheres, then the volume pa ran e te rs  V and R Ca) a re

expressed in terms of n (a) as follows:

• — ~~~
• - - —
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(1) r~ - u~is( u) d(a

and

50n• (2) R(a) ~- 3~ . 
~ 

u-’ n (a)da

consequently, any method of diagncsing th€ dispersion

compos ition of particles presumes measurement of n (a) or direct

measurement of the quantity -
6- f a ~n(a) da . The latter is obtained , for

example , b y the sieve method (for a given density of the  substance of

t h e  par t ic les) . E x t r e m e l y  im p o r t a n t  here is the integral parameter V,

even in the  absence of in format ion  on the  dispersed composi t ion of

corresponding part icles. Thus, the diagnostic methods which provide

direct measurement  of this parameter are of immediate practica l

interest.. Also important are such integra l karame ters as the

registered concentration of particles N and the sum surface of the

particles per uni t  vo lume S, determined b y  the  fo l l owing  expressions:

(3) N f  ‘s(u)da

( 4 )  s=nf a2 n(a)da
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Knowledge of the  p ar ame t er  V makes j t  possib le to determine  the

coefficient of ent rainment b, whic h describes the traction of the

unburned fue l componen t which is carried away from the combustion

• device with the ga seous combustion products , through relationship b =

lOG pG V/A.

1. Net hod of Low Angle s

The method of low angles (NLA) , prcpos€d 1y K. S. Shifrin [1] to

determine the function n(a) , is based cn  the effect of the low-angle

scatter of light on coarsely dispersed s p h er i c a l  particles, whose

d iamete r  is s ign i f i can t ly  greater than the  w a v e l e n g t h  of the  incident

rad ia t ion .  The angle dependence of t h e  l i gh t  f l u x  scat tered on the

polydispersed syste. of such particles (scat ter  in d i c a t r ix )  is

described b y the following expression

C ~ flu
(5) F ( ø) =~~ j - J  ~ ø) a m n (a) da

wh ich  repr esents t he  in tegra l  Fredhola e q u a t i o ns  of the first crder.

The solution to this  equat ion , obtaine d in [ 1 ]  ty using t he

properties of the generalized Fourier t r a n s fo rm s  of ( 2 ) ,  t akes  the

form of

L ~~~~~~~~~~~~~~~~~~~~
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• 2I1~ d / f lu • flu \
(6) ‘ : ( u ) — ~ 

~~u .1 6’ d6’ 
[ O ! fr))J J 1~ — 6 1 1 - .- 9)dø

I
Co nstant  C in equation (5) can be e xp r e s se d  as fo l lows

The f u n c t i o n  in ‘i (u thus calculated ma k~~ it j ossible t o  d e t e r m i n e

the values of V. R (a), N, and S by eguations (1)—(4) .

The met hod of low angles has been rather widely used ~n the

prac t i ce  of sc ien t i f ic  research on two— phase  systems. A s4rvey of

e a r l y  s tud ies in which NLA were used is g i v e n  in (3 ] .  A t y p i c a l

sys tem for o b t a i n i n g  measu remen t s  by t h i s  m e t h o d  includes a

o~oncchroma tic radiatio n source, an optical system for  co l l ima t ing  and

diffracting the beam , and a light detec tor. A laser is currently used

as the source, thus eliminating the necu for a monochromator .

The original equation (5) was o b t a i n e d  ur~d€r the  a s s u m p t i o n  t h a t

for all scattered particles the following ccnditions are obser ved: i

= idea , u = idem , 0 = idea. Strict observation of the last two

condi t ions  can be assured by t he  use ot a l o n g — f o c a l  lens between the

diagncsed objec t a n d  the l ight  detector. H o w e v e r , as shown in [ 4 ] ,

with the ratio i/L .~< 0. 2. these conditions are cbserved suffic iently

wel l  and  measu remen t s  can be conducted w i t h o u t  us ing  the  Lens.

— r ~~
- • ~.- -- - LM~

__ • -- - -
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The f i r s t  of the conditio ns may not  be observed in t h e  ca se of

s u b s t a n t i a l l i gh t  a t t e n u a t i o n  along t h €  s c a t t e re d  vo lume .  H o w e v e r ,

t h e  effect of light attenuation can be considered as follows. In the

presence of attenuatio n equation (5) must ~e writt en in the form of

, (6’) 
e ! 

iwl ~

• i ia  
6 ’)~

: sI (a)dU~~cxp ( - -  J ~ d% ) d

A s s u m i n y  t h a t  the two—phase  med ium is homogeneous  and  a s s u m i n g  tha t

i( I )~ . 1(0) ~~~~~~ (— - 
~~ dr)

we get

ri (O)t~xp (  — • •.~ / )  I 11(1
~ ø~ a~n (a) du

Consequent ly, to consider light attenutio n wh en the  metho d of sma l l

angles  is used in the i n v e rsi o n  e g uat i c n  (6) , we must use t h e

i n t e n s i t y  of the  i n c i d e n t  r ad i a t i on  w h i c h  has passed t h r o u g h  the

two—phase  m e d i u m  i n  the  capaci ty  of i.

I

The above  ideas a re  correct fo r  h c m o g e n e o u s  t w o — p h a s e  media .  If

the distribution of the parameters of the condensed  phase across th e

f l u x  ~.s heterogeneous, then formula (6) g i v e s the ave rage d  values  of

the registered concentration and the distri Lution function, of the

i -a r t icles  w i t h  respect to dimensions in the direct ion o~ the sounding 

- I
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beam. I f  t h e  f l u x  of dispersed par t i cles  has a x i a l  s y m m e t r y ,  t h e n  by

m e a s u rj n ~ the in dic at r i x  of sca t te r  cn a s u f f i c i e n t  numbe r of chords ,

we can get the  d i s tr i b u t i o n  ot the  i n d ic a t e d  p a r a m e t e r s  w i t h  respect

to t h e  r ad ius  of t h e  f lcw .  The method Ct d e t e r m i n i n g  the  r ad i a l

change  in a n y  ph ysical q u a n t i t y  w i t h  r espect  to  in t e g r a l  chord

measu remen t s  in an ax i symmet r i cal  cy l i nd r i cal  s t ream (Abel met hod) is
¶ described in ( 5 ]  and  ( 6) .

I
The use of t h e  ML A in combina t ion  w i t h  t h e  Abel  method f o r

d i a g n o s i n g  t he  paramete rs  of particles in a x i s y u l me tr i c a l  two—phase

f l u x e s  t h u s  provides  the  possibility of o b t a i u i n ~j t he  r a d i a l

d i s t r i lu t i on s  of t h e  pa ramete r s  of the particles.

The accuracy of r ecover ing  n ( a )  by e q u at i o n  (6) by t h e  method of

• low angles is de te rmined  by errors of t w o  t y p e s :  i1~s t r ua en t  and

methodolog ical. I n s t r u m e n t  errors i nc lude  er r o r s  in  m e a s u r i n g  the

l i gh t  f l u x  and the scatter ang le. A s t u d y  of e r r o r s  was conducted  in

[ 7 ) — [ 1 O ] . .  i t  was shown in (7) that instrume nt errors associated with

measuring of the  l i gh t  f l u x  h inder  r e lia b l e  c al c u l a t i o n  of n ( a ) when

~l l o ’ ) ~ 30 Er ror  r e s u l t i n g  f r ca  r e p l a c em e nt  of t h e  int e~j ra l  by t he  sum .

according to the  da ta  of ( 8 ) ,  cons t i tu tes  5 — l 0 ° ,~ depend ing  on the

v a l u e  of t h e  step wit h respect to 6. In  ( 9 )  a n d  [ 1 0)  it was shown

that it the measurements cover a certain basic interval of ang les

~e9, , , ,  ~~~~~~ then  the  e r ro r  of determining n (a) wit hr~ the limits of

~A . - • ~ -“ -• • 
- 

~ — • • — -~~~~~~~~~ _________
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().4o~~~u ~a, (where a, — is the modal dimension) does not exceed 5O/~

due to limitation of the range of the angles.

However , such studies were only ccnduc ted  for complete ly

d e t e r m i n a n t  types of n (a) func t ions, since a n a l y t i c a l  stud y of the

recovery of the f u n c t i o n  n ( a )  was not poss ible  in an a r b i t r a r y  for m.

The proble m of s tudy ing  accuracy must  be solved by calculat ions on

the  compute r  fo r  a large set of types of n ( a )  w h i c h  are of practical

interest. Here it is expedient . to d iv ide  the work  in to  three stages.

In  the f i r s t  stage we studied a small  n u m b e r  of characterist ic  types

of f u n c t i o n  n ( a ) . This makes it possible to es tabl ish  “sensit ive”

values , at which substantial  distortion in t h e  i n f o r m a t i o n  is

observed. Such calculations wi th  va r i a t ions  in these “sensi t ive”

p aramete rs  are the object of the  second s t a g e  cf studies.

• The au tho r s  s tud ied  the accuracy cf recover ing  f u n c t i o n  n (a) ,

assigned in the form of a normal distribution wi th  va r iab le  values of

the modal  dimension a,,, and the square  root f r c m  dispersion .. This

form of the func t ion  is close to tha t  c t t a i ned  in the  exper iments,

which  wil l  be describe d below.. By way of i l l u s t r a t i o n  Fig. 1 shows

the assigned and r ecovered funct ions  n (a) for  t he  values a,

1.2.10 5 a and e = 3.10 ’, 
2 .10_ 6 and ~ . 10-~ m . The wavelen gth  X ,

cha rac t e r i s t i c  of a he l iu i— necn laser and e q u a l  to 6.3.10 ’ a, was

used in these calcula t ions .

• - _~~~~~~ _ _ s• - - -  —- ,•- ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ —— .- ‘•- - •
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E x p e r im e n t s  were co~ ducted on an a ir st r e am  3.J.10~~ n in

d iameter , into which ash particles wer e introduced. The flow rate of

these particles was  changed by mea ns of a dosing appara tus .  The l ight

source was a heliu m— neon laser , while the light detector was a

ph ctoe lectric mult iplier , whose s ignal  was t r a n s m i t ted to an

a m p l i f i e r , then to a loop oscillog raph.  The coordina te  of the moving

l igh t  detector (and consequently, the  scat ter  angle 9) was also

recorded on the oscillograph. In Fig. 2 w e  see the rad ia l  change in

f u n c t i o n s  v (a) =- ( Ii ’b)a~n(a)  and P (a) , obtained d u r in g  processin~g of chord

measurements  produced by the  Abel aethcd.  Ihe reduced data ind icate

the possibility of using the MLA for diag nosing ash particles in the

combust ion products of coal.

2. Met hod of Two A ngles

The use of the NL A for d e t e r m i n i n g  th e  i n t e g r a l  pa ramet e r s  of

dispersed particles involves a ra ther  significant volume of

measurement  and calculat ion operation. However , if the goal  of the

exp er imen t  is to de termine  the in tegral  paramete r s , then a method can

be propose d which is tc  a grea t extent free of this  d i s alv a n tag e .
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This method is based solely on the use of the solution to the

direct diffract ion problem for a polydispersed system of spherical

particles. By introducing the parameter

8~ =~ a’n(u)da

and using the mean—value theorem for tb€ integral, equation (5) can

be t ransformed int o

¶ 
~~~~ fla~(0)

2 
- 

••~~i - 
•

0

The use of the indicated theorem is possib le, since the function

a2 u J ~ ((I1a/A 8) is cont inuous, while fu*ct ion &n~a~ does not change

sign in the interval  [0 , 
~~
]. Parame ter B, • de pending on the  value of

j , corresponds to the d i f f e r e n t  moment s  of fu n c t i o n  n (a) .

The i n t eg ra l  para meters of the d isp ersed  phas e are easily

expressed in terms of the corresponding m om e n t s  of f u n c ti o n  n ( a ) . For

example , whe n j  = 0, we g•t the registered concent ra t ion  N , when  j

3 — the  vo lume concentrat icm I~~ (I~f~~ B3.

X f we select the two angles 6~ and e2 close enou gh so t h a t  a0

can be considered constant in the interval [ t~~, t~~2 ] ,  then we get a

system of two t ranscendenta l  equat ions , the  solutions for  whic h are

a 0 and B .

- ,J _,

~~~ 

~~~~~~~~~~~~~~~~~~
IL £
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1h~s, the pr3posed method of deter.iniug the integral parameters

of the dispersed phase by the low—angle scatter of light reduces to

measuring the flux of scattered radiatica OL twc angles alone.

It  should be mentioned that  pa rame te r  a0 and  processing data  on

l i g h t  scat ter  in a polydispersed syste m ot ~a r t i ck es  by means  of the

t w o — a n g l e  method is s imply an a u x i l i a r y  qu an t i ty .  and is generally

not expressed in terms of modal dimens ion ~. This  parameter  is equal  to

the  d iamete r  of t he  part ic les cf a single—dispersed system which is

e q u i v a lent in l i gh t  scatter to the s tudie d polydisper sed system . I t

is na tu ra l  tha t  t he  lover the dispersion 0 ( d )  the better j us t i f ied

wi l l  be the assumption of constant a0~

We cannot obt a in an ana ly t ica l  exFressio n which  describes the

dependence of the error obtained in d e t e r m i n i n g  th e  i n t e g r a l

parameters  b y the method of two angles cx~ the values of ang les  8~ and

6~ under  the assum ption of a constant a 0 in t h e  i n t e r v a l  [ 6 k , 62].

Therefore, selection of the angles can be op~timi zed b y c alc u l a t i n g

the indica ted error for several variations in assigning the pair of

angles.

• The most natural is selection of angles 6
1 and 9~ at the ver y

origin of the scatter indicatrix. Calculations conducted on the

computer showed that when 6~ 
10—2 cad and 6 2 4 ~~~~~~~~ r&d the error
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produced in det e rmin ing  the volume conc~ n t r a t i o o  does not exceed 4 0/n

fo r  Lm n c t i o n  n (a) correspondin g to the  r o r m a l  d i s t r i b u t i o n  wit h the

modal d iameter  1.2.10 ’ m and . = 3.10-6 a. In this  case gu an t i t y  S

is de te rmined  with  an error of 10°/a. Othe r  v a r i a t i o n s  of s t u d y i n g

t h e  a n g l e  pairs was s tudied in ( 11]. As one m i g h t  expect , they proved

to be less suitable.

The method  of two angles is p a r t i c u l a r l y  effective for measuring

the radial distribution of the volume c c n c e n t rat i o n  and ot her

i n t e g r a l  pa rame te r s  by the  radius of axisymm etrical two—phase flows,

since w i t h i n  the  f ramework of the  Abel me t hod it is s u f f i c ient to

t a k e  chord measurement s of the scattered r a d i a t i o n  on two angles

alone. In this case the substantial reduction in the volume of

measurements  is obvious.

To remo ve the hypothes is of constan t a0 a modification of the

method can be proposed in which  a 0 is assume d tc be a l inear f u n c t i o n

of the ang le of scatter

&)

In connection with the appearance of tb €  flew a u xi l ia r y  parameter  q.

measurements of F are taken on three angles .  The t h i rd  angle  can

easily be selected as follows: e~ (6~+ 6~1/2. The system of

equations for deter.ining a0(01) and q takes the form of

- _
~~~~~~~ f

_ — 
~~~~~~~~~~~~~~~~~~~~~
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11u0(01)
F(0 1) 0 ~ — / ( # I . ) O ~ ~~~~~ 

A 
ti 
/i1 

-

11a0(02) Iia~(ti 3)
I -( t i ) 6 ’~ !- (0~;ti~ J - 

~~~~ /~ 
— 0

Calculations conducted on the compu-be r for n (a) corresponding to

a normal d istribut ion with a I5•I0 ~~ • and o = 2.10 6 a shoved that

for angles 8~ 
10-2 ra d and e2~~ ~.1O 1 rau error in determining V

by the method of two angles does not exceed 4O,~. while under the

hypothesis  of the linear dependence of p a r a m e t e r  a 0 this er ror  is no

greater  than  20/a.

In Fig. 3 we see the radial d i s t r i bu t ion  of the value of the

volume con centration, obtained in the e x p e r i m e n t s  described above

using the method of low angles and the  neth od of two  angles.  These

data indicate  the possibility of using the m ethod of two angle s fo r

diagnosing integral  parameters  of the disperse d particles in t h e

combustion prod ucts of coal.

3. Determining Integral Parameters of Par t icles by Sum Values  of

Scattered Light Flux

As already observed, the method o f l.ow angles makes it possib le, p

using the measured ind icatr -~x of scattc r , to estan l i sh  f u n c t i o n  n (a)

- --— — - __.~~~~~~~~~~~~~~~
_
~ _a._ 

MA
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and , conse quently, all integral pa rame ters of the disperse d

particles. However , there exists the pcssibility of determining

quantities of V and S by the scatter indicatrix , bypassing the

awk ward stage of recovering n(a,. If we use the properties of the

Bessel functions (12), then we get the following relation~ bips

Il  ~k \ i f l \ 1 _ & -
• Cr I 2—k ~I~ 

- - - U ) -~
(7 ) 

f ~~~
F (o) de

~~
_ - --- -

~~
-Z ’- ’

~~~
-
k

-
\ j a 3 * n (a) da

o 22~~ i (  2 1 ‘~~ 2 / 
°

when k = 0 and k = 1, we get expressions fo r  V and S ( r ( x )  is the

g a m m a — f u n c tion) in the form of

flA
(8) 8 f F (0)dO

2U~~(9) s=’ - --- j ØF( ti) dO

Formally the integral with respect to the angle (7) extends from

zero to in finity, but since the scatter is concentrated pr imarily in

the first order of diffraction, integration can be done up to the

angle of 0,,, which satisfies the condition fla,~/A)O,,1~ 3.1, where a~,

is the mea n diameter of the particles. The ver y smallest angle 6_
~

can be selected because Of the ab i l ity  cf the measur ing  sy stem to

rel iabl y separate scattered l ight  f r o m  inciden t  l ight  Linear

I 

-
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ex t r apo lat i on  of values F (9)  f rom value F( 0~~,) to F ( 0 )  make s it

possible , as numer ical experiments hav e shown us , to g r e a t l y  impro ve

the agreement of the assigned and obtained values of V and S for

equaticns (8) and (9).

The integral in equation (8) represents tk~€ sum light flux ,

w h i l e  in equat ion (9) it represents the  t o t a l  produc t  of t h e  f l u x  and

scat ter  angle.
I

To i l lustrate  the possibilities of such pr ccessing of the

scat ter  indicatr ix , Fig. 3 shows the  v a l u e s  of the volume

concentration of particles V over the tadius of the axisynmetrical

stream. The values obtained in the above ment ior~ed ex periments were

calculated by the sum beau of scattered light using the linear

ext rapola t ion  of f unction F (8) to 1(0) . The agreement betwee n these

da ta  and  those cal culated by the  method of low angles can be

considered quite satisfactory.

Apparently the Abel method must be used to determine the

in tegra l  parame ters in axisy.metr ical  f lux e s  w i t h  use of the

correlations expressed by equat ions (8) and  (9) .

~. Determi ning In tegral  Parameters of P ar t i c l e s  by Expe r imen ta l

hi~. ~~~~
-

~~~~~

---

~~~~~~ 
Th -- — _ _ _ __ _ _
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Values of Function s Obtained by Transfcrmation cf Scatter Indicatrix

The effect of low—angle light scatter represents one more

possibility of determining the most ia~ crtant integral parameter V

with respect to the scatter indicatrix. Actually, by intr3ducing the

function Z(8) by means of relationship 2(8) = 
~~~F(O) , f r o m  (5) we get

for Z(O) the following equation I 
-

1~

/. 
‘
~ flu Flu \~~~ fl

(10) ~~
Z ( 0) =~ 

i~ ( ~ ~~~
‘(I 

e, 6 a
3 n (a)da

which , when the averag e—value theorem is considered for  t h e  integral

fr c m  the product  of the two  funct ions, can l~e wr i t t en  as fo l lows

Flu11 (0) I1~i~(O)(11) Z(0)~~ ~~~~ . —
~~

prom equa t ion (11) it is obvious that the maximal value of

function (X/6c)Z(O) should correspond tc the maximal value of

f u n c tion 3 2 (x) x -’. Consequently, for the value of the volume

concen tration V the following relationship is ccrrect:

- - -

~ 

-
~ - --
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- 
i~

— be [J~ ( v) ~ 
-

For a monodispersed system of particles the argument x can take

any values and pass through the value x , whic h is equal to 1.35,

where the value of function J ,2 (x)x-t is m aximal and equa l to ~0.21.

then , dire ctly from the maximal value cf the function we determine

the volume concent ration of monodispersed particlas ~~ f ro. the

r ela t i cnsh ip

03954
( 1 2 )

If ash partic les cf diffe rent diae nsicns (polydispersed syste m)

are presen t in the coabusticn Frod ucts, then relationship (12) is not

fulf illed, since the argument x does nct take the value v ,~ w h i c h

correspond s to the maximal value of the f~unction J ~ (x) x ‘ • This can

be easily demonstrated by analyzing eguaticn (10). Actually, if we

assume tha t x takes the value x0,, then in the integral of (10) for

a l l  values  of a the  value of expression J~ ((U a/A )0)( (fl a/A) O )~~ s h o u l d  be

cons tan t  and equal  to 0.21. However , th i s  ca nn c t  me achieved at  a

fixed angle 0. Consequent l y, in the genera l  case

0.795 )~
~~ — t ( t i)~~

where the eiuality sign corresponds to a monodispersed system of

par t ic les .

~L. L~~~~~~ 
I - —
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The use of equation (12) to determin e the volume concentration

of the polydispersed system makes it pcssible tc calculate by the

measured function Z(8) the value of the volume concentration V. wh ich

is always less than the real value of this guantity V~~ . The closer I 
-

the partic le syste m to the monodispersed systew , tne lower will be

the error in deter mining the volume concentraticn .

The dependenc e of the error v alue in analytical form cannot be

found for all type s of functions n(a), and thus it is interesting to

estimate this error for certain characteristic types of n(a).

Function J i2 (x) x~
1 has a rather flat maximum (Fig. 4) and the error

value depe nds on the  ratio of a0,, and a,,,, to a.~9. where a,,, ,,, ~~~ and a ,,

represent the min ima l , maximal , and mean  diameters of the particles,

respedtively . Thus , for e x a m p l e , it  cat be e a s i l y  demonstrated that

whe n a ,0 a11,=M.)~ and a , -a , = 1 2 , error  in d e t e r m i n i n g  V does no t  exceed

4 O,~ even for an d istribution of particles uver the diameters .  If ,

howe v er , n (a) under  these condi t ions  ~ccs h ave  a n a x i n u w , then error

is less.

Values  of error in de te rmin ing  V wer e e s t i m a t e d  for a n u m b e r  of

types of functions n(s) characteristic cf ash part icles w i t h  a normal

law of distribution over diameters wi th  a,, - i . I 0~~ 2 • 1 0
S and values of a

- d

~ —-~~~~~~
—

~~~
-
~~ —- ~~~~~~~~-~~~ -------- - ~~~~~~~~~~~~~~~~~~~ -- - .
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1.10 6—L4 .1O 6 w. For all cases the value of error does not exceed

5O ,~~. For n(a) corresponding to the nor ma l law cf distrib~ition of

particles over the diameters it is obvicu.s t h a t  t he  cond it i on

a v ~~-~ o~sl , the va lue  of error wi l l  be ccnstant. In Fig. ~ we see by

wa~ of ill ustrat ion values  of V O b t a i ne d  with transformation of the

ind ica tr ix  as a f u n c t io n  of • for th ree  v a l u e s  cf a~ • The g iven

— value  V~ is marked by a dashed line .

For exper iments conducted in a gas str~ aw with ash pa rticles,

the values of the volume concentrations obtained by the method of low

angles ~. d by the extremua of function Z(8) are in good a~ reement.

By analog y we can propose processing the results of measurements

for the extrema l point s of the functions by the point of function

E(0) = (d/d8)(F(~~) 02 ].

Here the following equality is correct~

L ( 0) _  Vi 
fla 0( 0) eI{i~I 

IIa ,1 (ø) ° l—~’ ~~~~~~
The expression fo r  the  value of the  vo lume  concen t r a t ion  in th is

ca se ta kes the for m of
0,578 A

V~~
I E(8~~,
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Thus , f rom the  ext re ial po in t s  of certain fuactions associated

with the scatter indicatrjx we can determine t h e  volume concentrat ion

of particles. Here the step of determining the spectrum of particle

diameters is too time ccnsuling.

Received by editor June 1975
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Fig. 1. Recovery of spectral density of registered

concentration n (a) for diffsrent values of •(am = 1.2.10 %  MI • .‘ =

3.10 6 n, £ — a = 14.10 ’ a, — = 5.10 6 m — assigned n (s)).
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Fig. 2. ?m nction of R(a) and v (a) for different values of stream
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radius —8 (a), — — — — v (a).

r.103[MJ

Fig. 3. Radial distribution of volume concentration. . — by [ILL, 
~

— ~y me thod of two an gles, A — by sum light—scattering flux.
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HriI~~~~,

Fig. 5. Volume concentration as functicn of quant ity ~ in determining

V by extre mal values of function OF(6) assigned value of V.
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