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ABSTRACT 

Th i s  r e p o r t  c o n t i n u e s  t h e  Monte C a r l o  i n v e s t i g a t i o n s  which 

have been performed dur ing  t h e  pas t  y e a r ,  The r e p o r t  b e g i n s  

wi th  a d i s c u s s i o n  of t h e  inadequacy of c u r r e n t l y  used terminology 

r e l a t i n g  t o  r e f l e c t i v e  pigmented c o a t i n g s ,  The t w o  b a s i c  methods 

of drawing random i n t e r c e p t s  on a circle a r e  d i s c u s s e d ,  One 

method i n v o l v e s  drawing l i n e s  between two random numbers on t h e  

c i r c l e u s  perimeter; t h e  o t h e r  i nvo lves  drawing l i n e s  pe rpend icu la r  

t o  t h e  r a d i u s  f o r  randomly s e l e c t e d  a n g l e s  t o  a f i x e d  d i r e c t i o n o  

The second method h a s  a 33% longer  track l e n g t h  than  t h e  f i r s t  

method, S ince  t h e  abso rp t ion  of l i g h t  depends upon t h e  t i m e  

s p e n t  i n s i d e  a par t ic le  ( i Q e o  the  average track l e n g t h )  t h e  

a b s o r p t i o n  f a c t o r s  f o r  t h e  t w o  p o s s i b l e  t r a c k  systems should 

be q u i t e  d i f f e r e n t ,  

A Monte C a r i o  g r i d - p i o c t i n g  experiment  snowed t h a t  t h e  

m a x i m u m  number of independent  s c a t t e r i n g  c e n t e r s  o c c u r s  a t  a 

volume f r a c t i o n  of 17%; this i s  s u r p r i s i n g l y  c l o s e  t o  t h e  

va lue  of 20% obtarned  expe r imen ta l ly ,  

The i m p l i c a t i o n s  of t h e  Monte C a r l o  s t u d i e s  for  m e t a l - f i l l e d  

conduct ing  p a i n t s  and f i l t r a t i o n  problems a r e  d i s c u s s e d  i n  

d e t a i l  

1. 
I I T  R E S E A R C H  I N S T I T U T E  
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INTTESTIGATION OF LIGHT SCATTERING 
I N  HIGHLY REFLECTING PIGMENTED COATINGS 

I INTRODUCTION 

The o b j e c t i v e  of t h i s  program i s  t h e  a p p l i c a t i o n  of l i g h t -  

s c a t t e r i n g  t h e o r i e s  t o  p o l y d i s p e r s e ,  h i g h l y  r e f l e c t i n g ,  h igh ly  

pigmented c o a t i n g s o  The program i s  aimed a t  a d e f i n i t i o n  of 

t h e  l i g h t  s c a t t e r i n g  parameters  a s s o c i a t e d  wi th  t h e  maximum 

r e f l e c t i o n  of s o l a r  r a d i a t i o n ,  The d e f i n i t i o n  of t h e s e  

f a c t o r s  should  f a c i l i t a t e  t h e  e v e n t u a l  development of m o r e  

e f f i c i e n t  s o l a r  r e f l e c t o r s  and,  perhaps  more impor t an t ,  may 

ex tend  t h e  a p p l i c a t i o n s  of l i g h t - s c a t t e r i n g  theory  t o  t h e  

s o l u t i o n  of o t h e r  problems, 

Previous  work has  involved (1) a review of c l a s s i c a l  

l i g h t - s c a t t e r i n g  theo ry  wi th  emphasis on t h a t  p o r t i o n  having 

t h e  m o s t  promise for  a p p l i c a t i o n  t o  m u l t i p l e  s c a t t e r i n g  e v e n t s ,  

( 2 )  t h e  g e n e r a t i o n  of d a t a  on t h e  o p t i c a l  p r o p e r t i e s  of care- 

f u l l y  prepared  a r r a y s  of s i l v e r  bromide p a r t i c l e s  d i s p e r s e d  

i r i  y e i d i i f i  a i d  ( 3 )  iile c G r i c e p i i G r i  of ilie:ie:tiLs1 ~ p p r a ~ ~ h e s  

and random-walk t echn iques  with which t o  t r e a t  t h e  problem of 

m u l t i p l e  s c a t t e r i n g -  

The a d a p t a t i o n  of c l a s s i c a l  M i e  t heo ry  t o  m u l t i p l e  scat- 

t e r i n g  and t h e  exper imenta l  s t u d i e s  on s i l v e r  bromide d i s p e r s i o n s  

have been d i s c u s s e d  i n  s e v e r a l  of t h e  p rev ious  Q u a r t e r l y  Reports, 

The complete review of c l a s s i c a l  l i g h t - s c a t t e r i n g  t h e o r y  w i l l  

be g i v e n  i n  t h e  summary F i n a l  Repor t  which i s  c u r r e n t l y  plan-  

I I T  R E S E A R C H  I N S T I T U T E  
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ned f o r  d i s t r i b u t i o n  i n  June of t h i s  yea r .  

a l so  c o n t a i n  a complete review of t h e  s t u d i e s  p e r t a i n i n g  t o  

t h e  s i l v e r  bromide d i s p e r s i o n s ,  

T h i s  report  w i l l  

T h i s  report c o n t i n u e s  t h e  Monte Car lo  i n v e s t i g a t i o n s  

which w e r e  d i scussed  i n  t h e  l a s t  t h r e e  q u a r t e r l y  r e p o r t s  

(Reports N o .  IITRI-C6018-14, IITRI-C6018-15 and IITRI-U6003-16) 

Th i s  report c o n t i n u e s  t h e  d i s c u s s i o n  of t h e  random i n t e r c e p t s  

of a circle begun i n  Q u a r t e r l y  Report N o ,  C6018-15 and an 

e x t e n s i o n  of t h e  g r i d - p l o t t i n g  experiment  d i s c u s s e d  i n  t h e  

P a s t  Q u a r t e r l y  Report  N o .  U6003-16, I m p l i c a t i o n s  of t h e  

Monte C a r l o  t r e a t m e n t  genera ted  t h u s  f a r  are presented b9th f o r  

m e t a l - f i l l e d ,  e l e c t r i c a l l y - c o n d u c t i n g  p a i n t s  and for  f i l t r a t i o n  

t h e o r y  

I I T  R E S E A R C H  I N S T I T U T E  
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I '  

&I,  CONCEPT OF A HIGHLY REFLECTING PAINT FILM 

I n  an essay on t h e  meaning of t i m e ,  M i l l i k a n  states t h a t  

t h e  beginnings  of s c i e n c e  a r e  n e a r l y  always found i n  t h e  f i r s t  

steps taken  toward r e f i n i n g  and making m o r e  precise, n a t u r a l  

b u t  i n a c c u r a t e l y  de f ined  concepts  ( r e f .  1) When cons ide r ing  

problems associated w i t h  t h e  development. of h i g h l y  r e f l e c t i v e  

p a i n t ,  w e  f i n d  t h a t  a s  w e  extend our d e s i r e  t o  c o n t r o l  and 

p r e d i c t  t h e  p r o p e r t i e s  of a p a i n t  f i l m  many of  t h e  words used 

i n  p a i n t  technology a r e  n o t  de f ined  p r e c i s e l y  enough and t h e  

f i r s t  stage i n  deve loping  t h e  n e w  technology i s  t h e  e l a b o r a t i o n  

of a new te rminology-  

A s  r e c e n t l y  as  1961, S o  H, B e l l  (ref. 2 )  speaking on t h e  

u s e  of powders i n  t h e  p a i n t  i n d u s t r y  specifies t h e  f u n c t i o n s  

of a p a i n t  as  e i t h e r  d e c o r a t i v e  or p r o t e c t i v e ,  I n  h i s  e s s a y  on 

p a i n t s  t h e r e  i s  n o  h i n t  of t h e  concept  t h a t  a p a i n t  can a l s o  

be cons ide red  as  a q u a n t i t a t i v e  rad ian t -energy  va lve .  I n  t h e  

m o s t  g e n e r a l  t e r m s ,  a p a i n t  f i l m  should be desc r ibed  as a mul t i -  

phase c o a t i n g  c o n t a i n i n g  d i spe r sed  s o l i d  particles of one or 

more subs t ances  cemented together by ano the r  subs tance .  

1. M i l l i k a n ,  R ,  A, , e s s a y  i n  " T i m e  and I ts  Mys te r i e s " ,  p. 2 8  
C o l l i e r  Books, N e w  York, New Y o r k ,  1962, 

2. B e l l ,  S, H , ,  "Pigments and F i l l e r s  f o r  U s e  i n  P a i n t s "  
S o c i e t y  fo r  Chemical Ind . ,  Monogram 1 4 ,  p. 169, 1961, 

I I T  R E S E A R C H  I N S T I T U T E  
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Importan% properties of t h e  p a i n t  f i l m  ares 

The volume r a t i o  of t h e  d i f f e r e n t  subs t ances  p r e s e n t  

i n  t h e  c o a t i n g ,  

The s i z e  and shape d i s t r i b u t i o n  of t h e  d i s p e r s e d  

particles 

The p h y s i c a l  p r o p e r t i e s  of t h e  d i s p e r s e d  particles 

and t h e  cementing medium. 

The s p a t i a l  d i s t r i b u t i o n  of t h e  subs t ances  p r e s e n t  

i n  t h e  f i l m ,  

The t e x t u r e  of t h e  surface boundar ies  of t h e  film, 

p r e d i c t i o n  of a l l  t h e  above q u a n t i t i e s  f r o m  measured 

properties of t h e  r a w  materials i s  impossible a t  t h e  p r e s e n t  

s t a g e  of development even f o r  t h e  simplest  p a i n t  system. 

Newman ( r e f ,  3 )  d i scussed  t h e  problems of p r e d i c t i n g  t h e  p e r f o r -  

mance of p a i n t  f i l m s  from a knowledge of t h e  s i z e  d i s t r i b u k i o n  

of t h e  pigment and h i s  conclus ion  w a s  "When one de termines  a 

par t ic le  s i z e  d i s t r i b u t i o n  of a pigment from, f o r  example, 

s ed imen ta t ion  d a t a  on t h e  h igh ly  dispersed pigment and then  

attempts t o  d r a w  a c l o s e  c o r r e l a t i o n  w i t h  p a i n t  properties, 

t h e  problems involved are almost of t h e  s a m e  o r d e r  a s  would 

arise if a bomb w a s  dropped on to  t h e  Houses of Pa r l i amen t ,  

and a b u i l d e r  w a s  con f ron ted  with a heap  of rubb le :  never  

3 ,  Newman, A, C ,  C o ,  par t ic le  s ize  i n  r e l a t i o n  t o  t h e  u s e  of 
pigments  i n  p a i n t  IISymposium on Pa r t i c1 . e  S i z e  Analys is"  
1947,  publ i shed  by I n s t i t u t e  of Chem, Eng. 

IIT R E S E A R C H  I N S T I T U T E  
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I 

having seen t h e  b u i l d i n g  be fo re ,  and having n o  d e t a i l e d  p l a n ?  

and w a s  t hen  asked t o  r e c o n s t r u c t  t h e  b u i l d i n g  i n  i t s  o r i g i n a l  

c o n d i t i o n  complete i n  eve ry  d e t a i l "  

Ir, t h e  s t u d i e s  c a r r i e d  out so f a r  i n  t h i s  c o n t r a c t  w e  

have c o n t i n u a l l y  been plagued by d i f f i c u l t i e s  caused by t h e  

i n a b i l i t y  t o  a s s i g n  exact meaning t o  concepts  and t h e  lack 

of knowledge on how t h e  p r o p e r t i e s  of t h e  raw material e f f e c t  

t h e  properties of t h e  f i n a l  f i lm ,  I n  t h e  pe r iod  covered by 

t h i s  report ,  w e  have t r i e d  t o  f i n d  an exact d e f i n i t i o n  of 

" d i f f u s e  l i g h t "  and have been enab le  t o  f i n d  a precise d e f i n i -  

t i o n  i n  s t anda rd  op t ica l  tex tbooks ,  Again i n  t r y i r g  t o  extend 

t h e  concept  of a random-energy walk through a p a i n t  f i l m  w e  

have found l i t t l e  in fo rma t ion  on how a p a i n t  pigment i s  d i s -  

t r i b u t e d  i n  t h e  f i n a l  p a i n t  f i lm .  F i n a l l y ,  when a t t empt ing  t o  

c o n s t r u c t  v a r i o u s  models of p a i n t  f i l m s ,  i t  w a s  r e a l i z e d  

t h a t  tkrsughsut thc previous repar ts  the ?oncept ' I  highly  ref lzct-  

i n g  p a i n t  f i lms"  had n o t  been def ined .  One cannot  d e f i n e  a 

h i g h l y  r e f l e c t i n g  p a i n t  f i l m  w i thoc t  r e f e r e n c e  t o  t h e  boundary 

c o n d i t i o n s  of t h e  system being  s t u d i e d ,  For example, does one 

a t t e m p t  t o  maximize r a d i a t i v e  p r o p e r t i e s  w i t h  respect t o  u n i t  

we igh t  or u n i t  volume of t h e  f i lm? When d e f i n i n g  r e f l e c t a n c e  

of t h e  p a i n t ,  i t  is necessa ry  t o  s p e c i f y  t h e  r a d i a t i o n  concerned, 

In t h e  s t u d i e s  of t h i s  c o n t r a c t  w e  are concerned w i t h  a n  

environment i n  which t h e  energy i s  d i rec t  r a d i a t i o n  f r o m  t h e  

sun f i n  a vacuum), b u t  t h i s  f a c t  should be expl ic i t  i n  any 

d e f i n i t i o n  of h igh  r e f l e c t i v i t y ,  Because of t h e  changes brought 

I l l  R E S E A R C H  I N S T I T U T E  
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about  by absorbed r a d i a t i o n ,  it may a l s o  be necessa ry  t o  take 

i n t o  account  a t i m e  i n t e g r a l  of t h e  r a d i a t i o n  r e f l e c t e d  by 

t h e  p a i n t  f i l m  f o r  t h e  r equ i r ed  t i m e  i n t e r v a l ,  S ince  i n  t h e s e  

s t u d i e s  w e  are concerned wi th  p a i n t  f o r  s p a c e c r a f t  w e  have 

dec ided  t h a t  a h i g h l y  re f lec t ive  p a i n t  f i l m  should be opt imized 

wi th  respect t o  u n i t  weight of f i l m .  

I n  t h e  earlier s t u d i e s  c a r r i e d  o u t  under t h i s  con t r ac t .  

e f fo r t  w a s  concen t r a t ed  on unders tanding  t h e  complex s c a t t e r i n g  

behavior  of s i n g l e  par t ic les ,  A s  t h e  s t u d i e s  proceeded it 

became apparent  t h a t  mod i f i ca t ion  of M i e  t heo ry  t o  account  

f o r  r a d i a t i o n  i n t e r a c t i o n  i n  a p a i n t  f i l m  w e r e  going t o  be 

exceedingly  complex. F i n a l l y ,  t h e  s imula t ion  s t u d i e s  i n i t i a l l y  

undertaken t o  s tudy  t h e  forward p e n e t r a t i o n  of a para l le l  beam 

of l i g h t  i n d i c a t e d  t h a t  t h e  packing of t h e  par t ic les  i n  t h e  

p a i n t  f i l m  may be a very  important  f a c t o r  i n  esKabl i sh ing  

LZ. L I I S  s c a t t e r i n g  p o w e r  of t h e  pairit f i l m  (ref, 4) There fo re !  

before proceeding w i t h  a c t u a l  o p t i m i z a t i o n  s t u d i e s ,  i t  w a s  

dec ided  t o  f u r t h e r  s tudy  t h e  packing properties of pigment 

particles i n  a p a i n t  f i l m ,  

4 ,  G o  A, Z e r l a u t ,  B ,  Ha K a y e  and M .  Jackson,  l ' I n v e s t i g a t i o n  
of Light S c a t t e r i n g  i n  Highly R e f l e c t i n g  Pigmented Coat ings"  
Report  No, IITRI-U6003-P6, November? 1965 

I I T  R E S E A R C H  I N S T I T U T E  
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SIMULATED SYSTEMS USING RANDOM-NUMBER TECHNIQUES E2 5 -:.- --.- - . - - _- _--I- ---~-------.- -_I----.-. - ..-.--- 

A:.----- Random In tercepts  of a C i r c l e  ( P a r t  2 )  

I n  R e p o r t  No, ILTRI-C6018-15 ~ t h r e e  met'hods of  dr,awing 

rz.ndDm intercepts af a circle  were desc r ibed ,  A f o u r t h  

method of cons t , ruc t ing  i n t e r c e p t s  would be t o  choose one  p o i n t  

on t h e  perimeter u s i n g  a random number t a b l e  and then  t o  

choose a d i r ec t j . cn  i n  t h e  s a m e  manner, However, t . 'h is  method 

i s  mathemat ica l ly  e q u i  valent. to Method 1 (IITR-Z.-C6@18-155 i n  

which e q u a l  pro'babi1it .y of e n t r y  and e x i r  w a s  used to c o n s t r u c t  

t h e  intercepts,  The re fo re ,  Methods 1 and 4 and Methods 2 and 

3 are e q u i v a l e n t ,  I n  subsequent d i s c u s s i o n s  Methods 1 ar_d 4 

w i l l  be c a l l e d  Method R and Methods 2 and 3 w i l l .  be c a l l e d  

Method B o  

I n  F igu res  1 through 3 are shown th.ree s imula ted  sets of 

20 rand.om l i n e s  drawn us ing  Method A, and i n  F igu re  4 a set of 

20 l i n e s  drawn usi.ng Method B. I f  w e  cons ider  t h e  physical.  

s i g n i f i c a n c e  o f  t h e  two sets of diagrams,  it would s e e m  that .  

systems const . ructed us ing  Method A correspond t o  t h e  problem 

of de t e rmin ing  t h e  average  t r a c k  l e n g t ' h  of a p.hoton throug'h a 

p igment  par t ic le ,  A s  mentioned i n  t h e  St?Ct,lon I1 Of: th;.s 

report ,  i t  i s  d i f f i c u l t  t o  g ive  a precise d e f i n i t i o n  of d i f f u s e  

l i g ' h t ,  For t h e  purposes  of t h i s  d i s c u s s i o n  w e  s h a i l  d e f i n e  

d i f f u s e  l i g h t  as l i g h t  i n  which t h e  densi.t.y of photons per u n i t  

volume i,s t h e  s a m e  a t  any locat ion i n  space and t h a t .  a l l  

d i r e c t i o n s  fo r  t 'he photon tracks are e q u a l l y  pro'bable.  

I I T  R E S E A R C H  I N S T I T U T E  
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F i g u r e  1 

L I N E S  DRAWN BETWEEN TWO RANDOM NUMBERS 
SELECTED ON THE PERIMETER 

OF A CIRCLE 
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F i g u r e  2 

/- 

L I N E S  DRAWN BETWEEN TWO RANDOM NUMBERS 
SELECTED ON THE PERIMETER 

OF A CIRCLE 
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F i g u r e  3 

L I N E S  DRAWN BETWEEN TWO RANDOM NUMBERS 
SELECTED ON THE PERIMETER 

OF A CIRCLE 
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F i g u r e  4 

L I N E S  DRAWN PERPENDICULAR TO RADIUS 
FOR RANDOMLY SELECTED 

ANGLES TO A FIXED DIRECTION 
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Using t h i s  d e f i n i t i o n  t h e  d e n s i t y  of photon e n t r i e s  a t  any 

p o i n t  of t h e  p igmen t  perimeter i s  e q u a l  a t  a l l  p o i n t s  of t h e  

perimeter. Th i s  i s  e q u i v a l e n t  t o  say ing  t h a t  a l l  p o i n t s  of 

e n t r y  f o r  any s p e c i f i e d  photon a r e  e q u a l l y  probably, The 

p r o b a b i l i t y  of d i r e c t i o n s  permissible f o r  t h e  photon a f t e r  it 

crosses t h e  pigment boundary i s  d i f f i c u l t  t o  assess s i n c e  w e  

cannot  t a l k  about  r e f r a c t i o n  phenomena u n l e s s  w e  have an 

extended wave f r o n t ,  I f  w e  c a n  assume equa l  p r o b a b i i i t i e s  

f o r  a l l  p o s s i b l e  d i r e c t i o n s  then t h e  possible tracks correspond 

t o  t h e  i n t e r c e p t s  c o n s t r u c t e d  us ing  Method A ,  If  w e  are 

c o n s i d e r i n g  gas molecules  i n s t e a d  of photons,  w e  would have 

t o  c o n s i d e r  t h e  effect  of collisi;ns, The e f f e c t  of c o l l i s i o n s  

would be t o  b r i n g  t h e  d e n s i t y  of par t ic les  per u n i t  volume t o  

t h e  s a m e  va lue  f o r  a l l  r e g i o n s  of t h e  system for  w h i c h  t r a c k  

l e n g t h s  are be ing  cons ide red  and t h i s  would tend  t o  m a k e  track 

l e n g t h s  e q u i v a l e n t  t o  t h o s e  cons t ruc t ed  us ing  Method B t  s i n c e  

i n  t h i s  technique  t h e  d e n s i t y  of i n t e r s e c t i o n  of tracks i s  more 

uniform over  t h e  area cons idered ,  

The average track l e n g t h  f o r  systems c o n s t r u c t e d  by 

Nethods A and B are q u i t e  d i f f e r e n t ,  The average track l eng th  

f o r  F i g u r e s  1, 2 ,  and 3 ,  are 1 , 3 ,  1.1, 1-2 r a d i u s  u n i t s  and 

f o r  t h e  system of F igu re  4 ,  1.6 r a d i u s  u n i t s .  Although t h e  

d a t a  i s  f ragmentary ,  t h e  i m p l i c a t i o n s  are impor t an t .  I f  w e  

take t h e  average  of t h e  va lues  f o r  F i g u r e s  l 5  2 ,  and 3 as 

1,2 u n i t s ,  then  t h e  average t r a c k  l e n g t h  f o r  t h e  system for 

I I T  R E S E A R C H  I N S T I T U T E  
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F i g u r e  4 i s  33% longer  than  f o r  t h e  o t h e r  systems,  S ince  

t h e  a b s o r p t i o n  of t h e  l i g h t  w i l l  depend on t h e  t i m e  spent 

i n s i d e  t h e  p a r t i c l e ,  i o e e ,  t h e  average t r a c k  l e n g t h ,  t h e  

a b s o r p t i o n  f a c t o r s  f o r  t h e  two p o s s i b l e  track systems should 

be q u i t e  d i f f e r e n t .  

I I T  R E S E A R C H  I N S T I T U T E  
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I '  

B. Extens ion  of the Monte Car lo  Grid PBot t inq  Experiment 

A s i m u l a t i o n  experiment f o r  s t u d y i n g  c l u s t e r  format ion  i n  

a p a i n t  f i l m  was described i n  the l a s t  Q u a r t e r l y  Repor t ,  I n  

t h e  period covered by t h i s  repor t ,  t h i s  experiment was extended 

f r o m  a volume c o n c e n t r a t i o n  of 20% t o  30%" R e s u l t s  a r e  summarized 

i n  Tables  1 and 2, I n  F i g u r e  5 the a b s o l u t e  number of s c a t t e r i n g  

c e n t e r s  per u n i t  volume f o r  t he  extended range  of volume concen- 

t r a t i o n s  a r e  given,  I t  can be seen  t h a t  the occurrence of a 

maximum a t  17% by volume of pigment i s  f u l l y  confirmed by t h i s  

extended d a t a ,  I n  Figure 6 t h e  growth of the v a r i o u s  s i z e d  

c l u s t e r s  i s  shown for  c l u s t e r s  c o n t a i n i n g  less than  s i x  u n i t s "  

The p a r t i c l e  s i z e  d i s t r i b u t i o n  of the c l u s t e r s  formed a t  the 

highest volume f r a c t i o n  is given i n  F igure  7, It can  be seen 

t h a t  the d i s t r i b u t i o n  can be desc r ibed  by the log-normal f u n c t i o n  

and t h i s  conf i rms  the e a r l i e r  work a t  the Power volume concen- 

t r a t i o n s ,  I n  F igure  8 the curve f o r  the r a t e  of ove r l app ing  

i s  g iven  and it  can be s e e n  t h a t  aga in  the work a t  t h e  lower 

c o n c e n t r a t i o n s  i s  confirmed (see Figure  5 ,  I I T R I  Report  U6003-16). 

I l l  R E S E A R C H  I N S T I T U T E  

14 IITRS-U6003-k7 



Table  1 

CLUSTER FORMATION DATA FOR MONTE CARLO EXPERIMENT 

NO.  U n i t s  
i n  C l u s t e r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
1 4  
15 
1 6  
17  
18 
19  
20 
21 
22 
23 
24 
25  
26 
27 
2 8  
29 
30 
31  
32 
33 
34 
35  
36 
37 
38 
39 
4 0  
41 
42 
43  
44 
45  
46  
47 
48  

50 
51 
52 
53  
54 
5 5  

.- 
*Y 

6 0  
6 1  
62  
6 3  
64 
6 5  
66 
67  
6 8  
69  
7 0  
7 1  
72  
7 3  

c u m u l a t i v e  % 

of U n i t s  a t  F r a c t i o n a l  C o n c e n t r a t i o n  C o n c e n t r a t i o n  
Number of C l u s t e r s  Having S t a t e d  Number NO. @ 0. 30 

0.20 

243 
9 3  
58 
23 
2 1  
18 
16 

4 
10 

5 
4 
2 
0 
2 
2 
3 
1 
0 
0 
0 
1 

0.21 

239 
89 
56 
21  
20 
1 5  
16 
10 
8 
7 
6 
3 
1 
3 
2 
2 
1 
0 
0 
0 
0 
1 
0 
1 

0.22 

228 
8 3  
55 
22 
21 
1 4  
1 3  
1 2  
10 
10 
8 
2 
2 
2 
1 
2 
2 
1 
0 
1 
0 
0 
1 
1 

0.23  

213 
84  
56 
21  
1 6  
1 6  
12  
15  
9 

10 
8 
3 
4 
2 
2 
1 
4 
2 
0 
1 
0 
0 
1 
1 

0.24 

19  1 
8 2  
57 
22 
1 5  
18 
10 
14 
10  
9 
7 
6 
3 
1 
1 
3 
1 
2 
1 
2 
0 
0 
1 
0 
0 
1 
0 
0 
2 

0.25 

1 7 4  
83 
52 
22 
17  
19 
10  
13 
11 
11 
5 
4 
6 
1 
3 
1 
1 
2 
1 
1 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
1 

0.26 

155 
76 
49 
21  
19  
1 4  
10 
14  
8 

16 
1 
5 
3 
5 
3 
3 
2 
1 
3 
0 
0 
0 
0 
0 

0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 

m 

0.27 

151 
73  
52 
20 
17 
11 
1 2  
15 

4 
11 

3 
5 
2 
3 
4 
2 
2 
1 
2 
4 
1 
1 
0 
0 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
1 
0 
0 
0 
0 
G 
1 
0 
0 
0 
0 
1 
0 
0 

0 
0 
0 
0 
0 
1 

e " 

0.28  

146  
65  
52  
23 
1 6  
12  
9 

1 3  
6 
9 
3 
3 
3 
3 
3 
5 
3 
1 
2 
0 
2 
3 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
3 
0 

C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 

) 

0.29 

1 3 5  
66 
47 
25 
15 

9 
7 

10 
8 
6 
5 
4 
3 
1 
3 
4 
5 
0 
1 
1 
2 
4 
1 
0 
2 
0 
0 
0 
1 
2 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
2 
0 
0 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 

e 

0.30 

1 2 1  
56 
38  
23 
1 4  

9 
6 

1 3  
8 
6 
4 
3 
3 
1 
5 
4 
3 
2 
0 
0 
0 
4 
4 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
0 
1 
0 
0 
0 
0 
1 
0 
0 
3 
0 
0 
0 
1 
0 

0 
1 
0 
1 
0 
3 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 

n " 

36.7 
53.6 
65.2 
72 .1  
76.4 
79.1  
80.9 
81.8 
84.2 
86 .1  
87 .3  
88.2 
8 9 . 1  
89.4 
90.9 
92 .1  
93.0 

93 .6  
94 .? 
9 6 . 1  

96.4 
96.7 

97.0 
97 .3  

97 .6  

97.9 

98 .2  

98 .5  

98 .8  

99 .1  

99.4 

99 .7  

100 

__ ____ 
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Table 2 

INDEPENDENT SCATTERING CENTER DATA 
(MONTE CARLO EXPERIMENT) 

N o ,  P a i r s  of 
C o o r d i n a t e s  

1580 

1669 

1758 

1841 

1924 

2012 

2110 

2210 

2317 

2417 

2552 

N u m b e r  
Over lapping 

P a r t i c l e s  

180 

199 

218 

231 

244 

262 

290 

320 

3 57 

387 

422 

F r a c t i o n  
P l o t t e d  

0.20 

0.21 

0-22 

0.23 

0-24 

0,25 

0.26 

0-27 

0-28 

0,29 

0 - 3 0  

N o .  Independent 
Sca t te r ing  

C e n t e r s  

506 

501 

49 1 

481 

4 59 

443 

412 

403 

390 

374 

340 

i6 



U 
C 
al 

al 
" U U  

0 

200- U 

: / !  

c 

/ 
I 
i 

A 

A 

/ 
A 

Figure  5 

ABSOLUTE NUMBER OF SCATTERING CENTERS PER UNIT VOLUME 
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1 .  
I 
II I V .  ADDITIONAL, IMPLICATIONS OF MONTE CARLO STUDIES 

A. Metal -F i l led  Conductinq Pa in t  F i l m s  

I n  the development of m i c r o - c i r c u i t r y ,  p a i n t s  have been 

developed which a r e  f i l l e d  wi th  meta l  p a r t i c l e s  s o  t h a t  a t  s u i t -  

a b l e  volume c o n c e n t r a t i o n s  the p a i n t  f i l m  can conduct e l e c t r i c i t y .  

The Monte C a r l o  p l o t t i n g  experiment can be used t o  g a i n  an under- 

s t a n d i n g  of the developKent of conduct ing  p a t h s  w i t h i n  the p a i n t  

f i l m .  A t  the higher c o n c e n t r a t i o n s  used i n  the Monte C a r l o  

experiment i t  is  d i f f i c u l t  t o  l o c a t e  the developing  c l u s t e r s  

w i t h i n  the g e n e r a l  d e n s i t y  of p a r t i c l e s  on the graph pape r ,  I n  

F igu res  9 through 1 2  the l a r g e r  c l u s t e r s  which had developed 

a t  27 t o  30% by volume concen t r a t ion  a r e  o u t l i n e d ,  The e x t e n t  

and c o n f i g u r a t i o n  of the c l u s t e r  i s  shown by t h e  l i n e  t r a c e d  

through the i n d i v i d u a l  p a r t i c l e s .  The sma l l e r  c l u s t e r s  have 

been omi t ted  f o r  c l a r i t y  and no a t tempt  h a s  been made t o  show 

a l l  c l u s t e r s  on each  of the four  diagrams. A d e t a i l e d  d e s c r i p t i o n  

of the c l u s t e r s  growth is given i n  Table  3. 

th is  system which i s  of s p e c i a l  irk erest i n  p r e d i c t i n g  e l e c t r i c a l  

p r o p e r t i e s  i s  the a t t a inmen t  of a cont inuous  p a t h  through the 

uni t  volume and how many p a t h s  ex is t  a t  any h ighe r  c o n c e n t r a t i o n .  

The  maximum volume concen t r a t ion  cons ide red  s o  f a r  i s  no t  s u f f i c i -  

e n t  f o r  cont inuous  p a t h s  t o  be formed but  from Figure 1 2  the 

d i s t r i b u t i o n  of e q u i v a l e n t  l i n e a r  p a t h s  which exis t  a t  t h i s  

volume c o n c e n t r a t i o n  can be c a l c u l a t e d  by measuring the projected 

l e n g t h  of the c l u s t e r  i n  a given d i r e c t i o n ,  

The property of 

I n  Tables  4 and 5 ,  

IIT R E S E A R C H  I N S T I T U T E  
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Table 3 

I 

COMBINED VERTICAL AND HORIZONTAL 
SPAN LENGTH DATA FOR CLUSTERS 

Span 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 
12 
13  
14 
15 
16 
17 
18 
19 
2 0  
2 1  
22 
23 
24 

Cumulative percent number 
a t  0.30 Concen t r a t ion  

18.0 
42.6 
58.6 
68.6 
76.4 
82.6 
85 .2  
88.6 
91.2 
93.0 
95.0 
95.6 
96.0 
96.4 
96.6 
97.2 
97.8 
97.8 
98.2 
98.2 
98.8 
99.8 
99.8 
100.0 

26 



T a b l e  4 

HORIZONTAL SPAN LENGTH DATA FOR CLUSTERS 
FORMED I N  MONTE CARLO EXPERIMENT 

C u m u l a t i v e  % 

C oncent r a t  i on 
Number of C l u s t e r s  H a v i n g  S ta ted  Span a t  N o .  @ 0.30 

Fr act  i o n a l  C o n c e n t r a t i o n s  Span 

18.0 

1 274 270 258 143 117 104 82 78  70  6 1  45 4 6 - 0  
63.2 2 113 106 101 102 108 101 9 4  93  86  84  70  

53 53 53 52 5 1  55 57 56 55 49 43 71.6 3 
4 24 25 29 28 28 25 2 1  20 23 20  2 1  
5 1 5  1 7  18 2 1  22 23 26 18 1 6  17  18 

86.4 6 13  1 2  13 1 2  9 10  11 1 4  12  1 3  1 4  
5 91.6 7 7 8 8 10 12  12  11 11 11 10 

3 4 6 7 6 6 8 7 9 9 13 93.2 8 
2 2 2 1 1 2 4 3 4 4 96,8 9 1 

1 2 2 2 3 3 3 5 6 5 9 98.0 10 
1 1 2 2 3 3 3 3 98.4 11 

1 0 0 1 2 2 1 98.8 1 2  
1 3  
1 4  1 1 1 1 1 1 99.2 

1 0 0 0 99.2 1 5  
1 1 1 99.6 1 6  
0 z 0 99.6 ii 
0 0 0 99.6 18 

0 0 0 99.8 20 
100.0 

.20 . 2 1  .22 .23 .24 .25 -26  .27 .28 .29 .30 

78.8 
84.4 

1 1 1 0 0 0 1 9 9 - 0  

19 0 1 1 59.8 

2 1  1 1 1 

27 
I I T R I  -U60 0 3 - 17 



T a b l e  5 

VERTICAL SPAN LENGTH DATA FOR CLUSTERS 
FORMED I N  MONTE CARLO EXPERIMENT 

Span 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

C u m u l a t i v e  % 
N u m b e r  of C l u s t e r s  H a v i n g  S t a t e d  Span a t  NO. Q 0.30 

F r a c t i o n a l  C D n c e n t r a t i o n s  C o n c e n t r a t i o n  

0 20 

277 
103 
59 
24 
16 
11 
6 
0 
3 
2 

.21 -22 

272 258 
102 96 
56 59 
22 25 
19 17 
13 15 
8 10 
0 1 
3 4 
1 0 
0 1 
0 0 
0 0 
0 0 
1 1 

.23 

141 
96 
59 
24 
24 
16 
8 
3 
5 
0 
1 
0 
0 
0 
1 

.24 

124 
88 
63 
21 
25 
17 
10 
3 
5 
0 
1 
0 
1 
0 
0 
1 
1 

-25 

103 
95 
57 
25 
26 
15 
10 
2 
7 
0 
2 
0 
0 
0 
1 
0 
2 

.26 

82 
77 
56 
24 
27 
13 
15 
2 
7 
0 
2 
0 
1 
0 
0 
1 
2 

.27 

80 
72 
57 
21 
24 
12 
11 
5 
7 
1 
3 
0 
1 
1 
1 
2 
3 
1 
0 
0 
1 

.28 

71 
64 
57 
25 
23 
12 
10 
5 
7 
2 
3 
0 
1 
2 
1 
2 
3 
1 
0 
0 
1 

.29 

62 
62 
53 
23 
19 
15 
9 
4 
11 
1 
3 
0 
1 
2 
1 
2 
4 
1 
0 
0 
1 

.30 

45 
53 
42 
24 
21 
17 
8 
4 
9 
4 
3 
2 
1 
1 
1 
2 
3 
0 
1 
0 
2 
0 
0 
1 

18.0 

39-2 
56-0 
65-6 
74.0 
80-8 
84.0 
85-6 
89.2 
90,8 
52.0 
92.8 
93.2 
93.6 
94.0 
94.6 
95,2 
96-6 
96-6 
96-8 
96.8 
98.0 
98.0 
98.0 

10n n 
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the p r o j e c t e d  c l u s t e r  l e n g t h  on t h e  h o r i z o n t a l  and v e r t i c a l  a x i s  

a r e  given.  The d i s t r i b u t i o n  of these c l u s t e r  l e n g t h s  a r e  given 

i n  F igure  13. It can be seen t h a t , a s  can  be a n t i c i p a t e d  from 

s t a t i s t i c a l  p r o p e r t i e s  of randomly d i s t r i b u t e d  systems ,the d i s -  

t r i b u t i o n  of l e n g t h s  i s  the same i n  each  d i r e c t i o n .  I n  F igure  

14, the two sets of d a t a  f r o m  F igure  13 have been combined t o  

form the b e s t  e s t i m a t e  of the e q u i v a l e n t  l i n e a r  p a t h  l e n g t h s  d i s -  

t r i b u t i o n ,  and t h i s  d i s t r i b u t i o n  w i l l  describe p r o j e c t i o n s  i n  

any d i r e c t i o n  provided t h a t  a s u f f i c i e n t l y  l a r g e  number of 

c l u s t e r s  a r e  cons idered .  This graph can be used t o  s tudy  the 

p r o p e r t i e s  of p a i n t  f i l m  i n  the  fo l lowing  manner. I f  w e  have 

two p a i n t  f i l m s  of t h i c k n e s s  n1 and n 2  pigment d i ame te r s ,  t hen  

f r o m  Figure 14 the r a t i o  of the p r o b a b i l i t i e s  of s t r a i g h t  through 

p a t h s  f o r  the two f i l m s  should be the r a t i o  of the conductances 

of the t w o  f i l m s .  From t h e  expected f l u c t u a t i o n  i n  any given 

p r o b a b i l i t y  of occurrence i t  should be p o s s i b l e  t o  predict f l u c -  

t u a t i o n s  i n  conductances of f i l m s  of the same t h i c k n e s s  and a r e a  

and f o r  f i l m s  of d i f f e r e n t  a r ea .  T h i s  concept  w i l l  be developed 

iiiere fii::y ir; t k  cext - rnnnrt -r -- - w h e n  d a t a  f o r  hiuher c o n c e n t r a t i o n s  

a r e  a v a i l a b l e .  I n  F igu res  1 5  and 16 a r e  given t h e  number of c l u s -  

ters which span up t o  s i x  d i a m e t e r s  a t  v a r i o u s  v a l u e s  of the 

volume c o n c e n t r a t i o n .  

I I T  R E S E A R C H  I N S T I T U T E  
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B. F i l t r a t i o n  Theory 

1. Fibrous  Filters 

Some f i l t e r  systems a r e  made by assembling i n  a random 

manner an a r r a y  of f ibers .  The random i n t e r c e p t s  drawn i n  

F igu res  1 through 4 can be cons idered  a s  u n i t  e lements  i n  a 

f i l t e r  composed of randomly assembled f ibers ,  The  f a c t  t h a t  

the systems drawn by Method A and Method B can both s a t i s f y  the 

d e f i n i t i o n  random and y e t  have d i f f e r e n t  p h y s i c a l  p r o p e r t i e s  

shows the inadequacy of much c u r r e n t  terminology i n  f i l t r a t i o n  

theo ry .  

Two major mechanisms a r e  used t o  c a p t u r e  par t ic les  passed 

through a f i l t e r .  These a r e :  

1. D i r e c t  o b s t r u c t i o n  t o  t h e  passage of a p a r t i c l e  by 

the pore  system of tk f i l t e r  

2.  Capture  of t h e  p a r t i c l e  by s i n g l e  f i b e r s  when the 

p a r t i c l e s  impact on to  t h e  f iber e 

For both  these mechanisms, random f ibers  assembled t o  form 

systems analogous t o  t h o s e  cons t ruc t ed  by Method B w i l l  be 

more e f f i c i e n t  s i n c e  for  t h i s  system the pore  d i s t r i b u t i o n  h a s  

sma l l e r  p r o b a b i l i t y  f o r  the l a r g e r  a p e r t u r e s  and has more f i b e r  

per u n i t  a r e a  when captured  by the second mechanism. 

T h e  e f f e c t i v e  pore  s i z e  d i s t r i b u t i o n  f o r  the f iber  s imula t ion  

systems f o r  F igu res  1 through 4 were measured u s i n g  the g r a t i c u l e  

shown i n  F igure  1 7 ,  

i n  any  a p e r t u r e  de f ined  by t h e  random f ibers  was de f ined  a s  

the e f f e c t i v e  pore s i z e  f o r  the passage of s p h e r i c a l  p a r t i c l e s  

T h e  l a r g e s t  c i rc le  which could be p l aced  

I I T  R E S E A R C H  I N S T I T U T E  
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Figure 17 

GRATICULE FOR DETERMINING PORE S I Z E  
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through the f i l t e r .  The s ize  d i s t r i b u t i o n s  measured f o r  the 

systems i n  F igu res  1 through 4 a r e  given i n  Figures 18 through 

2 1 ,  r e s p e c t i v e l y o  It w i l l  be noted  t h a t  the number of a p e r t u r e s  

f o r  systems drawn by Method A a r e  70, 80, 70 and f o r  the system 

drawn by Method B i s  109. It w i l l  a l s o  be noted t h a t  the p o r e  

s t r u c t u r e  i s  q u i t e  d i f f e r e n t  f o r  the system c o n s t r u c t e d  by 

Method B.  I f  i t  were d e s i r e d  t o  s i m u l a t e  f i b e r  systems i n  

t h i s  way the effect  of the f i b e r  diameter  can be taken  i n t o  

account by d e c r e a s i n g  the r a d i u s  of the c i rc le  cons idered  a b l e  

t o  p a s s  through the s imulated a p e r t u r e  by the magnitude of the 

fiber d i ame te r ,  I f  a f i l t e r  mat i s  c o n s t r u c t e d  by a l lowing  

r e l a t i v e l y  s h o r t  f ibers  t o  f a l l  i n t o  p o s i t i o n  the randomness 

of the f i b e r  system w i l l  be analogous t o  system B s i n c e  t h i s  

cor responds  t o  the equa l  p r o b a b i l i t y  of a l l  p o i n t s  i n  the p l a n e  

of impos i t ion  having  a l i n e  through t h e m .  I f ,  however, long  

f ibers a r e  assembled so  t h a t  the d e n s i t y  of f i b e r s  a t  t h e  

perimeter i s  uniform t h e  f i b r o u s  system is analogous t o  system 

A fo r  a c i r c u l a r  perimeter. 

-1- - Z - - L  LL-L LL- L1.A -rr - thm- i l l =  LaLL L i i a L  L i iG  c . w u  olDLb,,t.-1, E S C ~  ~f ~ k ? F c h  PSC he d ~ f i ~ e d .  

a s  random i n  a technic  a 1  sense ,  have d i f f e r e n t  p r o p e r t i e s ,  s u g g e s t s  

t h a t  i t  may be possible t o  make major advances i n  f i l t r a t i o n  

t h e o r y  by c o n s i d e r i n g  the exac t  meaning of randomness i n  a f iber  

system and d e v i s i n g  techniques f o r  a c h i e v i n g  a random system w i t h  

optimum p r o p e r t i e s .  

I I T  R E S E A R C H  I N S T I T U T E  
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T o t a l  ~i~!?.ber of apertures - 70 

RADIUS OF LARGEST CIRCLE WITH INTEGRAL RADIUS 
PASSING THROUGH APERTURE 

Figure 19 
PORE S I Z E  DISTRIBUTION OF SIMULATED F I L T E R S  (Figure 2 )  
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2. U s e  of Random I n t e r c e p t  Diagrams t o  Devise Monte C a r l o  -- 
Methods f o r  Studyinq Aerosol F i l t r a t i o n  Problems 

The p r e d i c t i o n  of the performance of any f i l t e r i n g  dev ice  

i s  complicated because of the many v a r i a b l e s  which have t o  be 

taken  i n t o  account when c o n s t r u c t i n g  an a p p r o p r i a t e  t h e o r e t i c a l  

system. Many workers have chosen t o  s t u d y  the v a r i o u s  f a c t o r s  

which a r e  known t o  i n f l u e n c e  f i l t e r  performance i n  i s o l a t i o n .  

Thus e f f ec t s  due t o  the fow c o n d i t i o n s  or  t o  t h e  e l e c t r o s t a t i c  

f o r c e s  a r e  s t u d i e d  s e p a r a t e l y .  It is  d i f f i c u l t  t o  a s s e s  the 

u s e f u l l n e s s  of these s t u d i e s  t o  a c t u a l  f i l t r a t i o n  systems 

because of t h e  s u b t i l e  way i n k i c h  these v a r i a b l e s  i n t e r a c t .  

One way of s tudy ing  t h e  behavior of complex i n t e r a c t i n g  systems 

i s  t o  c o n s t r u c t  an a b s t r a c t  model i n  which the major v a r i a b l e s  

have been s imula ted  and which can  be used t o  predict the orders 

of importance of t h e  v a r i o u s  mechanisms by u s i n g  the model a s  a 

b a s i s  f o r  a Monte C a r l o  experiment.  I n  a Monte C a r l o  r o u t i n e  a 

success ion  of e v e n t s  a r e  s imulated u s i n g  the a b s t r a c t  system 

and t h e  behavior  of the model a s  i t  undergoes these success ive  

cvente  is Stl_?d.iPd - 

Consider t h e  system of F igure  1 t o  be a set of s imula ted  

f i l m s  f o r  a g iven  f i l t e r  system., T o  s imula t e  p a r t i c l e  c a p t u r e  

w e  now use  another  t r a n s p a r e n t  sheet of paper  on which a random 

set of p a r t i c l e  p r o f i l e s  i s  f i x e d  by the p o s t u l a t e d  c h a r a c t e r -  

i s t ics  of the d i s t r i b u t i o n  of p a r t i c l e s  i n  an a i r  s t ream,  This  

s imula t ed  set of p a r t i c l e s  can be p laced  on top of the f i b e r s  

i n  many p o s i t i o n s  and t h e  p r o b a b i l i t y  of c a p t u r e  s imula t ed ,  I n  
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t h i s  way the effect  of t h e  i n t e r a c t i o n  of a random s t r eam of 

p a r t i c l e s  encoun te r ing  random fibers can be p r e d i c t e d .  

effect  of the f i b e r  diameter  can be s imula ted  by drawing a d o t t e d  

l i n e  a t  a d i s t a n c e  of h a l f  a f i b e r  wid th  around the p a r t i c l e  

p ro f i l e .  T h i s  h a s  been i l l u s t r a t e d  f o r  s e v e r a l  p a r t i c l e s  i n  

Figure 22 .  I t  is o f t e n  u s e f u l  t o  t h i n k  of p a r t i c l e s  pu r su ing  a 

random walk through the f i b e r o u s  system, Thus, imagine a com- 

p o s i t e  f i l t e r  t o  c o n s i s t  of many s e c t i o n s  l i k e  t h o s e  of F igure  1 

i n  series w i t h  each o the r .  

many f i l t e r  s e c t i o n s  would be r equ i r ed  t o  c a p t u r e  a l l  the par -  

t i c l e s  of F igure  22.  W e  could have a series of drawings l i k e  

t h a t  of Figure 1 each  of which could  be p l aced  on t o p  of F igure  

22 i n  many random o r i e n t a t i o n s  and the experiment could  be r e p e a t -  

ed  u n t i l  a l l  p a r t i c l e s  w e r e  cap tured .  Each supe r -pos i t i on  of the 

s imula ted  f i b e r  system would be a step i n  the random walk of 

the par t ic les  t k z u q h  the f i l t e r .  

The 

Imagine w e  wanted t o  p r e d i c t  how 

The concepts  of t h e  above d i s c u s s i o n  can obviously be 

extended t o  any system of f i b e r s  e i ther  the r e g u l a r  p a t t e r n  of 

a woven c l o t h  or the o r i en ta t iu r l  uf the b r i c t l e s .  DE ;I brush 

f i l t e r .  It i s  even p o s s i b l e  t o  s imula t e  the e f f e c t  of r o t a r y  

motion. For i n s t a n c e  i n  the case  of the system shown i n  F igu res  1 

through 4 ,  the f i b e r  system could be r o t a t e d  a d e f i n i t e  d i s t a n c e  

s i m u l a t i n g  the movement occuring for  a given movement of a i r  

s team through t h e  system and the inc reased  c a p t u r e  r a t e  s t u d i e d ,  
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SIMULATED RANDOM ARRAY OF PARTICLES 
I N  AN AIR STEAM 

---- deno tes  encounter  d iameter  

I I T  R E S E A R C H  I N S T I T U T E  

43 IITRI-U6003-17 



. 

It i s  a n t i c i p a t e d  t h a t  the u s e  of Monte C a r l o  techniques  

f o r  s i m u l a t i n g  the random walk of p a r t i c l e s  through a f i l t e r  

system could  be v e r y  u s e f u l  for  i n v e s t i g a t i o n  c a p t u r e  e f f i c i e n c y  

of v a r i o u s  f i b e r  element o r i e n t a t i o n s  and the e f f e c t s  of r o t a t i o n  

of the f i l t e r i n g  mechanisms. 
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