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. . AEROSOL GENERATOR LASKIN NOZZLES 

Shown below are fou r  types o f  Laskin nozzles which are used t o  gener3fe 
the primary aerosol "inist". This mist  say be used d i r e c t l y  as LDV pa r t i c l es ;  
however, i n  general, a wide range o f  p a r t i c l e  s ize  ex is ts  a t  t h i s  stage and 
requires the use o f  some type o f  mono-dispersion refinement technique. These 
techniques w i l l  be discussed l a t e r .  

These nozzles r e l y  on the  shearing ac t ion  o f  h igh speed a i r  cear a column 
o f  seeding 1 i qui d. Typical ly  , 01 i ve o i  1 o r  d i  c c t y l  ptrthal a te  (DOP) i s  used, 
but w i t h i n  the  past year solSd polystyrene p a r t i c l e s  i n  an alcohol suspension 
have been used w i th  great success. A i r ,  a t  a t y p i c a l  pressure o f  f i v e  psig, i s  
supplied t o  the top o f  the  nozzle which i s  merely a hol low tube. This a i r  
issues r a d i a l l y  from one c r  more small j e t s  located near tne  c o l l a r  close t o  
the bottom 3 f  the  tube. When the c o l l a r  i s  submerged i n  the  seeding l i q u i d ,  
the hollow rolurnns located i n  the  c o l l a r  become f i 1  led  w i th  'iiqu.id. The a i r  
from the jr , shears the  l i q u i d  i n t o  the f i n e  mist. 

Shown from l e f t  t o  r iq ' t  i s  t he  ' t rue Laskin" (aeferencz 1) fol lowed b j  
the four-hol, and eight-hole nozzles (Reference 2). A new-version one-hole 
nozzle which u t i l i z e s  a submerged p a r t i c l e  impactor i s  also shown along h i t h  
i t s  impactor. The u n i t s  o f  the scale are inckes. 
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YAPOR IZATION-CONDENSATION GENERATOR 

One way t o  produce mono-disperse aerosols from the course primary mist  i s  
t o  use a vaporization-condensation generator, shown here. Located ins ide  the  
seedina l i q u i d  reservoi r  (lower r i g h t  corner o f  the f i gu re )  i s  the Laskiri 
nozzle and an amount of seeding l i q u i d  su f f i c i en t  t o  submerge tbg? nozzle 
co l l a r .  A i r  i s  supplied t o  the nozzle and poly-disperse mist  i s  forced along 
w i t h  the  a i r  up the copper tube on the r i g h t  side of +?e  generator t o  the top  
where a manifold i s  located. There, the mixture i s  suppl izd t o  four v e r t i c a l  
s ta in less steel  tubes which are heated a t  the top  by e l e c t r i c a l  heate; tapes up 
t o  roughly nSne hundred degrees Fahrenheit. This high temperature causes the 
wal ls  o f  the tubes t n  rad ia te  enough energy t o  the mist droplets  t o  vaporize 
them. Sol id  impur i t ies  i n  each droplet  do not vaporize but remain i n tac t .  
These ccndensation "seeds" along w i th  the vapor t rave l  down the tubes t o  a 
region whf ch i s  a t  approximately room temperature, Condensation takes place i n  
a uniforrr. manner which produces a mono-disperse aeroso!. This aerosol i s  then 
co l lec ted  by another manifold located a t  the bottom of the generator and passed 
on t o  the wind tunnel v ia  a large diameter f l e x i b l e  ;lose. 

One i tem tha t  makes t h i s  generator rather  unique i s  t h a t  it can be used t o  
seed flows which have loca l  s t a t i c  pressures o f  up t o  ten atmospheres. Also, 
the  large s ize  of t h i s  generator f a c i l i t a t e s  production of r e l a t i v e l y  la rge  
amounts o f  h igh ly  mono-disperse aerosol continuously. The un i t s  o f  the scale 
are inches. This i s  a scaled version of the  generator described i n  Reference 
3. 



MINIATURE AEROSOL NOZZLE 

P a r t i c l e  generators can be character ized us ing  a m in ia tu re  aerosol nozzle 
such as the  Mach 3 nozzle shown here. By measuring t he  v e l o c i t y  l a g  which a 
p a r t i c l e  experiences as i t  f lows through a ca l ib ra ted ,  r a p i d l y  acce le ra t ing  
f l o w f i e l d ,  and comparing t h i s  l a g  t o  numerical p red i c t i ons  (Reference 4),  a 
mean p a r t i c l e  s i z e  can be determined. 

This p a r t i c l e  aerosol nozz le  i s  a c t u a l l y  a complete wind tunnel t e s t  
s e c t i o ~ .  I t  consis ts  o f  a nbzzle, d i f f u s e r ,  p i t o t  probe and t e s t  c e l l  w i t h  
o p t i c ~ l  po r t s  and can be csed w i t h  a v a r i e t y  o f  gas supply and dump tank con- 
f i gu ra t i ons .  It i s  capable o f  s i z i n g  l i q u i d  parCicles (w i t h  a s p e c i f i c  g r a v i t y  
o f  one) as l a rge  as i 5  microns i n  diameter. Larger p a r t i c l e s  are subject  t o  
shat ter ing.  The diameter o f  t h e  windows i s  approximately 1.25 inches. 
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PARTICLE GENERATOR CHARACTERIZATION OF POOR QUALITY 

Shown below are two histograms o f  p a r t i c l e  s i ze  d i s t r i bu .~ rons  from a 
p a r t i c l e  generator. The histogram on the  l e f t  shows the  p a r t i , - l e  s ize  d i s t r i -  
but ion o f  the coarse aerosol from a Laskin nozzle. By employing the Vapor- 
i z a t i o n  Condensation Generator shown previously t o  r e f i n e  the coarse aerosol, 
passing the resu! t i  ng p a r t i c l e s  through the  min iature aerosol nozzle and 
measuring the p a r t i c l e  ve loc i t y  a t  a known distance downstream o f  t he  th roa t  
along the nozzle center l ine,  the  p a r t i c l e  s i ze  d i s t r i b u t i o n  was determined. 
The histogram on the  r i g h t  shows these resul ts .  Note t h e  disappearance o f  the  
doublet peak a t  d = 3.0 microns. 



SOLID PARTICLE GEWERATION 
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Sol i d  p a r t i c l e s  o f  uniform diamet?r are avai lab le commercially i n  a 
va r ie t y  o f  diameters, mater ia ls  and p r ~ p e r t i e s .  When s o l i d  p a r t i c l e  seeding i n  
gas flows i s  desired, the  simple p a r t i c l e  generation scheme shown here can he 
used. I n  t h i s  generator, house a i r  i s  sent through a Laskin nozzle and gener- 
ates a coarse aerosol from a so lu t ion  o f  s o l i d  p a r t i c l e s  i n  a v o l a t i l e  solvent. 
6y ddjust ing the concentration o f  so l i ds  i n  so lu t ion  such t h a t  the p robab i l i t y  
o f  having more t h a t  one p a r t i c l e  i n  an aerosol droplet  i s  small, t he  r e s u l t i n g  
seed w i l l  consis t  o f  only  one p a r t i c l e .  The optimum concentrat ion was experi-  
mental ly determined t o  be 0.25% by volcme. The only l i m i t a t i o n  o f  t h i s  p a r t i -  
c l e  generating scheme i s  t ha t  the s ize  o f  the coarse aerosol be la rge  enough t o  
contain the  sol i d  pa r t i c l e .  



LARGE PARTICLE GENERATION 

Be1 ow i s  a photograph o f  a Berglund-Liu V i  b ra t  i ng O r i  f i ce Monodi spersed 
P a r t i c l e  Generator (TSI Model 3050). One noteworthy character1 s t i c  o f  t h i s  
u n i t  i s  i t s  a b i l i t y  t o  produce a monodispersed aerosol w i t h  a droplet  dSameter 
o f  0 t o  400 microns. 

The syr inge pump shown on the  l e f t  forces l i q u i d  a t  a constant feed r a t e  
through an o r i f i c e  located i n  the  generator showr: i n  the  center. A piezo- 
e l e c t r i c  ceramic dr iven by a signal generator, shown on the  r i g h t  , induces a 
v ib ra t i on  on the  o r i f i c e .  The v ib ra t i on  causes the o r i f i c e  t o  shear o f f  a 
p a r t i c l e  from the l i q u i d  stream a t  each cycle. A i r  i s  mixed a t  two stages i n  
the  system t o  disperse the ind iv idua l  droplets  and there fore  reduce agglomer- 
a t i o n  (see Reference 5 f o r  a de ta i led  descr ipt ion o f  operation). 

The s ize  o f  t he  aerosol droplet  can be changed by varying the diameter of 
the  o r i f i c e ,  the  concentration o f  so lu te  i n  the l i q u i d  solut ion,  the o r i f i c e  
v ib ra t i ng  frequency o r  any combination o f  three. By using a dissolved sub- 
stance as a solute, s o l i d  p a r t i c l e s  may be generated. 
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