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GROOVED IMPACTOR AND I N E R T I A L  TRAP FOR 

SAMPLING INHALABLE PARTICULATE MATTER 
. . 

B a c k g r o u n d  o f  t h e  ~ n v e n t i o n  

The  i n v e n t i o n  d e s c r i b e d  h e r e i n  a r o s e  a t  t h e  

L a w r e n c e  B e r k e l e y  L a b o r a t o r y  u n d e r  C o n t r a c t  No. 

W-7405-ENG-48 b e t w e e n  t h e  U n i t e d  S t a t e s  D e p a r t m e n t  o f -  

~ n e r . ~ ~  a n d  t h e .  U n , i v e r s i  t y  o f  C a ' l i f o r n i a .  . . . .. . - .- - - . -. ... . 

The  i n v e n t i o n  r e l a t e s  t o  a i r  p o l l u t i o n  

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

s a m p l e s ,  a n d ,  m o r e  p a r t i c u l a r l y ,  t o  a n  i n e r t i a l  t r a p  a n d  

a  g r o o v e d  i m p a c t o r .  f o r  s a m p l  i n ' g  i n h a l a b l e  p a r t i c u l a t e  

m a t t e r .  

. I n  many c a s e s  w.here a i r  . p o l l u t i o n  i s  

monitored, i t  i s  d e s i r e d  t o  c o l l e c t  o n l y  t h e  p o l l u t a n t s  

l i k e l y  t o  c a u s e  h a r m  t o  p e o p l e .  S i n c e  p e o p l e  n o r m a l l y  

h a v e  a  b u i l t - i n  f i l t e r  s y s t e m  t h a t  p r e v e n t s  a i r b o r n e  

p a r t i c l e s  l a r g e r  t h a n  1 5  m i c r o m e t e r s  f r o m  r e a c h i n g  t h e  

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

l a r g e r  p a r t i c l e s  i f an a c c u r a t e  s a m p l i n g  o f  p o t e n t i a l l y  

h a r m f u l  p a r t i c u l a t e  m a t t e r  i s  t o  d e  c o l l e c t e d .  

P a r t i c u l a t e  s a m p l c r s  o f  v a r i o u s  t y p e s  a r e  

k n o w n  i n  t h e  a r t  as  e x e m p l i f i e d  b y  U. S .  P a t e n t s  No. 

3 , 2 5 2 , 3 2 3 ,  i s s u e d  May 24 ,  1 9 6 6 ,  t o  W .  L .  T o r g e s o n ;  No. 

3 ,795 ,135 ,  i s s u e d  M a r c h  5 ,  1 9 7 4 ,  t o  A .  A .  A n d e r s o n ;  No. 

4 , 1 3 3 , 2 0 2 ,  i s s u e d  J a n u a r y  9,  1 9 7 9 ,  t o  V .  A,. M a r p l e ;  a n d  



No. 4,255,172,  i s s u e d  M a r c h  10 ,  1981 ,  t o  M .  L .  S m i t h .  

I n  a d d i t i o n ,  c o - p e n d i n g  U.  S .  A p p l i c a t i o n  S e r i a l  No. 

134,351 f i l e d  M a r c h  27,  1980 ,  d e s c r i b e s  a n d  c l a i m s  a  

h i g h  e f f i c i e n c y  v i r t u a l  i m p a c t o r  f o r  d i v i d i n g  a  

p a r t i c l e - c o n t a i n i n g  g a s  f l o w  i n t o  c o a r s e  a n d  f i n e  

p a r t i c l e - c o n t a i n i n g  f l o w s  ' f o r  p a r t i c l e '  c o l l e c t i o n .  

F u r t h e r ,  an i n e r t i a l  i m p a c t o r  u t i l i z i n g  a  s i m p l e  c u p  

i m p a c t o r  i s  d e s c r . i b e d  i n  an a r t i c l e  b y  B .  Y .  H .  L i u  e t  

a1 e n t i t l e d  ' ~ e r o s o l  .Samp l ing  I n l e t s  a n d  I n h a l a b l e  

P a r t i c . l e s M ,  P a r t i c - l e  T e c h n o l o g y  L a b o r a t o r y  P u b l i c a t i o n  

No. 397 ,  U n i v e r s i t y  o f  M i n n e s o t a ,  M i n ' n e a p o l i  s ,  M inn. ,  

O c t .  1979 .  

P r o b l e m s  , a s s o c i a t e d  w i t h  t h e  p r i o r  known  

.15 p a r t i c l e  s a m p l i n g  a p p a r a t u s  r e l a t e  t o  ' p a r t i c l e  b o u n c e ,  
r e e n t r a i n m e n t ,  and t h e  a c c u m u l a t i o n  o f  d e b r i s  o r  w a t e r  

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

. r e g i o n ,  s u c h .  t : ha t . ,  p a r t i c l e s  1  a r g e r  t h a n  t h o s e  d e s i r e d  

( 1 5  m) a r e  n o t  r e e n t r a i n e d  i n  t h e  s m a l l e r  p a r t i c l e  

20  f l o w .  Thus ,  a  n e e d  r e c o g n i z e d  i n  t h e  a r t ,  i s  a  m e t h o d  

o r  a p p a r a t u s  f o r  r e d u c i ' n g  . o r  e l i m i n a t i n g  p a r t i c l e  b o u n c e  

and a s s o c i a t e d  r e e n t r a i n m e n t  t h e r e o f  . v a r i o u s  p r i o r  

a r t  a p p a r a t u s  h a v e  b e e n  d i r e c t e d  t o  s e p a r a t i n g  m a t e r i a l  

b y  u s e  o f  c u r v e d  members,  r i d g e d  o r  a n g l e d  members, 

2 5  e t c . ,  w h i c h  f u n c t i o n  t o  s l o w  t h e  f l o w  o f  ' t h e  m a t e r i a l  
' d u r i n g  s e p a r a t i o n  t h e r e o f .  Such i s  e x e m p l i f i e d  b y  U. S. 

P a t e n t s ' N o .  555,553,  i s s u e d  M a r c h  3,  1896 ,  t o  E. A u s t i n ;  

. '  No. 1 ,519,428,  i s s u e d  December 16 ,  1924,  t o  J. A .  

W i l i s c h ;  No. 3,623,828,  i s s u e d .  November 30 ;  1971 ,  t o  H.  

3 0  S h a p i r o ;  and  No. 4,275,566,  i s s u e d  J u n e  30,  1981,  t o  J .  
. . 

W .  Bonn.  W h i l e  t h e  p r i o r  known a p p a r a t u s  h a v e  b e e n  

e f f e c t i v e  i n  p r o d u c i n g  t h e  d e s i r e d  r e s u l t s ,  n o n e  h a s  

p r o v i d e d  a  s o l u t i o n  t o  t h e  a b o v e - d e s c r i b e d  p r o b l e m  

a s s o c i a t e d  w i t h  p a r t i c l e  b o u n c e ,  r e e n t r a i n m e n t ,  e t c . ,  i n  

a i r  r n o n i t o r i n y  d r ~ d  s a n t p l  i r t y  a p p a v d t u s .  



T h e r e f o r e ,  i t  i s  an o b j e c t  o f  t h i s  i n v e n t i o n  

t o  p r o v i d e  a  p a r t i c u l a t e  s a m p l i n g  a p p a r a t u s  w h i c h '  

s u b s t a n t i a l l y  e l i m i n a t e s  t h e . p r o b l e m s  a s s o c i a t e d  w i t h  

p a r t i c l e  b o u n c e  and r e e n t r a i n m e n t .  

A f u r t h e r  o b j e c t  o f  t h e  i n v e n t i o n  i s  t o  

p r o v i d e  a  p a r t i c u l a t e  s a m p l i n g  d e v i c e  w h i c h  i n c l u d e s  a n  

i n e r t i a l  t r a p  and  i m p a c t o r .  

A n o t h e r  o b j e c t  o f  t h e  i n v e n t i o n  i s  t o  p r o v i d e  

an a p p . a r a t u s  f o r  s a m p l i n g  a i , r b o r n e  p a r t i c l e s  w h i c h  w i l l  

p r o v i d e  a  s h a r p  t r a n s m i s s i o n  e f f i c i , e n c y  p a r t i c l e  c u t o f f  

a t  15  m i c r o m e t e r s  ( o r  o t h e r  p a r t i c l e  s i z e  c u t  d e s i r e d ) .  

A n o t h e r  o b j e c t  o f  t h e  i n v e n t i o n  i s  t o  p r o v i d e  

an i n e r t i a l  t r a p  and  i m p a c t o r  f o r  i n h a l a b l e  p a r t i c u l a t e  

m a t t e r . w h i c h  u t i l i z e s  a  t a p e r e d  and  g r o o v e d  i m p a c t o r  

h.e'ad f o r  p r e v e n t i n g  p a r t i c l e  b o u n c e  a n d  p a r t i c l e  
. . -. . . . : i 

1 . . 
r e e n t r a i n m e n t .  

O t h e r  o b j e c t s  o f ' t h e . i n v e n t i o n  w i l l  become 

a p p a r e n t  t o  t h e s e  s k i l l e d  i n  t h e  a r t  i n  v i e w  o f  t h e  

f o l l o w i n g  . d e s c r i p t i o n  a n d  a c c o m p a n y i n g  d r a w i n g s .  
. . 

Summary ' o f .  t h ' e  ~ n v e n t i o n  

The p r e s e n t  i n v e n t i o n  p r o v i d e s  a  s o l u t i o n  t o  

t h e  a b o v e - r e f e r e n c e d  p r o b l e m s  a s s o c i a t e d  w i t h  p a r t i c l e  

b o u n c e ,  r e e n t r a i n m e n t ,  e t c . ,  i n  a  p a r t i c u l a t e - s a m p l i n g  

a p p a r a t u s .  T h i s  i s  a c c o m p l i s h e d  b y  u t i l i z i n g  a  s a m p l i n g  

a p p a r a t u s  h a v i n g  an i n e r t i a l  t r a p  and i m p a c t o r  w h i c h  

p r o v i d e s  t h e  d e s i r e d  s h a r p  c u t o f f  f o r  p a r t i c l e s  o v e r  15  

m i c r o n s ,  w h e r e i n  t h e  i m p a c t o r  h e a d  has  a  t a p e r e d  u p p e r  

s u r f a c e  p r o v i d e d  w i t h  V - s h a p e d  g r o o v e s .  The g r n n v e s  

p r e v e n t  o r  s u b s t a n t i a l l y  e l i m i n a t e  p a r t i c l e  b o u n c e ,  a n d  

a n y  p a r t i c l e  b l o w - o f f  o r  r e e n t r a i n m e n t  i s  i n t e r c e p t e d  b y  



t h e  i n e r t i a l  t r a p  and d i r e c t e d  i n t ' o  a  p a r t i t i o n e d  

r e s e r v o i r .  

M o r e  p a r t i c u l a r l y , .  t h e '  p r e s e n t  i n v e n t i o n  

' p r o - v i d e s  an  i n h a l a b l e  p a t i c u l a t e  s a m p l e r  w i t h  a  
3  1 5 - m i c r o n  c u t o f f  and a  f l o w  r a t e  o f  a b o u t  1  m  / h r .  

The p a r t i c l e  b o u n c e  b y  a  s i n g l e  b a c k s c a t t e r i n g  o f  v e r y  

e l a s t i c  s p h e r i c a l '  p a r t i c l e s  i s  e l i m i n a t e d  b y  c o v e r i n g  

t h e  i m p . a c t o r  h e a d . w i t h  c o n c e n t r i c  V -shaped  g r o o v e s  w i t h  

o p e n i n g  a n g l e s  o ' f . l , e s s  t h a n  90 " .  B a c k s c a t t e r i n g  t h r o u g h  

d ' o u b l e  and  t r i p p l e  b o u n c e s  a r e  a l s o  s u p p r e s s e d  i f  t h e  

o p e n i n g  a n g l e s  o f  t h e  g r o o v e s  a r e  d e s i g n e d  t ' o  b e  u n d e r  

4.5' and  30 '  r e s p e c t i v e l y . .  A p r a c t i c a l  1511 m  c u t p o i n t '  

d e s i g n  c a l l s  f , o r  g r o o v e s  a b o u t  J . 2 7  mrn w i d e  w i t h  a n  

o p e n i n g  a n g l e  o f  35 '  and f o r m i n g  c o n c e n t r i c  r i n g s  o n  a  

5 "  t a p e r  o r  s l o p e  o n  t h e  i m ' p a c t o r  h e a d  f r , om t h e  c e n t e r  

o u t w a r d l y .  The i m p a c t o r  i s  f u l l y  s h i e l d e d  f r o m  t h e  

e x t e r n a l  w , i n d ,  b y  . a -  . c o v e r  a r r a n g e m e n t .  The downward  
. . .  . 

s l o p e  o f  t h e  i m p b c t o r  h e a d  h e l p s  t o  d i r e c t '  a n y  w a t e r  a n d  

l o o s e  m a t e r i a l  i n t o  t h e  p e r i p h e r a l  i n e r t i a l  t r a p  a n d  

e v e n t u a l l y  i n t o  a  r e s e r v o i r  . t h e r e b e l o w .  

. . 

B r i e f  D e s c r i p t i o n  o f  t h e  D r a w i n g s  

~ i ~ u r e  1  i s  a  c u t - a w a y  v i e w  o f  an  e m b o d i m e n t  

o f  a '  p o r t i o n  o f  an i n h a l a b l e  p a r t i c u l a t e  s a m p l e r  

u t i l i z i n g  t h e  i n e r t i a l  t r a p  and  i m p a c t o r  o f  t h e  

i n v e n t i o n ;  

F i g u r e . 2  i l l u s t r a t e s  an  e n l a r g e d  c r o s s  s e c t i o n  

o f '  t h e  p a r t i c l e  s i z e  s e p a r a t o r  o f  t h e  F i g .  1  s a m p l e r  

m e c h a n i s m ;  a n d  

F i g u r e  3 i l l u s t r a t e s  a  f u r t h e r  e n l a r g e d  

s e c t i o n  ' o f  t h e  i m p a c t o r  and i n e r t i a l  t r a p  o f  F i g .  2 ,  

made i n  a c c o r d a n c e  w i t h  t h e  i n v e n t i o n .  



Detailed Description of the Invention 

The invention is directed to an inertial trap 

and impactor for inhalable particulate inlets of a . . 

particle size separator having a particulate inlet with 

5 a 15-micron cutoff and capable of operation with a flow 
3 rate of 1 m Ihr, for example. A compact impactor cup 

is used to achieve a sharp cutoff with minimal wail loss 

and disturbance due to the local wind trajectories. An 

inertial trap and a partitioned reservoir are used to 

arrest' particle bounce, reentrainment and collect water, 

etc. The worst case of particle bounce by 

backscattering of very elastic spherical' particles is 

limited to under. 2% by covering the impactor head with 

concentric V-shape'd grooves with opening angles of about 

35". The impactor head is provided with a taper or 

downward slope of about 5O, for example, which helps to 

d.i r e ~ t - . - a n y . . . y a t e r . ~ a - ? d  1 oose materi a1 into the peripheral 

inertial trap and eventually into a reservoir having a 

volume of 60 ml, for example. 

Referring now to the drawings; Fig. 1 shows a 

cut-away of an upper portion of an inhalable paticulate 

sampler utilizing a particle-size separator, shown in 

greater detail in Fig. 2, which incorporates the 

inertial trap and impactor . arrangement . of the present 
; .  . . . .. 

invention, shown in detail in Fig. 3. 

~he'illustrated portion of the inhalable 

particulate sampler of Fig. 1 basically comprises an 

inlet section generally indicated at 10, and a 

particle-size separator section generally indicated at 

1 1  which is adapted to be attached via connection 12 to 

detection and monitoring mechanism, not shown. The 

inlet sectlon 10 basically curls i s t s  of a funnel-shaped 

assembly 13 terminating in an acceleration nozzle 14, 

and a cover assembly 15 is positioned on and secured to 



f a n n e l - s h a p e d  a s s e m b l y  1 3  t h r o u g h  w h i c h  a i r  t o  b e  

m o n i t o r e d  p a s s e s  i n t o  p a r t i c l e - s i z e  s e p a r a t o r  s e c t i o n  

11 .  The a i r  e n t e r s  t h r o u g h  an a n n u l a r  s l i t  b e t w e e n  a  

d e f l e c t i o n  c o n e  16 a n d  a  g u a r d - r i n g  17 o f  t h e  c o v e r  

a s s e m b l y  15 w h i c h  h e l p s  t o  make t h e  i n l e t  s e c t i o n  1 0  

more '  w e a t h e r p r o o f  b y  s t o p p i n g  r u n o v e r s  f r o m  r a i n  

s p l a s h e s . .  V a r i a t i o n s  i n  e f f i c i e n c y  as  a  f u n c t i o n  o f  

w i n d  s p e e d  h a v e  b e e n  r e d u c e d  b y  d e f l e c t i n g  t h e  i n c o m i n g  

a i - r  s t r e a m .  b y  t h e  d e f l e c t i o n  c o n e  i n t o  a  d e c e l e r a t i o n  

chamber  1 8  f o r m e d  b y ' f u n n e l - s h a p e d  a s s e m b l y ' l 3 .  The 

s t a g n a t e d  a , i r  i s  t h e n  p a s s e d  t h r o u g h  n o z z l e  1 4  o n t o  an 

i m p a c t o r  1 9  o f . t h e  p a r t i c l ' e - s i z e  s e p a r a t o r  s e c t i o n  11 .  

. . F i g u r e  2' i l l u s t r a t e s  t h e  p a r t i c l e - s i z e  

s e p a r a t o r  s e c t i o n  1 1  and t h e  a i r  f l o w  ' t h e r e t h r o u g h .  The 

a i r  f r o m  i n l e t  s e c t i o n  1 0  i s  d r a w n  t h r o u g h  a c c e l e r a t i o n  

n o . z z l e  1 4  and  d i r e c t e d  o n t o  an u p p e r  s u r f a c e  2 0  o f  a  

h e a d  21  o f  i m p a c t o r  1 9 ,  h e a d  2 1  h a v i n g  a  s l i g h t l y  

c o n i c a l  c o n f i g u r a t i o n  p r o d u c e d  b y  a  d o w t i w a r d  o r  o u t w a r d  

s l o p e  o f  5', f o r  e x a m p l e , a s  . i l l u s t r a t e d  i n  F i g .  3 .  The 

downward  s l o p e  o f  t h e  u p p e r  s u r f a c e  o f  i m p a c t o r  h e a d  21  

may v d r y  f r o m  2' t o  8'  and  h e l p s  t o  d i r e c t  a n y  w a t e r  and  

l o o s e  m a t e r i a l  i n t o  a  p e r i p h e r a l  i n e r t i a l  t r a p  22  f o r m e d  

b y  a  s p a c e  i n t e r m e . d i a t e '  i m p a c t o r  h e a d  2 1  a n d  a  

w a l l - f o r m i n g  member 23  p o s i t i o n e d  w i t h i n  an o u t e r  t u b i n g  

o r  h o u s i n g  24.  M a t e r i a l  p , a s s i n g  i n t o  t r a p  22  i s  

c o l l e c t e d  i n  a  ' r e s e r v o i r  25  w h i c h  may h a v e  a  v o l u m e  o f  

6 0  m l ,  f o r  e x a m p l e .  Any a n g u l a r  momentum i n  t h e  

i n c o m i n g  a i r  J e t  o r  a s y m m e t r y  i n  t h e  r a d i a l  f l o w  a t  t h e  

i m p a c t o r  s u r f a c e  2 0  t e n d s  t o  c a u s e  some s t r e a m l i n e s  t o  

make a  s p i r a l  e x c u r s i o n  i n t o  t h e  r e s e r v o i r  2 5  a n d  

d e p o s i t  p a r t i c l e s  u n i n t e n t i o n a l l y .  Such p e n e t r a t i o n  . o f  

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

t h e  i m p a c t o r  t r a n s m i s s i o n  c u r v e .  To m i n i m i z e  t h i s  

u n d e s i r e d  e f f e c t . ,  f n ~ . r r  . ( 4 )  p a r t  i t . i o n  v a n e s  2 6  ( o n l y  t w o  

shown i n  F i g .  1 )  a r e  s e c u r e d  i n  r e s e r v o i r . 2 5  b e t w e e n  

i m p a c t o r  1 9  a n d  w a l l - f o r m i n g  member 23 t o  d i v i d e  



r e s e r v o i r  25 i n t o  f o u r  ( 4 )  s e c t i o n s .  W a l l - f o r m i n g  

member 23  i n c l u d e s  an u p p e r  s e c t i o n  27 o f  g r e a t e r  

t h i c k n e s s  w h i c h  i s  l o c a t e d  w i t h  r e s p e c t  t o  i m p a c t o r  h e a d  

21 s o  as  t o  d e f i n e  t h e  d e s i r e d  e n t r a n c e  d i s t a n c e  o r  

m o u t h  w i d t h  o f  i n t e r i a l  t r a p  22 .  The f o l d e d  a i r  f l o w  

g e o m e t r y  i n  t h e  p a r t i c l e  s i z e  s e p a r a t o r  s e c t i o n  11,  a s  

i n d i c a t e d  b y  t h e  f l o w  a r r o w s  i n  F i g .  2 ,  g i v e s  r i s e  t o  a  

c o m p a c t  e x t e r n a l  b o d y  w h i c h  m i n i m i z e s  t h e  i n t e r f e r e n c e  

b y  t h e  i n l e t  s e c t i o n  1 0  o n  t h e  o n c o m i n g  w i n d  

t r a j e c t o r i e s .  

. . 

An i m p o r t a n t  o b j e c t i v e  o f  t h e  p a r t i c l e - s i z e  

s e p a r a t o r  s e c t i o n  1 1  i s . t h e  a b i l i t y  t o  p e r f o r m  r e l i a b l e ,  

u n a t t e n d e d  s a m p l i n g  i n  t h e  f i e l d  f o r  an e x t e n d e d  

p e r i o d .  F o r  e x a m p l e ,  many s a m p l i n g  d e v i c e s  ' u s e  

i m p a c t o r s  w h i c h  e m p l o y  v a r i o u s  t e c h n i q u e s  f o r  c o a t i n g  

t h e  i m p a c t o r  s u r f a c e  w i t h  a  s t i c k y . s u b s t a n c e  t o  p r e v e n t  

p . a r t - i  c1.e bo~nce,. :~..P-art  i c . l e  b o u n c e  a t  t h e  i m p a c t o r  h e a d  

c a n  b e  c l a s s i f i e d  i n t o  t,wo c a t e g o r i e s  d e p e n d i n g  o n  

w h e t h e r ' t h e  e x i t  a n g l e  o f  t h e  p a r t i c l e  w i t h  r e s p e c t  t o  

t h e  s t r e a m l i n e s  n e a r  t h e  s u r f a c e  i ' s  l a r g e ' o r  s m a l l .  A s .  

c a n  b e  s e e n  i n  F i g .  3 , .  i ' f  a  l a r g e  p a r t i c l e  d o e s  n o t  

a d h e r e  t o t h e  i m p a c t o r  h e a d  i t  t e n d s  t o  b e  s w e p t  

r a d i a l l y  o u t w a r d s  b y  t h e  s u r f a c e  s t r e a m l i n e s ,  i n d i c a t e d  

b y  t h e  d i r e c t i o n a l  a r r o w s ,  s u c h  t h a t  t h e  p a r t i c l e  i s  

s w e p t  t h r o u g h  t h e  i n e r t i a l  t r a p  and  d e p o s i t e d  i n  t h e  

r e s e r v o i r  w h e r e  i t  i s  n e v e r  s u b j e c t  t o  f u r t h e r  

r e e n t r a i n m e n t .  The same p r o c e s s  a p p l i e s  t o  a n y  d e b r i s  

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

head .  However ,  i f  a  v e r y  s y m m e t r i c a l  b o u n c y  p a r t i c l e  o r  

s u b s t a n c e  makes a  n e a r  1 8 0 "  v e r t i c a l  b o u n c e  o f  s e v e r a l  

m i l i m e t e r s  (mm) a f t e r  h i t t i n g  a  h a r d ,  s u b s t a n t i a l l y  

f l a t ,  i m p a c t i o n  s u r f a c e ,  i t  h a s  a  c h a n c e  t o  b e  c a r r i e d  

b y  t h e  u p p e r  s t r e a m l i n e s  i n t o  t h e  f l o w  o f  s m a l l  ( l e s s  

t h a n  1 5  111) p d r . t i c l e s .  T h e  p r e s e n t  i n v e n t i o n  e l i m i n a t e s  

t h i s  t y p e  o f  p a r t i c l e  b o u n c e  o r  b a c k s c a t t e r i n g .  



As more clearly illustrated in Fig. 3, the 

upper surface 20 of impactor head 21 i s  provided with, 

concentric V-shaped grooves 29 having an opening angle 

indicated at a of about 3 5 ' .  If the opening angle of 
t h e  grooves 29 is less than 90°then an incoming 

particle in the vertical di'rection must scatter forward 
into a groove. Similarly, opening angles of less than 

45' and 30°,will 'prevent secondary and tertiary back 

.scat.tering. Due to the grooved surface 20, there is' 

little flat surf'ace oriented for large-angle 

backscatter; and when the grooves 29 are filled with 

ambient aerosol, the particle impact tends to be . . 

inelastic.. Resuspended material which tends not to have 

a high vertical velocity component will be swept. 

radially outwardly' by the surface stream1 ines and thus 

be caught efficiently by the inertial trap 22. In the 

embodiment illustrated in Fig.. 3, the grooves 29 have 

opening angles a of 35' with a depth indicated at c of 

2.0 mm, thedownward slope indicated at b of impactor 

head surface 20 being 5". Note that the outer upper 

periphery of impactor head 21 is curved, as indicated, 

at 30'to increase the efficiency of the inertial trap 

22. The perf.ormance is independent of groove size and 

angle,, provided that the groove opening angle is about 

a n  order of magnitude smal le,r 'than the characteristic 

diameter of the associated air jet through nozzle 14 so 

as n o t t o  affect the original flow characteristics. 

Various tests have been conducted which . 

establish that there is a significant reduction in 

particle bounce when an impactor h e a d  is provided with 

grooves in accordance with the present invention. For 

example, in tests using symmetrical bouncy particles, 

the total particle bounce of the grooved impactor was 

rrld~.~cc?d to less t h a n  2% of the bounce of 'a f1,at 
(nongrooved) impactor. For further desciption of the 

tests, attention is directed to report LBL-11682 

entitled "A' New Inhalable Particulate Impactor with 

Inertial Trap", bearing a date of January 1981, by 



Billy W. Loo et al, Lawrence Berkeley Laboratory, 

Berkeley, California, said report being incorporated 

herein by reference. 

It has thus been shown that the present 

inv,ention' provides a c'ompact inerti a1 size separator 

having a sharp particle siz,e cut-off for sampling or 

monitor,ing apparatus. Through the use of the inertial 

trap and grooved impaction surface, traditional problems 

of particle bounce and reentrainment have been virtually 

eliminated. An inherent advantage of the inertial trap 

is that bounce-off or blow-off particles are immediately 

removed from the air f.low region so that resuspension of 

these materials after prolonged field operation will not 

be possible. 

Since the size separator.using inertial trap 

a.nd grooved impactor of this inventfon is based on the -- - - . . . - . .- - . . .- . ... =- ... .+ . . . 

well-understood th'eory of'jet impaction, the various 

features described above can be generalized readily to 

other situations where different flow rates and cutoff 

points are c'.alled for. .The apparatus utilizing the 

'inertial trap and grooved impactor is designed for quick 

disassembling for field service and to provide an 

intialable particle sampler with a. reliable weatherproof 

inlet. Thus, the present, invention overcomes the 

-problems'of the prior known particle-size samplers, thus 

substantially advancing the state of this art. 

While a particular emb'odiment of the invention 

has been illustrated and/or described, modifications 

will become apparent to those skilled in the art, and it 

is intended to cover in the appended claims all such 

modifications as come within the scope of this invention. 



A b s t r a c t  o f  t h e  D i s c l o s u r e  

' 

A n  i n e r t i a l  t r a p  and g rooved  i m p a c t o r  f o r  

prov. i .d ing a  s h a r p  c u t o f f  f o r  p a r t i c l e s  o v e r  1 5  m i c r o n s  
. . 

f r om e n t e r i n g  an i n h a l a b l e  p a r t i c u l a t e  s a m p l e r .  ' i h e  
i m p a c t o r  head  h a s  a  t a p e r e d  s u r f a c e  and i s  p r o v i d e d  w i t h  

V- shape ' d  g r o o v e s .  The t a p e r e d  s u r f  a c e  f u n c t i o n s  f o r  

r e d u c i n g  p a r t i c l e  b l o w - o f f  o r  r e e n t r a i n m e n t  w h i l e  t h e  

g r o o v e s  p r e v e n t  p a r t i c l e  bounce .  Water d r o p l e t s  and  any  
r e s u s p , e n d e d  m a t e r i a l  o v e r  t h e  1 5  m i c r o n  s i z e  a r e  
c o l l e c t e d  by t h e  i n e r t i a l  t r a p  and d e p o s i t e d  i n  a  

r e s e r v o i r  a s s o c i a t e d  w i t h  t h e  i m p a c t o r .  



FIG. 1 








