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INTRODUCX ION 

The c l r s e i c a l  dilemma i n  wind tunnel laeer  velocimetry is the necessity t o  pro- 
vide flerw entrained par t ic lee  large enough f o r  detection by the l a s e r  velocimeter 
(LV) ryrtem ye t  emall enough t o  closely follow the gas velocity gradients. The 
umber daruity of proper s i z e  i n t r i n s i c  pa r t i c l e s  is oftentimes inadequate f o r  pro- 
ductive LV operations, especial ly i n  closed-circuit wind tunnels,  so  tha t  pa r t i c l e  
seeding of the  flow is required. An i d e a l  aerosol generatcr fo r  wind runnel seeding 
purpwrr car. be defined ae m e  which has the  following charac ter is t ics :  

monodiepersed pa r t i c l e  s i z e  d is t r ibut ion  
se lec table  pa r t i c l e  s i z e  
control lable p a r t i c l e  production r a t e  
pa r t i c l e s  with la rge  sca t t e r ing  cross sect ion 
pa r t i c l e s  with low maes density 
rim- toxic, non-contdnat ing  and i n e r t  aerosol 
long pa r t i c l e  l i fe t ime i n  the t e s t  environment 
seed material readily available and reasonably priced 

Several d1fferei.t processes can be exploited fo r  seed pa r t i c l e  generation pur- 
poisea. Theee include ; 

1. f lu id iza t ion  of s o l i d  pa r t i c l e s  
2. atomization of l iquids  

. 3. vaporization/condensation of l iquids 
4. atomization of s o l i d  p a r t i c l e  suspensions 
5. atomization of s o l i d  material solut ions 
6. chemical reaction 
7. combustion 

In pract ice,  a l l  of these processes f a l l  shor t  of the idea l ,  with monodispersity 
being one of the  more Important but one of the more elusive requirements. 

The p a r t i c l e  s i z e  charac ter is t ics  of several  conrmonly used seeding aerosols 
were recently studied a t  AEDC. I n  general, undesirable polydispersed pa r t i c l e  s i z e  
characterlet ice were observed. Hawever, reasonably narrow s i z e  d is t r ibut ions  were 
produced by the  atomization of polystyrene spheres and by the  vaporization/ 
condensation of dioctyl  phthalate (DOP) . 

The purpose of t h i s  paper is t o  provide br ief  descriptions of the aerosol 
generation devices and aerosol p a r t i c l e  s i z ing  system used i n  t h i s  study and to  
provide a catalog of p a r t i c l e  s i z e  d is t r ibut ions  f o r  the aerosols studied t o  date. 



FLUIDIZED BED SEEDER 

The apparatue used a t  AEDC t o  produce s o l i d  p a r t i c l e  aeroso.ls at low pressure 
(<I00 p s i )  is shown i n  Figure 1. This device is r e f e r r ed  t o  as a mechanically 
ag i ta ted ,  f lu id ized  bed seeder.  Sol id  p a r t i c l e s  i n  powder form a r e  continuouely 
s t i r r e d  by a ro t a t i ng  hollow tube assembly. Car r ie r  gas ,  usually a i r  o r  ni t rogen,  
flows through the  tube assembly and jets i n t o  t he  powder through small  holes  t o  
c r ea t e  the  s o l i d  p a r t i c l e  aerosol.  Studies  t o  da te  include aerosols  derived from 
various powders of aluminum oxide, magnesium oxide and t i tanium dioxide. 

Figure 1. Fluidized Bed Seeder 



LIQUID ATOMIZERS 

iwo types  of l i q u i d  a  
f o r  laser v e l o c i m t r y .  One 
r i q u r e  2. A jet of a i r  o r  
t o  c r e a t e  a  l a r g e  number of 
e l imina ted  by impact upon a  
l i q u i d  colunm can be  e i t h e r  

tomizers are o f t e n  used t o  c r e a t e  l i q u i d  d r o p l e t  a e r o s o l s  
of t h e s e ,  t h e  Co l l i son  n e b u l i z e r  (Ref. 1) , is shown i n  
o t h e r  gas  i s  used t o  s h e a r  a  column o f  f lowing l i q u i d  
small l i q u i d  d r o p l e t s .  The l a r g e r  d r o p l e t s  a r e  u s u a l l y  
s o l i d  s u r f a c e  j u s t  downstream of t h e  a i r  jet .  The 
pumped o r  a s p i r a t e d  i n t o  t h e  a i r  je t .  

The second type  of a tomizer  is t h e  Laskin nozz le ,  a  form of which is shown i n  
Figure 3 (Ref. 2). As wi th  t h e  C o l l i s o n  n e b u l i z e r ,  a  l i q u i d  d r o p l e t  a e r o s o l  is 
produced by s h e a r i n g  an a s p i r a t e d  l i q u i d  column w i t h  an a i r  jet .  
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Figure 2 Co l l i son  Nebul izer  
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Figure 3. Laskin Nozzle 



VAPORIZATION/CONDENSATION SEEDER 

Condensation of a vapor homogeneously dispersed i n  a c a r r i e r  gas can y i e l d  a 
narrow s i z e  d i s t r i b u t i o n  of condensate p a r t i c l e s .  I n  addi t ion ,  con t ro i  of the  mass 
f r ac t i on  of vapor with respect  t o  t he  c a r r i e r  gas af fords  some con t ro l  over the s i z e  
of the  condensate pa r t i c l e s .  These two p r inc ip l e s  are exploj 3 i n  the  vaporizat ion/  
condensation seeder  shown i n  Figure 4. 

The atomizer i n  Figure 4 can be e i t h e r  t he  Laskin nozzle type o r  the  Coll ison 
nebul izer  type. The atomizer assembly includea a provis ion f o r  introducing d i l u t i o n  
c a r r i e r  gas as a means f o r  varying t h e  vapor m a s s  f rac t ion .  The polydispersed 
aeroso l  from t h e  atomizer is passed through a 5-ft  long, 2-in. diameter s t a i n l e s s  
s t e e l  tube. The top part. of the  tube is heated by an e l e c t r i c a l  hea t e r  tape capable 
of temperatures up t o  9000F. The atomfzer aeroso l  d rop le t s  a r e  vaporized i n  t h i s  
s ec t i on  of the  tube. I n  the  lower p a r t  of t he  s t a i n l e s s  tube the  vapor condenses 
t o  form an aerosol  with a more uniform p a r t i c l e  s i z e  d i s t r i b u t i o n  than t h a t  o r ig ina l -  
l y  produced by the  atomizer. 

The AEDC vap/con seeder  is based upon fundamectal information provided i n  the  
s c i e n t i f i c  (Ref. 3) and commercial (Ref. 4) l i t e r a t u r e .  However, the  high operat ing 
pressure (1000 p s i )  and high p a r t i c l e  production r a t e  c a p a b i l i t i e s  e r e  based upon 
design condensations provided by Yanta (Ref. 2).  
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Figure 4. Vaporization/Cortdensat ion Seeder 
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ALROSOL PARTICLE SIZING SYSTEM 

The syJtam shown i n  Figure 5 w a s  used t o  determine the  p a r t i c l e  s i z e  character- 
i s t i c s  of the  various seeding aerosols.  This system cons is t s  of m MAS-X p a r t i c l e  
s i z e r  in<.--:faced t o  a DEC 11/23 mirrocomputer system and Tektroni-c 4631 Hard Copy 
Unit, The ASAS-X is a iwer l i g h t  s c a t t e r i n g  device produced by P a r t i c l e  Measuring 
Systems, Inc. The p a r t i c l e  diameter rage from 0.09-3.0 microns is covered by four  
f i f  teen-bin ii;strun;ent ranges of 0.09-0.195 microcs , 0.15-0.3 microns, 0.24-0.84 
microns and 0.6-3.0 microns. The ASAS-X is ca l ib r a t ed  with prec ise ly  s ized  l a t e x  
spheres s o  t h a t  p a r t i c l e  s i z e  measurements, even fc, i r r e g u l a r l y  shaped p a r t i c l e s  o r  
p a r t i c l e s  with a complex index of refrac.t ion, a r e  i n  t e r n  of equivalent l a t e x  
spheres. The DEC 11/23 was progranmred t o  display and t abu la t e  the  high reso lu t ion  
da ta  from each of these four instrument ranges o r  t o  provide t he  wide-range, quick- 
look histogram da ta  used i n  t h i s  paper. 

The test aerosol  was *?traduced i n t o  a l a rge  p l a s t i c  bag (6 f t 3 )  which had 
previously been purged and ~i l l e d  with bone-dry ni t rogen.  Background p a r t i c l e  
counts using t h i s  scheme were typ ica l ly  less than 50, while aeroso l  p a r t i c l e  counts 
were t yp i ca l l y  i n  the  ranb= from 5G,000 t o  800,000 counts. Although ra re ly  neces- 
s a ry ,  the DEC 11/23 was programmed t o  subt rac t  the  backvro~nd count from a test 
aerosol  count. 
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AEROSOL SAMPLE 

AEROSOL 
SAMPLING TUBE 

ASAS-X AEROSOL 1- 
SAMPLING UNIT \ r ~ ~ ~ l l 1 2 3  HARD COPY 

UNlT ASAS-X ELECTR3NIC MICROCOMPUTER 
CONTROL !;NIT------' SYSTEM 

Figure 5. Aerosol P a r t i c l e  Sizing System 



METAL OXIDE POWDER AEROSOLS 

Because of t h e i r  high melting poin ts ,  varfous metal oxide pcwders a r e  often- 
times used f o r  seeding high temperature flows. Table 1 compares t he  proper t ies  of 
severa l  commonly used metal oxides. The MgO is a t t r a c t i v e  f o r  i ts  high melting 
temperature, the Ti02 f o r  its l a rge  index of re f rac t ion .  and the  A1202 pol ishino 
pwder  because it is spec i f ied  as being nominally s ized .  

Table 1. Physical  Propertfes  of Metal Oxide Powders 

Melting 
Index of Density , Temperature, 

Material  Ref ractfon (gm/cc) OF 

M 0 1.74 3.58 50 72 
8 

A1203 1.76 3.96 3660 

Alumina Powder Aerosols 

'The alumina (A1203) polishing powders a r e  of i n t e r e s t  f o r  possible  use i n  
LV seeding applications s ince  the  manufacturer's spec i f i ca t ions  include a nominal 
p a r t i c l e  s ize .  Figure 6 shows the  p a r t i c l e  s i z e  cha rac t e r i s t i c s  of an aerosol  
derived frolii 1.0 micron alumina pol ishing powder. Note t h a t  no peak occurs a t  
1.0 micron while mai-:J ao,glomerates l a rge r  than 1.0  micron a r e  evident as wel l  as 
a large nmber of p a r t i c l e s  smaller  than 1.0  micron. A polydispersed aerosol  l i k e  
t h i s  is undesirable fo r  LV seeding purposes s ince  the la rge  agglomerates w i l l  not  
closely folluw the  flaw ve loc i ty  gradients  while the  very s m a l l  p a r t i c l e s ,  be1 .o~ 
the LV systen detect ion limit, can only contr ibute  spurious sca t t e r ed  l i g h t .  d 

X'he p a r t i c l e  s i z e  spectrum f o r  0 . 3  micron alumina polishi.lg powder is shown i n  I 
Figure 7. The agglomerate problem is not as bad as  f o r  the 1 .0  micron alumina powder 
but the sma Y p a r t i c l e  problem is worse. Note, once again, t h a t  the  s i z e  spectrum .. ,‘ 
does riot peak a t  the spec i f ied  p a r t i c l e  s i ze .  

d 

The spectrum f o r  0.05 micron a l m i n a  pol ishing powder is shown i n  Figure 8. 4 
I f  individual  pa r t i c l e s  a r e  no l a rge r  than the  0 . 0 5  micron mmufacturerts specif ica-  
t i on ,  then the e n t i r e  spectrum within the range of the ASAS-X must be made up of 

I 

agglowratcj .  

The "Super-Finish" alumina pol ishing powder is a r e l a t i v e l y  new product. The 
0 . 3  micron version of t h i s  powder was recent ly evaluated for LV seeding purposes 
s ince t \e  zanufacturer 's  spec i f i ca t ions  'ndicate t h a t  t h i s  product exh ib i t s  a lessen- 
ed tendency t o  form agglomerates compared t o  the  s tandard pol ishing powder. However, 
a comparison of Figure 9 with Figurz 7 shows t h a t ,  f o r  aerosol  generation purposes 
a t  l e a s t ,  the Super-Finish powder ac tua l ly  has a g rea t e r  tendency t o  form agglomer- 
a tes .  On the other  hand, the  Super-Finish powder exh ib i t s  a lower percentege of 
pa r t i c l e s  a t  the small  p a r t i c l e  end of the  s i z e  spectrum and it a l so  has a histogram 
peak i n  the v i c i n i t y  of the  spec i f ied  0 . 3  micron v t i c l e  s i ze .  

The search f o r  neanf LL :duce the  percentage of agglomerates i n  powder aero- 
s o l s  includes the use of e.urlil.ive flaw agent mater iais .  One flow agent t h a t  has 
been reporteci (Refs. 5-6) t o  be e f f ec t ive  i n  reducing agglomerates i n  metal oxide 
powder aerosols is a hydrophil ic  mater ia l  described as a flame phase s i l i c a .  This 



mater ia l  is widely used t o  enhance the  bulk flow proper t ies  of powdered foods, indm- 
t r i a l  ~ h e m i c a l ~  and pharmaceuticals !Ref. 7) . A commercially ava i lab le  bu t  pro- 
pr ie ta ry  a i x t u r e  of 1.0 micron alumina pol ishing powder and s i l i c a  flow agent was 
obtained fo r  ava lwt ion .  The aeroso l  p a r t i c l e  s i z e  c h ~ ~ r a c t e r i s t i c  is shown i n  Fig- 
ure 10. Comparison of t h i s  p a r t i c l e  s i z e  c h a r a c t e r i s t i c  with t h a t  of t he  1.0 micron 
alumina without El-- agent ( f ig .  6) shows t h a t  t h i s  p a r t i c u l a r  flow agent prepara- 
t l ~ z  is, a t  be s t ,  o l ~ l y  marginally e f f e c t i v e  i n  reducing aeroso l  agglomerates. A mix- 
t u r e  of 0.7 micron alumina and s i l i c a  powders was obtained from t h e  same commercial 
source and evaluated. The s i z e  spectrum is  shown i n  Figure 11. Again, t he  agglomer- 
a t e  content is objectionable.  

A mixture of 1.0 micron alumina pol ishing powde~ and 0.5 percent by weight of 
s i l i c a  f i a ~  agent with a nominal p a r t i c l e  s i z e  of 0.007 microns was prepared a t  
AEDC and tes ted.  The aeroso l  p a r t i c l e s  s i z e  c h a r a c t e r i s t i c  was fourid t o  be v i r t u a l l y  
i d e n t i c a l  t o  t ha t  of Figure 10. A 5-percent mixture of  t he  s i l i c a  flow agent and 
0.3 micron alumina powder was a l s o  prepared and tes ted .  This mixture r a t i o  was 
e n t i r e l y  unsat isfactory s ince  an increase  i n  agglomerates was observed r a the r  than 
a decrease. 

TOTQL PARTICLE COUNT = 63223 
SbMPLE TIME - 40 SECONDS 

Fig-ire 6. Alumina Pol ishtng Powder, Nominal Size - 1.0 Micron 



TOTAL PfiRTICLE COUNT = 249818 
SAHPLE TIHE - 40 SECONOS 

Figure 7 .  Alumina Polishing Powder, Nominal Size - 0 . 3  Micron 
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Figure 8. Alumina Polishing Powder, Nominal Size - 0.05 Micron 
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TOTAL PARTICLE COUNT = 161898 
SfiHPLE TIHE - 4 0  SECONOS 

Figme 9 .  Super-Finish Alumina Polishing Powder, 
Nominal Size - 0 . 3  Micron 

TOTAL PARTICLE COUNT = 108694 
SQHPLE TIRE - 4 8  SECONDS 

Figure 10. Alumina Polishing Powder With *; i l ica Flow Agent, 
Nominal Alumina Particle  Size - 1.0 Micron 



TOTfiL PfiRTICLE COUNT = 156529 
SGNPLE TIRE - 40 SECONDS 

Fig. 11. Alumina Po l i sh ing  Powder With S i l i c a  Flow Agent, 
Nominal Alumina Particle S i z e  - 0.7 Micron 
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Magnesium Oxide Powder Aerosols 

For t h i s  s tudy,  no magnesium oxide (MgO) powder could be found f o r  which the 
manufacturer could quote a nominal p a r t i c l e  s i ze .  Therefore,  only the  two read i ly  
ava i lab le  reagent grade MgO powders were evaluated. These two forms of MgO powder 
a re  re fe r red  t o  as " l i gh t  powder" and "heavy powder". The aeroso l  p a r t i c l e  s i z e  
cha rac t e r i s t i c s  a re  shown i n  Figures 12 and 13. Note the high percentage of very 
small  p a r t i c l e s  i n  the  a e ~ o s o l s  of both powders. 
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Fig. 12. Pigo Reagent Grade Light Powder 
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; Titanium Dioxide Powder Aerosols 
t 

Several d i f f e r e n t  t i t an ium dioxide (Ti02) powders were acquired f o r  which t h e  
manufacturer furnished p a r t i c l e  s i z e  spec i f i ca t i ons .  These powders a r e  produced f o r  
use as pigment addi t ives  f o r  pa in t ,  paper, and p l a s t i c s .  The p a r t i c l e  s i z e  range is 
quoted as 0.1-5.0 microns wi th  most p a r t i c l e s  being i n  t h e  range of 0.25 micron. The 
aerosol  p a r t i c l e  s i z e  spectrums f o r  two of these powders are shown i n  Figures 14 and 
15. The p a r t i c l e  s i z e  spectrum f? r  t he  p l a s t i c  pigment powder (Fig. 14) was found t o  
exh ib i t  a peak i n  the  s i z e  range 0.44-0.6 microns w h e ~ e a s  t h e  pa in t  pigment powder 
produced an aeroso l  with a s i z e  spectrum peak i n  t h e  same s i z e  range plus a l a rge  per- 
centage of agglomerates and/or l a rge  p a r t i c l e s .  The spec i f i ed  p a r t i c l e  s i z e  of 0.25 
microns is  not  dominant i n  the aeroso l  p a r t i c l e  s i z e  spectrum of either powder. 

Fig. 14. T i 0 2  P l a s t i c  Pigment Powder 
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Fig. 15. Ti02 Pa in t  Pigment 



Aerosol Flow Conditioning 

The ever-present tendency of eubmicron p a r t l c l e e  t o  form agglomerates and the  
undesirable presence of very small  pa r t i c l ee  have led  t~ the  use of various aerosol  
flow conditioning schemes i n  pursu i t  of t he  i d e a l  mondiepersed s i z e  d i s t r i bu t ion .  
Cyclone type separators  have been reported (Refs. 6 and 8) as being usefu l  f o r  s i z e  
f rac t fona t ion  of LV seeding aerosols.  Marteney (Ref. 9) has described a dispensing 
nozzle with near-sonic conditions i n  the  nozzle passage which was shown t o  be usefu l  
f o r  breaking up agglomerates. The use of sonic flow i n  an a r ray  of 25 x 300 micron 
sli ts i n  the wall  of a tube has been reported f o r  breaking up agglomerates. A 
simple, c i r c u l a r  sonic or i f ice-was  recent ly  evaluated a t  AEDC f o r  breaking up the 
metal oxide powder agglomerates. A Ti02 powder s i z e  spectrum i s  shown i n  Figure 16 
ju s t  before attachment of the  sonic o r i , f i ce  assembly t o  the  aerosol  generator 
F i g .  1 ) .  The p a r t i c l e  s i z e  spectrum a f t e r  deagglomeration by the sonic o r i f i c e  
i s  shown in  Figure 17. These r e s u l t s  a r e  encouraging f o r  such a simple procedure. 
However, deagglomeration is achieved a t  the  expense of increasing the  small p a r t i c l e  
number density.  The conditions necessary f o r  the onset of agglomerate breakup by 
aerosol  i n t e r ac t ion  with a normal shock wave recent ly  have been formulated by 
Forney and McGregor (Ref. 10). 

TOTAL PARTICLE COUNT = 114652 
SfiHPLE TIHE - 48 SECONDS 

Fig. 16. Ti02 Powder Aerosol Before Deagglomeration 



TOTAL PARTICLE COUNT 38255 
8AHPC' Tf HE - 40 sEC0NOS 

Fig. 1 7 .  Ti02 Powder Aerosol After Deagglomeretion by a Sonic Orifice 



COMBUST1 ON AEROSOLS 

The particle s i z e  characteristice of aeroeols produced by burning cigarette 
tobacco and incense are shown i n  Figure8 18 aud 19. For the cigarette smoke, 94 
percent of the particles were smaller than 0.32 microns. For the incense smoke, 
97 percent of the particles were smaller than 0.32 microw. 
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Fig. 18. Cigarette Smoke 
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Fig. 19. Incense Smoke 



AEROSOLS BY LIQUID ATOMTZATION 

Liquid atomizers a r e  simple t o  operate  and produce s t a b l e  p a r t i c l e  number densi- 
t i e s .  Unfortunately, however, those t e s t e d  t o  da te  a t  AEDC produce high percentages 
of very small  pa r t i c l e s .  

The Laskin Nozzle 

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  f o r  d ioc ty l  ph tha la te  (DOP) aerosol  as generated 
by the Laskin nozzle is shown i n  Figure 20. The DOP d rop le t s  a r e  seen t o  be poly- 
dispersed with a preponderance of small  p a r t i c l e s .  

The Collison Nebulizer 

The s i z e  spectrum f o r  DOP i n  the Collison nebul izer  is shown i n  Figure 21. The 
percentage of small  p a r t i c l e s  is seen t o  be  l a r g e r  than the  Laskin nozzle and in- 
t e r e s t i ng ly ,  t h i s  spectrum is s i m i l a r  t o  t h a t  of t he  0.3 micron alumina powder 
(Fig. 7) .  The s i z e  spec t r a  f o r  o l i ve  o i l  and soybean o i l  were a l s o  found t o  be 
s imi l a r  t o  t ha t  of Figure 21. 

TOTAL PARTICLE COUNT = 856984 
SAMPLE TIHE - 39 SECONDS 

Fig. 20. DOP i n  the Laskin Nozzle 
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TOTAL PARTICLE COUNT = 8 1 7 6 1 2  
SAHPLE - 39 SECONOS 

Fig. 21. DOP in the Coll ison N e b ~ ~ l i z e r  
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ATOMIZATION OF SOLID PLRTICLE SUSPENSIONS 

A notable  example of t h i s  technique f o r  generating a seeding aeroso l  is the  
atomization of a wager o r  methanol suepension of l a t e x  spheres.  With a e ~ f f i c i o n t l y  
d i l u t e  suspension, most of t h e  atomizer drople t s  w i l l  evaporete t o  leave 3 s i n g l e  
l a t e x  sphere. l 3 e  ana ly t i ca l ,  reference grade, l a t e x  spheres a r e  a t t r a c t i v e  because 
of t h e i r  extremely narrow s i z e  d i s t r i bu t ion -  However, t h i s  product is  p r o n i b i t i v e ~ y  
expensive f o r  LV seeding purposes. A resonably prized product IS the  base mater ia l  
used i n  l a t e x  paint .  Zle manufacturer's spec i f i ed  p a r t i c l e  s i z e  range is 0.35 - 
0.55 microns. A sample of t h i s  mater ia l  was prepared by mixing 5 pa r t s  by volume 
of the l a t e x  sphere suspension with 95 p a r t s  water.  The Collison nebul izer  w a s  
then used t o  atomize t h i s  suspeision. The r e su l t an t  aeroso l  produced the  p a r t i c l e  
size d i s t r i bu t ion  shown i n  l i g u r e  22. An i d e n t i c a l  d i s t r i b u t i o n  was obtained with 
a 5/95 mixture of l a t e x  suspension and methanol. The peak i n  the  d i s t r i b u t i o n  is 
coincident with the  manufacturer's spec i f ica t ion .  However, the  ove ra l l  d i s t r i b u t i o n  
is disappointingly polydispersed. 

TOTAL PARTICLE COUNT * 28483 
SAflPLE TlHE - 4 8  SECONDS 

Fig. 22. Latex Sphere Suspension t n  t he  Colllson Nebulizer 



AEROSCLS BY LIQUID VAPORIZATION/CC~~OENSATION 

The f i r s t  l.abor.qtory t e s t s  of t h e  .UUC vapjcon seeder  involved comparisons of 
spontaneous and nuc lea te  condensation processes.  Consis tent  wi th  t h e  f ind ings  
of Liu and Lee (Ref. 3) t h e  i n t e n t i o n a l  introduction of condensation n u c l e i  r e s u l t e d  
in more repea tab le  p a r c i c l e  s:ze d i s t r i b u t i o n s .  Figure  23 shows t h e  s i z e  spectrum 
f o r  a !10,000/1 s o l u t i o n  of 'LK)P and anthracene wi th  no d i l u t i o n  flow. The anthracene,  
wich a h igher  vaporizatiot: temperature than WP, b e c a m  condensation n u c l e i  f o r  t h e  
vaporized DOP. By addi.1.6 a d i l u t i o n  flow of n i t rogen ,  the  s i z e  spectrum of Figure  24 
was obtained which i l l u s t r a t e s  the  s h i f t  of  t h e  s i z t  spectrum toward s m a l l e r  p a r t i c l e s .  
Fil a l l y ,  the  10,000/1 DOP/anthracene s o l u t i o n  was d i l u t e d  i n  t h e  volume r a t i o  of 1 
p a r t  WP/anthracene t o  99 p a r t s  c t h a z s l  arhd used i n  t h e  vap/con seeder  without d i lu -  
t i o n  flow. The r e s u l t a n t  pa r tLc le  s i z e  spectrum s h m  i n  Figure  25 i , e  seen t o  be 
c lose  t o  t h e  i d e a l  monadispersed s i z e  d i s t r i b u t i o n .  

TOTAL PARTICLE COUNT = 52278 
SAflPLE TIHE - 40 SECONDS 

Fig. . '3. DOP \Jith*,ut D i l u t i o n  Fl ow i n  t h e  Vaporization/':ondensation Seeder 



TOTRL PRRTICLE COUNT = 283709 
sanPLE TIRE - 39 SECONDS 

F j  g N P  with Dilution Nitrogen Flow in the 
VaporizationlCondensation S e e d e r  

TOTAL Pf4RTlCLE COUNT = 122771 
SAHPLE TIME - 28 SECONDS 

;a , 5. Ethanol and DOP in the Ratio 99 11 in the 
Yaporization/Condensation S e e d e r  
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\ CONCLUSIONS 

During the course of the study reported here,  no s o l i d  p a r t i c l e  powder could 
be found which produced an aerosol  with a narrow p a r t i c l e  s i z e  d i s t r i b u t i o n  when 
f lu id i za t ion  w a s  the  only flow process used i n  producing the  aerosol.  The complica- 
t i on  of adding p a r t i c l e  s i z e  f rac t iona t ion  processes t o  t h e  aerosol  generation e f f o r t  
appears t o  be unavoidable. I n  t h i s  regard, a simple sonic  o r i f i c e  wee found t o  be 
s f f e c t i v e  i n  reducing the  percentage of agglomerates i n  the seve ra l  metal oxide 
powders tes ted.  A f l a n e  phase s i l i c a  flow agent was a l s o  evaluated as an addi t ive  
t o  reduce powder agglomerates. Marginally bene f i c i a l  r e s u l t s  were obtained f o r  a 
0.5199.5 percent by weight mixture of the  flcw agent and metal oxide powder. How- 
ever,  agglomeration was observed t o  be enhaxed when the  flow agent percentage was 
increased t o  5 percent. 

Liquid atomization using the  Collison nebul izer  as us11 es a version of t he  
Laskin nozzle resu l ted  i n  pclydispersed aerosols  with p a r t i c l e  s i z e  d i s t r i bu t ions  
heavily weighted by the  small p a r t i c l e  end of the s i z e  spectrum. Aii even pore 
extreme weighting taward the s m a l l  p a r t i c i e s  was noted f o r  tobacco and incense smoks. 

The p a r t i c l e  s i z e  spectrum f o r  reasonably pr iced l a t e x  spheres w a s  mola poi)--- 
dispersed than had been hoped, i n  view of the monodispersed d i s t r i bu t ions  produced by 
the more cost ly  a n a b t i c ,  reference grade l a t e x  spheres. 

The aerosol p a r t i c l e  s i z e  d i s t r i bu t ions  produced by the  vaporization/condensation 
seeder were c loser  t o  the  i d e a l  monodispersed aerosol  than any of t h?  o ther  aerosols  
tes ted.  In  addi t ion,  t h i s  seeding approach afcords a measure of control  over p a r t i c l e  
s i z e  and p a r t i c l e  prcduction ra te .  
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