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D e f i n i t i o n  U n i t s  

d imens ion l e s s  

where D i s  a c h a r a . c t e r i s t i c  d i a m e t e r ,  
i 

u i s  a  c h a r a c t e r i s t i c  v i s c o s i t y ,  
p i s  a cha.rac t e r i s t i c  d e n s i t y ,  a.nd 

ub is a c h a . r a . c t e r i s t i c  v e l o c i t y .  

Volume of L iqu id  S t r i k i n g  ' the ml / f t 2  

T e s t  Surfa.ce;  

tkss of S o l i d  S t r i k i n g  C o l l e c t o r .  g/f t2 

Concentra. t ion of D i ~ s o l v c d  S o l i d .  grnol/ml 

Molecular  Weight of S o l i d .  g /@ole  

Volume of L iqu id  S t r i k i n g  t h e  T e s t  r n l  

Surince Correc-ted t o  55m.l. of Feed. 

Volume of the  L iqu id  Feed. 1n 1 



The Savannah River P lan t  has generated m i l l i o n s  of g a l l o n s  

of r a d i o a c t i v e  l i q u i d  waste i n  support  of t h e  'na t ions  defense.  

The Savannah River Laboratory i s  developing technology t h a t  could 

be us,ed t o  s o l i d i f y  t h i s  waste.  The re fe rence  s o l i d i f i c a t i o n  

process  c o n s i s t s  of spray drying and v i t r i f i c a t i o n .  By 1978,  a 

dryer  developed a t  B a t t e l l e ' s  P a c i f i c  Northwest Labora to r i e s  (PNL) 

was judged super ' ior ,  but  i n i t i a l  t e s t s  i n d i c a t e d  t h a t  f eed  was 

s t r i k i n g  t h e  wa l l s  bf t h e  dryer  while  s t i l l  wet ,  which made t h e  

design l e s s  than acceptable .  . This i n v e s t i g a t i o n  s o u g h t , a  
. . 

cor rec t ion .  

I t  w a s  found t h a t  t h e  d i s t r i b u t i o n  of l i q u i d  s t r i k i n g  t h e  . . 

s i d e s  of a s imu la t ed  room temperature  s p r a y  d r y e r  w a s ' n o t  sig- , '  

. . 
. . 

n i f i c a n t l y  a l t e r e d  by t h e  cho ice  of n o z z l e s ,  nor  by a var ia - .  

t i o n  i n  nozz l e  opera . t ing  c o n d i t i o n s .  I n s t e a d ,  i t  was found '. ' 

t o  be a f u n c t i o n  of t h e  spra.y d r y e r ' s  conf igura . t ion .  A cocur-  

r e n t  flow of air down tho  d r y i n g  c y l i n d e r ,  n o t  p o s s i b l e  w i t h  

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

bo th  dec reas ing  t h e  amount of l i q u i d  s t r i k i n g  t h e  i n t e r i o r  of 

t h e  c y l i n d e r  from 72 t o  26 p e r c e n t  of t h e  f e e d  s u p p l i e d ,  and 

by s h i f t i n g  t h e  z,one of maximum impact  from 1.0 t o  1.7 f e e t  
. . 

from t h e  n o z z l e ,  

These f i n d i n g s  l e d  t o  t h e  redesign of t h e  l a b o r a t o r y  s c a l e  . . 

. . 
spray  d rye r  t o  be t e ~ t e d  a.t t h e  Savannah River  P l a n t .  The 

diameter  of t h e  d r y i n g  c h a ~ ~ b e r  was i n c r e a s e d  from 5 t o  8 i n c h e s ,  

and a c o c u r r e n t  f low of air was e s t a b l i s h e d  wi th  a c l o s e d  re -  

cyc l e .  

F i n a l l y ,  t h i s  i n v e s t i g a t i o n  sugges ted  an un ique  d r y i n g  

scheme :/:hickl o f f e r s  al.1 t h e  advantages  of s p r a y  d r y i n g  wi th-  
... 

out  nany of i t s  l i m i t a t i o n s .  
... . . . . . 
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INTRODUCTION 

S i n c e  i t s ' c o n s t r u c t i o n  by t h e  E. I. DuPont De Nemours 

Company i n  1953, t h e  Savannah R i v e r  P l a n t ,  l o c a t e d  n e a r  Aiken ,  

Sou th  C a r o l i n a ,  h z s  been p roduc ing  s p e c i a l  n u c l e a r  m a t e r i a l s  

p r i m a r i l y  f o r  n a t i o n a l  d e f e n s e  purposes .  The p l a n t  h a s  been 

o p e r a t e d  e x c l ~ s i v e l y  by t h e  DuPont Con~pany , f i r s t  f o r  t h e  

Atomic Energy Co:nmission a.nd c u r r e n t l y  f o r  t h e  Department  of 

Energy. I t s  p r o d u c t i o n  f a c i l i t i e s  i n c l u d e  a n u c l e a r  ' f u e l  fab- 

r i c a t i ~ n  p la .n t  , t h r e e  n u c l s a r  r e a c t o r s ,  two f u e l  r e p r o c e s s i n g  
1 

p l a n t s ,  and a heavy v ;a te r  g e n e r a t i n g  p l a n t .  

I n  tvrenty-six y e a r s  of o p e r a t i o n ,  t h e  Savanna.h R i v e r  

P l a n t  ha.s p n e r a t e d  m i l l i o n s  of g a l l o n s  of h i g h l y  radi0a .c  t i v e  

l i q u i d  w a s t e ,  which is  s t o r e d  i n  l a r g e  underground t a n k s  a.s an 

a l k a l i n e  s o l u t i o n  w i t h  a p r e c i p i t a t e d  s l u d g e  1a.yer .  I n  1971, 

t h e  D i v i s i o n  of ' Jaate  Management a.nd T r a n s p o r t a . t i o n  was c r e a t e d  

w i t h i n  t h e  A t c a i c  Energy Co~:~miss ion  and was charged  vrith e v a l -  

u a t i n g  netho.ds of s t o r i n g  r a d i o a c t i v e  wa.ste produced at t h e  

Sava.nnah River  Pl.a.rit, a s  w e l l  as proposed c o m ~ e r c i a l  n u c l e a r  
3 

3 - . .  -- 
r e p r o c e s s i n g  p l a n t s .  

A r e f e r e n c e  p r o c e s s  t o  s o l i d i f y  t h e  Savannah R i v e r  P l a n t ' s  
. .. . . .  . 

high l e v e l  l i q u i d  w a s t e  was deve loped  i n  1 9 7 7 ,  a f t e r  numerous 

d r y i n g  p r o c e s s e s  were  e v a l u a t e d .  The fac t  t h a t  t h e  m a t e r i a l  t o  b e  

d r i e d  w a s  r a d i o a c t i v e  r e s u l t e d  i n  t h r e e  major  r e q u i r e m e n t s  f o r  



t h i s  d r y i n g  p r o c e s s .  F i r s t ,  t o  e l i m i n a t e  human exposure  t o  ' . 

. . 

r a d i a t i o n ,  i t  had t o  be  a d a p t a b l e  t o  t o t a l l y  remote  o p e r a t i o n .  

Second ly ,  t o  e n s u r e  c o n p a t i b i l i t y  v ~ i t h  l a . t e r  s t e p s  i n  t h e  s o l -  

i d i f i c a t i o n  p r o c e s s ,  i t  had t o  produce  a. p r o d u c t  w i t h  a spec-  

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

F i n a l l y ,  t h e  volume of e x h a u s t  va.pors , c a l l e d  o f f  -gas ,  produced 

by  t h e  d r y i n g  p r o c e s s  ha.d t o  be minimized,  beca.use i t  becomes 

r a d i o a c t i v e  and r e q u i r e s  a d d i t i o n a l  t r e a t m e n t .  F o r  t h e s e  r e a s o n s ,  

a s l i g h t l y  m o d i f i e d  f o r n ~  of  spra.y d r y i n g  was chosen ak t h e  d r y -  

i n g  method, and v1a.s incorpo ' ra . ted  i n t o  t h e  Defense X a s t e  Disposa.1 

P r o c e s s  sho!:in on t h e  f o l l o ~ , i n g  page ( s e e  f i g u r e  1 )  .4 I n  t h e  

proposed Sa.var.nah R i v e r  P l a n t  Defense Wa.ste P r o c e s s i n g  F a c i l i t y ,  

t h e '  s l u d g e  from t h e  v ~ a . s t e  ta.n!ts i s  s t r i p p e d  of i ts a.luminum 

a.nd f e d  t o  t h e  s p r a y  d r y e r .  The d r i e d  p r o d u c t  is  mixed w i t h  

g lass- for tn ing  m a t e r i a l s  and p l a c e d  i n  a  g l a s s  m e l t e r  , from 

which a mol ten  p r o a u c t  i s  p ~ u r e d  i n t o  c a . n i s t e r s  t o  b e  c o o l e d  

' a n d  sh ipped  t c  a. f e d e r a l  r e p o s i t o r y .  

Spray  t i r y i ~ ~ g ,  a s  conven t i c lna . l ly  p e r f o r a e d ,  d o e s  n o t  meet  

a l l  t h r e e  r a d i o a c t i v e  .was te  d r y i n g  r e q u i r e m e n t s .  I t  ha.s been  

shnen ca.pable of ronlote ~ ~ c r a t j - o n , ~  and c e i - L a i n  p r o d u c t  p r o p e r -  

ties, i n c l u d i n g  chcmica l  c o n . ? p s i t i o ~ i ,  can  be c o n t r o l l e d ,  b u t  

it, c r e a t e s  l a r g e  volu:nes of o f f  .6 A c c o r d i n g l y ,  t h e  d r y i n g  

p o c e s s  was s l i g h t l y  modi f i ed  v ~ i t ! l  a  un ique  d r y e r  d e s i g n  f i r s t  

t e s t e d  a t  Ba t t e l l e  I s  P a c i f i c  Nor t h a e s t  L a b o r a t o r i e s  (PFTL) 

The PNL s p r a y  d r y e r  d e s i g n  great1.y reduced  t h e  volume of r a d i -  

- o a c t i v e .  o f f - 5 2 3 ,  b u t  i.11 d o i n g  s o  l i m i t e d  t h e  d r y e r ' s  i n h e r e n t  

c c n t r o l  over. t h e  p r o d u c t  ls che:::lcal. compos i t ion  and p h y s i c a l  



Hydraulic Slurry Pumps 

Remom/ of 
S/udgs from 

I 

I F  Agitator 

Sd t  Rernowo/ from 
v/asrt? Tbnks 

4 FIGURE 1. SRP Defense Waste processing Reference Fl owsheet 
Hw%-d- 



p r o p e r t i e s .  Fur thermore ,  PNLls m o d i f i c a t i o n s  made t h e  d r y e r  

less s u i t a b l e  f o r  remote ope ra t i on .  

By mid-1960, t h e  Savannah River  La.bora.tory p l a n s  t o  have 

func t ion ing ,  i n  i t s  r e n ~ o t e l y  ope ra t ed  High-Level Ca.ves , a small 

s c a l e  s p r a y  d rye r  s i m u l a t i n g  t h e  proposed defense waste . d r y i n g -  

process .  To acconiplish t h i s ,  a s p r a y  d r y e r  no t  p lagued by t h e  

PI?L problem's i s  r e q u i r e d .  The i n i t i a l  purpose of t h i s  i n -  

v e s t i g a t i o n  v a s  t o  determine i f  t h e  PEL s p r a y  d r y e r ' s  prob- 

lems could be e l imina t ed  by t h e  c o r r e c t  cho i ce  of cpera . t ing  
I 

cond i t i ons .  . I t  v r 2 . s  e x p e r i n e n t a l l y  deterni ined,  however, t h a t  

t h e s e  problems d i d  no t  stem from an imlproper cho ice  of oper-  

a . t ing  c o n d i t i o n s ,  S u t  were i n h e r e n t  i n  t h e  des ign  i t s e l f .  T h i s  

r e a . l i z a t i o n  r e s u l t e d  i n  a. s e a r c h  f o r  a. new d r y e r  de s ign .  T h i s  

ques t  ter rc inated vhen a s i m p l e ,  b u t  nove l  rcodif ica . t ion 1va.s 

found which t heo re t i ca . l . l y  a.llows t h e  si :nultaneous a . t t a inment  

of a.11 t h r e e  radi0a.c t i v e  s a . s t e  d r y i n g  requ i rements .  



SPRAY D R Y I N G  UJD. THE PNL DRYER 

Spra.y d r y i n g  i s  performed by i n t r o d u c i n g  t i n y  s o l i d -  

c o n t a i n i n g  d r o p l e t s  i n t o  a. hea.ted env i ronment ,  where t h e y  

q u i c k l y  e v a p o r a t e ,  1ea.ving a d r i e d  p r o d u c t .  The un ique  

advan tages  of s p r a y  d r y i n g  stem from t h e  f a c t  t h a t  t h e  drop-  

l e t s  d r y  l i ~ h i l e  f r e e l y  s a s p e n d e d ,  which a l l o w s  them t o  d r y  

even ly  a t  a  r e g u l a t e d  r a t e .  I n  t h i s  manner,  t h e  p h y s i c a l  

and chemica l  malreup of t h e  p r o d u c t  can  be  c o n t r o l l e d .  'Thus ,  

i t  i s  impera . t ive  t h a t  t h e  p a r t i c l e s  d r y  c o m p l e t e l y  b e f o r e  

t h e y  s t r i k e  t h e  i n n e r  s u r f a c e s  of  t h e  d r y e r .  Wet p a r t i c l e s  

would a d h e r e  and d r y  t h e r e , a n d  o f t e n  a.ccumulate a.s s c a . l e  

d e p o s i t s .  TG p l - ~ v e n t  prenlature c o n t a c t  w i t n  t h e  l.va.lls, a 

d r o p l e t  must t r a v e l  some minimum d i s t a n c e ,  which is an 

e l u s i v e  f u n c t i o n  of ma.ny v a r i a b l e s .  To i n s u r e  t h a t  z l l  

d r o p l e t s  t r a . v e l  t h i s  rninin~uin d i s t a n c e ,  t h e  d r y i n g  chamber 

can  be z a d e  u n d u l y .  b a r g e ,  o r ,  a s  p r e f e r e d ,  t h e  i n t e r n a l  drop-  

l e t  s p r a y  p a t t e r n  can  be c o n t r o l l e d  by t h e  i n t r o d u c t i o n  of 

a i r ,  o r  any o t h c r  gas, i n t o  t h e  dryi11g chamber. T h i s  air en- 

t r a i n s  t h e  t i n y  d r o p l e t s  and c a r r i e s  them, a s  t h e y  d r y ,  i n  a. 

predetermined '  p a t t e r n  t h a t  i n s u r e s  p remature  c o n t a c t  is n o t  

cade .  G e n e r a l l y ,  t h i s  a i r  s e r v e s  a  second i m p o r t a n t  f u n c t i o n .  

Nor:r.ally, i t  i s  h e a t e d  b e f o r e  e n t e r i n g  t h e  d r y i n g  chamber,  

the reby  s u p p l y i n g  t h e  d r y i n g  f o r c e .  T h i s  i s  c a l l e d  d i r e c t  . 

h e a t i n g .  T h u s ,  s p r a y  d r y i n g  .is composed of t h r e e  e q u a l l y  i m -  

p c r t a n t  o p e r a . t i o n s :  a t c n i z i n g  t h e  l i . qu id  f e e d ,  d r y i n g  t h e  d r o p l e t s ,  



and c o n t r o l l i n g  t h e  d r o p l e t s t  t r a j e c t o r i e s .  

The p r i n c i p l e  r o l e  of l i q u i d  a . tomiza t ion  i s  t o  p roduce  

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

e v a p o r a t i o n  r a t e s O 7  Because t h i s  r a t i o  i n c r e a s e s  a.s t h e  d i -  

ameter  of t h e  d r o p l e t  d e c r e a s e s ,  t h e  a t 0 m i z e r . t ~  p r i m a r y  r o l e  

i s  t o  produce  r e l a t i v e l y  sma.11 d r o p l e t s .  I ts  s e c o n d a r y  r o l e  

i s  t o  i n f l u e n c e  t h e  p h y s i c a l  p r o p e r t i e s ,  and t o  some e x t e n t ,  

t h e  chemical  compos i t ion  of t h e  d r i e d  p r o d u c t ,  which a r e  func-  

t i o n s  of t h e   droplet!^ i n i t i a l  s i z e  and v e l o c i t y .  C u r r e n t l y ,  

t h e  s p r a y  d r y i n g  i n d u s t r y  employs t h r e e  a . tomiza t lon  methods:  

p r e s s u r e  a t o m i z a t i o n ,  r o t a r y  a . tomiza. t ion , and t w o - f l u i d  a.tom- 

i z a t i o n .  

A p r e s s u r e  a t o m i z e r  c r e a . t e s  a l i q u i d  j e t ,  which l a t e r  b r e a k s  

UP, by f e r c i n g  t h e  l i q u i d  f e e d  th rough  a  narrow o r i f i c e .  The 

ensu ing  d i s i n t e g r a t i ~ n  of t h e  l i q u i d  j e t  i n t o  d r o p s  h a s  been  

under i n v e s t i g a t . i o n  s i n c e  Lord R a y l i e g h f s  s t u d i e s  i n  t h e  e a r l y  

y e a r s  of t h i s  c e n t u r y ,  b u t  no ri~echanism  ha^ y e t  been found.  8 

These and l a t e r  s t u d i e s  ha.ve l e d  t o  t h e  f o l l o w i n g  c o n c l u s i o n s ,  

however: '  i f  t h e  l i q u i d  j e t  h a s  a  c h a . r a c t e r i s t i c  Reynolds Number 

g r e a t e r  t h a n  2100,  t h e n  i t  will brealc up w i t h o u t  t h e  a p p l i c a t i o n  

of any e x t e r n a l  f o r c e ;  if t h e  Reynolds Number i s  l e s s  t h a n  2100, 

t h a n  an  e x t e r n a l  f o r c e ;  such  a s  a i r  r e s i s t a n c e ,  i s  r e q u i r e d ,  

G e n e r a l l y ,  h i g h  l i q u i d  p r e s s u r e s  a r e  used  t o  i n s u r e  h i g h  l i q u i d  

v e l o c i t i e s ,  \vhicil i n t u r n ,  r e s u l t  i n  h i g h  Reynolds Numbers and - 
9 ve ry  m a l l  d r o p l e t s .  



Rotary a t o m i z a t i o n  i s  ach ieved  by c e n t r i f u g a l l y  a c c e l e r - .  

a t i n g  t h e  l i q u i d  f e e d  t o  a h igh  v e l o c i t y  b e f o r e  r e l e a s i n g  i t  t o  

t h e  d r y i n g  environment ,  where i t s  d i s i n t e g r a t i o n  i n t o  d r o p l e t s  

occurs .  T h i s  p r o c e s s  can be s e e n  i n  f i g u r e  2. 

F i g u r e  2 ,  Rota ry  ,Atomizer. 10 
Source  : K a r s h a l l  and  S e l t z e r .  

The high r e l e a s e  v e l o c i t i e s  a r e  acn ieved  wi thou t  t h e  h igh  

. p r e s s u r e s  r e q u i r e d  w i t h  a p r e s s u r e  nozz l e .  

I n  t1:io-fluid a t o m i z a t i o n ,  a gas  s t ream i s  used t o  b reak  

up t h e  l i q u i d  f eed  s t ream.  Because an e x t e r n a l  f o r c e  i s  b e i n g  

used t o  bread t h s  l i q u i d  s t r e m ,  e x t e n s i v e  a tomiza . t ion  i s  

achieved wi th  low l i q u i d  p r e s s u r e s  and generally lol/i l i q u i d  f l ow  

. r a t e s .  A t ~ o - f l u i d  n o z z l e ,  -where t h e  f e e d  i s  l i q u i d  w a s t e ,  and  

t h e  a t c r ~ i z i ~ ~ g  gas i s  3i.r) i s  shown i n  f i g u r e  3. There  a r e  f ~ u r  

n ~ z z l c  o p e r a t i n g  v s r i n b l e s ,  zny two of which s r e  independent .  

They a r e  t h e  ',-as i'lo.?:; r a t ' e  , .  t h e  gas  p r e s s u r e ,  t h e  l i q u i d  flovr 

n r s t e ,  and t h e  l i q u i d  p r e s s u r e .  . 1 1 1 i s  t ype  of nozz l e  i s . c a p a b l e  of 



producing very small droplets  wi th  low stream pressures. 

--.- 

1 1  Figure  3. Tvio-Fluid Nozzle, 
Source: Larson and Bonner 

Generally,  the  degree of a t o ~ n i z a t i o n  i n c r e a s e s  with i n c r e a s i n g  

gas f low r a t e s  and p r e s s u r e s ,  but  decreases  wi th  i n c r e a s i n g  

l i q u i d  flow r a t e s  and p ressu res .  

The second phase of sp ray  d ry ing  concerns t h e  d ry ing  of 

d rop le t s .  Even though t h e  d r o p l e t s  a r e  i n j e c t e d  i n t o  t h e  dry- 

i n g  environment a t  high v e l o c i t i e s ,  sometines r each ing  hundreds 

of f e e t  g e r  second, they very qu ick ly  acqu i re  v e l o c i t i e s  n e a r l y  

equal  t o  those of t h e  surrounding gas. l 2  Furthermore,  t h e i r  



i n i t i a l  d i a m e t e r s  a r e  u s u a l l y  l e s s  than  200 microns .  The small 

s i z e s  and low r e l a t i v e  v e l o c i t i e s  of t h e  d r o p l e t s  e n s u r e s  t h a t  

most of t h e  d r y i n g  occu r s  i n  a regime where t h e i r  Reynolds Num- 

b e r s  a r e  l e s s  t h a n  2. l 3  Under t h e s e  c o n d i t i b n s ,  t h e  evapor-  

a t i o n  r a t e s  of pure  wa te r  d r o p l e t s  can  be c o r r e l a t e d ,  and appea r  

below i n  f i g u r e  4. 

F igu re  4, Evapora t ion  L i f e t i m e s  For  '!Jater. 1 1, 
Source  : Marsha l l  and S e l t z e r .  

Few s t u d i e s  have been made conce rn ing  t h e  d r y i n g  of s o l i d -  

c ~ . n t a i n ' i n g  d r o p l e t s .  T h e r e f o r e ,  t h e  corre1at ; ions  shov~n i n  f i g u r e  

4 s e r v e  s o l e l y  a s  i n i t i a l  approxi!nat ions .  'These app i -ox ina t ions  
. . 

a r e  v a l i d  f c r  d l - o p l e t s  "Lat havcl? a low s o l i d  c o n t e n t ,  form pop- 

GUS prociuct p a r t i c l e s ,  o r  show l i t t l e  tcndcncy t o  form s o l i d  s h e l l s  

which e n c l o s e  t h o  rorcaining ,:):atere 15 



The f i n a l  i m p o r t a n t  e l emen t  of s p r a y  d r y i n g  c o n c e r n s  t h e  

e f f e c t i v e  c o n t r o l  of  t h e  d r o p l e t s t  t r a j e c t o r i e s  i n  t h e  d r y i n g  ' 

chamber. A s  a l r e a d y  s t a t e d ,  t h e  i n j e c t e d  d r o p l e t s  q u i c k l y  ac -  

q u i r e  t h e  v e l o c i t i e s  of t h e  s u r r o u n d i n g  gaseous  medium. Fur- 

t h e r m o r e ,  a.s a l r e a d y  m e n t i o n e d ,  t h e  un iquk  a d v a n t a g e s  of  s p r a y  

d r y i n g  o c c u r  b e c a u s e  a m a . t e r i a 1  d r i e d  i n  a s p r a y  d r y e r  d o e s  n o t  

c o n t a c t  s o l i d  s u r f a c e s  u n t i l  i t  h a s  become d r y .  l 6  F o r  t h e s e  

r e a . s o n s ,  t h e  mediun~ f s  f low p a t t e r n  must n o t  c a r r y  m o i s t  d rop-  

l e t s  d i r e c t l y  t o  t h e  w a l l s  of t h e  d r y e r .  As a r e s u l t  ,! spra .y  

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

i n t o  a. wel l -b.ehaved,  tha . t  i s  n o t  f i e r c e l y ' t u r b u l e n t ,  f l o w  of  gas. A 

. t y p i c a l  f l o w  pa. t tern: . :  c a n  b e  s e e n  i n  f i g u r e  5 on t h e  f o l l o v ~ i n e ;  

The a d v a n t a i e s  of s p r a y  d r y i n g ,  due  p r i m a r i l y  t o  t h e  f a c t  

t ha . t  d r y i n g  o c c u r s  a t  a c o n t r o l l e d  r a . t e  a.nd p r i o r  t o  c o n t a . c t  

17 s o l i d  s u r f a . c e s  , i n c l u d e :  

1.  C e r t a i n  p r o d u c t  p r o p e r t i e s  may b e  e f f e c t i v e l y  
c o n t r o l l e d  and v a r i e d .  

a .  P r o d u c t  d e n s i t y .  
b.  P r o d u c t  shape .  
c . Prriduct. S ~ . Z C .  

d. F r ~ d u c t  chec i i ca l  c o m p o s i t i o n ,  when a l t e r a b l e .  

5. I t  i s  s u i t e d  t.o t h e  d r y i n g  o f  h e a t  s e n s i t i v e  m a t e r i a l s .  ' 

I t s  e f f i c i e n c y  i s  compara.ble w i t h  t h a t  o f  o t h e r  
d i r e c t  d r y e r s ,  

The convent i .on .a l  s p r a y  d r y i n g  p r o c e s s  d e s c r i b e d  above  

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

remote  o ~ e r a t i o l i  ar,% e f f e c t i v e  c o n t r o l  .eve;. t h e  ~ r o d ~ c t s  p h y s i c a l  



Hot 
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\.- Exhaust  end 
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F igure  5. A T y p i c a l  Flow P a t t e r n .  18 
Source : S l c a n ,  \Illleelock a n d  Tsao. 
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and  c h e m i c a l  zake-up, ' '  d u t  i t  i s  n o t  e n t i r e l y  s u i t a b l e  f o r  
- .  

d r y i n g  r a d i o a c t i v e  w a s t e .  Large volumes.  of r a d i o a c t i v e  ex- 

h a u s t  have t o  be t r e a t e d .  Rising t o  t h i s  c h a . l l e n g e ,  PNL de- 

ve loped a m o d i f i e d  s p r a y  d r y e r  which g r e a t l y . r e d u c e d  t h e  v o l -  

ume of o f f - g a s .  The 1 a . b o r a t o r y  s c a l e  P14L d r y e r  i s  d e p i c t e d  
. , 

below: 
Top-fAount ed 

Alomizing Air 

/ 

Oul 

.fa1 

Calcine 
Out 

F i g u r e  6 .  T h e  1'NL D r y c r ,  20 
Source  : Landon, 

- 1 I+ 



A s  can be  s o e n ,  on ly  t h e  water  v a p o r ,  t h e  a.tomizing air 

eminat ing from a two-f luid  n o z z l e ,  and t h e i r  con taminents  

compose t h e  exhaus t  s t ream and.need t o  be p rocessed .  The dry- 

i n g  h e a t  i s  s u p p l i e d  by r a d i a t i o n  'and convec t ion  from t h e  

d ryer  I s  i n n e r  w a l l s ,  which a r e  k e p t  a t  approx imate ly  600' 

Ce ls ius .  

. PNLis d e s i g n ,  whi le  g r e a t l y  r educ ing  t h e  volume of o f f -  

g a s ,  l e s s e n e d  t h e  opera. tor  1s c o n t r o l  over  t h e  p roduc t  1s chem- 

ica .1 .  composi t ion and p h y s i c a l  p r o p e r t i e s .  T h i s  wa.s du; t o  t h e  

f a c t  t h a t  t h e  t h i r d  .key element of s p r a y  d r y i n g ,  c o n t r o l  of t h e  

d r o p l e t  1s t r a j e c t o r y ,  wa.s l a c k i n g .  I . n i t i a 1  t e s t s  at PNL' i n -  

dica. ted tha . t  l a r g e  amounts of f.eed were s t r i k i n g  t h e  vralls of 

t he  d rye r  whi le  s t i l l  w e t ,  a.nd a d h e r i n g  t h e r e ,  Because dryi .ng 

wa.s t a k i n g  p l a c e  on t h e  v ra l l s ,  many of t h e  a.dva.nta.ges of spra.y 

d r y i n g ,  i n c l u d i n g  c o n t r o l  of t h e  p roduc t  1s chemica.1 and p h y s i c a l  

makeup... , viere l o s t .  Fur thermore ,  t o  comb.at t h e  a.ccumulation of 

s o l i d s  ,on t h e  . ~ : ~ a l l s  of t h e  d r y e r ,  v i b r a t o r s  we re  a. t ta .ched t o  

shake t h e  d e p o s i t s  l oose .  Vibra . t ing a mass ive ,  f u l l  s c a l e ,  

0 600 C e l s i u s  s p r a y  d rye r  i s  c e r t a i n  t o  weaken i t ,  t h e r e b y  making 

i.t l e s s  su : i t ab le  f o r  remote opera. t ion.  

A s  p r e v i o u s l y  mentioned,  by mid-1 980,  t h e  Savanna.h River  

P l a n t  p l a n s  t o  have o p e r a t i n g  a  sma l l  s c a l e  s p r a y  d r y e r  simu- 

l a t i n g  t h e  Oefense Ylaste d ry ing  p roces s .  A modif ied  s p r a y  d r y e r ,  

e m i t t i n g  low volumes of o f f - g a s ,  and n o t  p lagued by t h e  PNL 

problems i s  r e q u i r e d .  The i n i t i a l  purpose of t h i s  i n v e s t -  

i g a t i o n  was t o  determine whether a  change i n  n o z z l e s ,  o r  a  



change i n  t h e  n o z z l e t s .  two independent  o p e r a t i n g  v a r i a b l e s  

( l i q u i d  f low r a t e ,  and noz.zle a i r  p r e s s u r e ) ,  cou ld  fa .vorably  
' 

a l t e r  t h e  s p r a y  p a t t e r n  i n  t h e  PNL d r y e r ,  t he reby  e l i m i n a t i n g  

t he  s c a l i n g  a.rid c o n t r o l  problems. These f a c t o r s  were found t o  

have l i t t l e  e f f e c t  on t h e  s p r a y  p a t t e r n .  T h e r e f o r e ,  a more 

s a t i s f a c t o r y  des ign  was developed. 



.. . . . 
, , . . .  . .. . . . .  . . .  , . . .  

. . EXPERIMENTAL METHOD 
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. . 
Exper imenta l  O b j e c t i v e  

. . . . .  . 
U n f o r t u n a t e l y  , no r e l i a b l e  method o f .  d e t e r m i n i n g  the spray , . . . 

. . , . 

. p a t t e r n  developed v ~ i t h i n  an o p e r a t i n g  d r y e r  i s  known. 
. . . . . . 

c o r d i n g l y ,  o n l y  t h e  d i s t r i b u t i o n  o f  l i q u i d  s t r i k i n g  t h e  s i d e s , . o f  . .:.,.'. 
. r 

t h e  d r y e r  was s o u g h t .  Fur the rmore ,  t h e  s p r a y  h i s t r i b i t i o n  w a s  ,. . , . -  
, . .  . , .  . . 

. sough t  f o r  a room t e m p e r a t u r e  d r y e r ,  which c l e a r l y ,  w i l l  be. dif- . . . 
. . ... 

. . .  . 
. .. . :, . 

f e r e n t  from t h a t  o f .  a d r y e r  i n  normal . .opera . t ion .  ~ h i s : . : ' ~ p ~ $ o a c h  , : . '  . . . .  : . . . : . . . .  , . ' . . , ; -  .. : , . : .  . . . .  , r .  3% : ' : ' ' :  ' / .  ' .  . .  ,. . 

was r a t i o n a l i z e d  i n  a 'number of ways. F i r s t  ,' if .. d o r i t r o l  'of t h e  ,. , ' .  . . ,  . 
. . ,... . 8 

s p r a y  p a t t e r n  c o u l d  n o t  b e  a c h i e v e d  i n  a chamber v o i d  of ' h e a t i n g  
. . . ;,1 . . . \  

and d r y i n g  e f f e c t s ,  c o n t r o l  would be  i m p o s s i b l e  under  normal  
-. . 5 .  . . . . j , . : .  

o p e r a . t i n g  c o n d i t i o n s .  S i g n i f i c a n t  improvements i n  th'e sbray 

p a t t e r n ,  however., would b'e implementable .  F i n a l l y ,  no opera -  

t iona .1  d r y e r  of PNLts c o n f i g u r a t i o n  wa.s a .va i la .b le .  Thus ,  t h e  

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

t r i b u t i o n  s t r i k i n g  t h e  s i d e s  of a room t e m p e r a t u r e  d r y e r  of 

PNL 1s dimensions  and c l o s e d  t o p  c o n f i g u r a . t l o n .  S p e c i f i c a . l l y  , 
t h e  e f f e c t  of a change i n  n o z z l e s ,  a.s w e l l  a s  a. change i n  t h e  

n o z z l e  1s t ~ o  independen t  v a r i a b l e s ,  on t h e  s p r a y  d i s t r i b u t i o n  

was i n v e s t i g a t e d .  A d d i t i o n a l l y ,  t h e  e f f e c t  of a c l o s e d  t o p  was 

i n v e s t i g a t e d .  

Equipment 

The t e s t  a p ~ a r a t u s  was composed of a c o n s t a n t  s p e e d  

Mas te r - f l ex  p e r i s t a l t i c .  -pump (701 11 pump head)  s u p p l y i n g  a 2.914. 

molar  sodium n i t r a t e  s o l u t i o n ,  t o  one o f  t h r e e  commercially 
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. . '.'. . .  . , 

. . '. 2 . .  

supp l i ed  a i r  a tomiz ing  n o z z l e s ,  a t  f low r a t e s  between one and 
. : .  . .  . . . .  . .. 

.. . 
, t h r e e  l i t e r s  per  hour ( s e e  f i g u r e  7) .  The n o z z l e s  t e s t e d  were:. , . . .  . . 

produced by t h e  Spray ing  Systems Cofilpmy. These n o z z l e s ,  chosen . . 
. . .  

f o r .  t h e i r  narrow conica.1 s p r a y  p a t t e r ~ i ,  f i n e  a t o m i z a t i o n ,  and . . 
. . . . 

. . - 
. appropr ia . t e  flolsr . r anges ,  were t ypes  1/8 JJ11 , 1 /8JJ12A, and . '. 

. . , . . . .  .. . ,. . . . . 
1/8 5512, ( In format ion  concern ing  t h e  n o z z l e s  a.ppears i n  . .. . -: . . . , . ' 

. .. . . , . 

' Appendix I ) .  A 20ps ig  sou rce  s u p p l i e d  a i r  t o  t h e  nozz l e  through . . 

. . 

a. Nullmatic p r e s s u r e  r egu la t . o r  ( t y p e  40-50) and a Man0sta.t f low ... ' . .. . 
. ! .  . . 

' meter ( t y p e  36-541 -23).  . . 
. . .  . 

... . . . . . .. . . . . . . The n o z z l e ,  o r i e n t e d  i n  v a r i o u s  con f igu ra . t i ons  spra.yed : 

. .. . . .  . . 
. , x  . . .  

t he  r e s u l t i n g  m i s t  i n t o  a ,  c l e a r  p l e x i g l a s  c y l i n d e r  ( s e e  : :.-:, '. : 
, . .. . . . a. . , , .  . 

Appendix 1 1 ) .   he. c y l i n d e r ,  similar t o  PNL's d r y i n g  chamber, ' 

had a 4.94 i n c h  i n z e r  d iameter  and a. 53 i n c h  leng th . ,  ; A ,  90 p s i g  

a u x i l i a r y  a i r  sou rce  s u p p l i c d  a i r  through a Broolcs f low meter  
.. . 

( t y p e  1320-O1ZIC) t o  t h e  c o n f i g u r a t i o n  3 ba . f f l e  chamber ( s e e  

Appendix 1 1 ) .  

The sp ray  i n p a c t i n g  t h e . c y l i n d e r f s  i n n e r  s u r f a c e  w a s  

absorbed by Gelman g l a s s  f i b e r  f i l t e r s  ( t y p e  A/E) which were 

he ld  i n  p o s i t i o n  by a p l a s t i c  p o s i t i o n i n g  s t r i p  ( s e e  f i g u r e  8) .  

The a r e a  of t h e  f i l t e r  exposed was ,938 squa re  i n c h e s  ( 1 .5 in .  

by .625in.).  The f i l t e r s  were weighed on an Ainsworth b a l a n c e  

( t y p e  10 ) .  

Procedure 

I n i t i a l l y ,  t h c  g l a s s f i b e r  f i l t e r s  were c u t  i n t o  r e c t a n g l e s  

s l i g h t l y  I z r g e r  than  t h e  c o l l e c t i n g  viindovrs , weighed,  and 







. . . .  . . . .  . . .  . , . . .  
. L  . , . . .  i. 

. " ,  . . . . . . . .  - ' 4  . ! ... . . 
. . . . _ . .  . .  :;. . .:. ., : 

. . .  
placed  i n  t h e  p o s i t i o n i n g  s t r i p .  T h i s  s t r i p  was ' then  ' 

. . .  
. ; .  ' .:. .. 

secured t o  t ho  i n n e r  s u r f a c e  of t h e  t e s t  c y l i n d e r  which was.. . . . . . . . .  
. . . . 

.: s e t  up i n  t h e  d e s i r e d  c o n f i g u r a t i o n ,  I f  t h e  c l o s e d  conf igur -"  . . . . ;  
. . . . "  

,. . 
a t i o n  was be ing  t e s t e d ,  a c o l l e c t o r  was p o s i t i o n e d  on.  t h e  . . . . .  . .......... . .... I 

. . . .  ' ' 1  . . . . . . . .  . . 1 
unde r s ide  of t h e  top.  

. I : . .  A f t e r  t h e  nj,r f lows were e s t a b l i s h e d ,  t h e  sodium n i t r a t e '  ..:. I 
i 

. s o l u t i o n  was s u p p l i e d  t o  t h e  nozz l e  at  f low r a t e s  between one .and .  .' , 
, j . . . . . ! 

. . .  
t h r e e  l i t e r s  p e r  hour ,  The l i q u i d  f eed  w a s  con t inued  ;on ly  un- , . .  

. . 
I 

. . . . . :  ! . . .. , . . 
ti1 t h e  drops  adhe r ing  t o  t h e  s u r f a c e  of t h e  t e s t  c y l i n d e r  y e r e  ' .  . . . ! 

! 
. . I 

, about  t o  b r eak  f r e e .  T h i s  g e n e r a l l y  r e q u i r e d  betwein one and : . -  , , .  

. t h r e e  minutes .  F i n a l l y ,  t he  air f  lovrs were s h u t  o f f  . 1 
. ' .  I 

During t h e  exper imenta l  r u n ,  n o z z l e  f low r a t e s ,  n o z z l e . .  . . .. I 
. . ! 

I 

pres s f i r e s ,  and t h e  d u r a t i o n  of t h e  l i q u i d  f low were recorded .  ! I . .  ! 

Visual  o b s e r v a t i o n s ,  such as t h e  d i s t r i b u t i o n ' s  maxima, were 

a l s o  noted.  

A f t e r  t h e  r u n ,  t h e  p l a s t i c  p o s i t i a n i n g  s t r i p  w a s  g e n t l y  . ' 

lowered from t h e  c y l i n d e r  and t h e  c o l l e c t o r s  viere removed, d r i e d  

and weighed. The s o l i d  remaining on t h e  f i b e r  c o l l e c t o r s  de- 

termined t h e  d i s t r i b u t i o n ,  F i n a l l y ,  t h e  t e s t  . cy l inder  was . 

r i n s e d  t o  p reven t  t h e  accumulat ion of s o l i d  sodium n i t r a t e  on 

t h e  c y l i n d e r  1s i n n e r  s u r f  ace .  
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. . . : . . . . . . .  RESULTS ' 
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. . I 
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I 
The s p r a y  d i s t r i b u t i o n  c a ~ l c u l a t i o n s  a r e  e x t r e m e l y  s t r a i g h t  " .  

I . . . . ,  . 

forward. F i r s t ,  t h e  amount of l i q u i d  s t r i l d n g  t h e  i n n e r  sur- . . . .  
, 

. . . . .  . . . . . .  
. . . . . .  f a c e s  of t h e  c y l i n d e r  (i..e. t h e  s p r a y  d i s t . r i b u t i o n )  i s  a' . . .  ' . . 

: 1 
. . . . -: . . , . 

. . .  . . 

.. f u n c t i o n  o f . t h e  v e r t i c a l  d i s t a n c e  from t h e  n o z z l e  and c'an ". . . .  ... .: ' 

... . . . . .  . -: . 
. . . . 

, . a  . . . .  b e  c a l c u l a t e d  by: . . . . . . . .  . - .  . . . . .  . . . . .  
Md 

- .  

. . .  , . : .  . . . . . .  . . . .  = C M . . . . . . .  
. . 

:. . 
. 9 .  ..:. . , . . '  . .  . . 

. I.. A*,. 

.' ? .  ' .:!.. .,'I .. \irhere V i s  t h e  volume o f  li u i d  stril&ng t h k  . ,.:p ,:.. s :  : . . . . .  % . ; , -  

. . 
. . . . .  . . .  . . . . . . . . . . . . . . " “  t e s t  s u r f a c e  . ( m l / f t  ,? ; . . ,  . . ....... . . .  - , . . . . .  . ,, .,. . . .  

. . .  . . .  
. . .  . . 

Md i s  t h e  mass of s o l i d  s t r i k i n g  the  - . . . . 
. . .  . c o l l e c t o r  (g / f  tL) ; . . - . I .  2 ; . . . . . . . . . : . . . . .  . < '  . , '  . . .... 

. . . .  
C i s  t h e  c o n c e n t r a t i o n  of d i s s o l v e d  .. . - . ,... . %  . . 

. . . .  . . .  . . . . < '  .'. ' s o l i d  (gmol/ml) ; , , ' . . . . . .  . ? .  

I 

. . I\1 i s  t h e  mol.ecu1a.r weight  of t h e  
d . i ssolved s o l i d  ( g / g n o l ) .  

T h i s  volume i s  t h e n  r e a d i l y  c o r r e c t e d  t o  c o r r e s p o n d  t o  55 
. . . . 

m i l l i l i t e r s  of l i q u i d  f e e d  p a s s i n g  through t h e  n o z z l e :  

where F i s  t h e  vol-ume of l i q u i d  f e e d  (ml). 

T h e  D i s t r i b u t i o n  Is 0 3  PA Func t ion  Of Confi , ;urat i -on - - - - .  

The d i s t r i b u t i o n  of l i q u i d  s t r i l d n g  t h e  i n t e r i o r  of t h e  

t e s t  c y l i n d e r ,  a s  can b e  s e e n  i n  f i g u r e s  9 and 10, i s  n e a r l y  

independen t  of t h e  cl13i.ce of n o z z l e s ,  f o r  b o t h  t h e  open and 

closed. c o n f i g u r a t i o n s .  S i m i l a r l y ,  t h e  s p r a y  d i s t r i b u t i o n  i s  



. n e a r l y  independent  of t h e  n o z z l e s  two o p e r a t i n g  v a r i a b l e s ,  : , 

.' .' 
nhich  h e  i t s  flow r a t e  and air p re s su re .  Each n o z z l e  w a s  . '  : ' 

t e s t e d  i n  a t  l e a s t  one c o n f i g u r a t i o n ,  w i t h  t y p i c a l  r e s u l t s  ' 

appearing i n  f i g u r e  1 1 . 
A comparison of f i g u r e s  9 and 10 q u i c k l y  r e v e a l s  t h a t  the 

. d i s t r i b u t i o n  i s  a f u n c t i o n  of t h e  t e s t  a p p a r a t u s '  con f ig -  

u r a t i o n .  T h i s  r e l a t i o n s h i p  i s  .more de f ined  i n  f i g u r e  12, 

where t h e  s p r a y  d i s t r i b u t i o n s  are c o n t r a s t e d  on t h e  same graph ,  
, . 

. . I f ,  as p o s t u l a t e d ,  t h e  volume of l i q u i d  s t r i k i n g  t h e  walls . .. of 
. . .  . 

an o p e r a t i n g  d r y e r ,  which i s  p r o p o r t i o n a l  t o  t h e  a r e a  under  t h e  

d i s t r i b u t i o n  c u r v e ,  i s '  t o  be minimized,  and t h e  expe r imen ta l  

t r e n d s  a r e  va. l id f o r  normal o p e r a t i o n ,  then  t h e  open c o n f i g ~ r a -  

t i o n  i s  s u p e r i o r .  Apparen t ly ,  t h e  s o l i d  d e p o s i t s  formed i n  

PNLts d ryer . ,  r e s u l t i n g  from wet f eed  str i l rAng t h e  i n n e r  s u r -  

f a c e s ,  a r e  due i n  part t o  i t s  c l u s e d  c o n f i g u r a t i o n o  V i s u a l  . . . . .  

obse rva t ions  i n d i c a t e d  t ha . t  s e v e r e  t u rbu l ence  was c r e a t e d  . i n  

t h e  t e s t  cy l i r lder  ? s  upper r e g i o n  w h i l e .  opera.ted i n  a. c l o s e d  

c o n f i g u r a t i o n .  T h i s  t u rbu l ence  destroye'd t h e  nozz l e  ts normal 

spra.y p a t t e r n  and caused l a r g e  amounts of l i q u i d  t o  s t r i k e  t h e  

upper sur fa .ces  of t h e  c y l i n d e r ,  The open c o n f i g u r a t i o n ,  on t h e  

o t h e r  hand,  allovied t h e  s p r a y  t o  draw a  more 1amina.r f low of 

a . i r  down t h e  c y l i n d e r ,  which preserved  t h e  s p r a y  p a t t e r n .  

Because t h e  i n t e r n a l  s p r a y  p a t t e r n  could  n o t  be  c o r r e c t e d  by 

a change of n o z z l e s  o r  o r  a change i n  t h e  n o z z l e l s  o p e r a t i n g  

c o n d i t i c n ,  a b e t t e r  d rye r  des ign  was sought .  
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Nozzle Air Pressure: 10 psig 

Liquid Flow Rate: 21 ml/min 
(55 rnl/oin for JJ12A) 
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F i , u r o  9.  Spray  D i s t r i b u t i o n  i n  a n  Open ' c o n f i g u r a t i o n  
f o r  D i f f e r e n t  Nozzles .  



Nozzle A i r  P ressure :  10 p s i g  . . 

Liquid Flow Rate: 21 ml/min 

Spraying Systems 
Nozzle 1/8 5512 

. . 

V e r t i c a l  D i s t ance  From ?iozzle ( f t )  

F igu re  10. Spray D i s t r i b u t i o n  i n  t h e  PKL c l o s e d  
C o n f i g u r a t i c n  f o r  D i f f e r e n t  Nozzles .  



L i q u i d  Flow Rate Nozzle 
(ml /min)  A i r  Pressure ( p s i g )  

21 5 
55 5 . ;  

55 10 

. V e r t i c a l  D i s t ance  From Nozzle (ft) 

Figure 1 1 .  Spray D i s t r i b u t i o n  f o r  Spray 
S y s t e m s  Wozzlc 1 / b  JJlZA i n  an 
Opcn C o n f i g u r a t i o n .  



Nozzle  A i r  P r e s s u r e :  10 p s i g  

.Liquid Flow Ra t e :  21 ml/min 

1 2 3 4 

V e r t i c a l  D i s t a n c e  From Kozzle ( f t )  

F igure  12. Spray  Distribvticn f o r  S p r a y i n g  Syste::s l iozzle 
1/8 JJ12 in Upen and Closed C c n f i g l r a t i o n s .  



Auxi l i a ry  A i r  Was In t roduced  . - -  
. . 

.. . . . .  Numerous s u c c e s s f u l  a t t e m p t s  were made t o  f a b r i c a t e  an '.'::.': - ';. . : .. . . .  . . .  . . .  . . . . . .  . . 
o p e r a t i n g  c o n f i  y r a t i o n  t h a t  vrould c r e a t e  'a f a v o r a b l e  s p r a y  . . :  . . ' . .' . . . . . .  -: ., 

. . . .  . 4 .  . . 
: .  . d i s t r i b u t i o n .  Only a non tu rbu len t  i n t r o d u c t i o n  of a u x i i i a r y " j  . . . . . . . . . . .  . , 

. . .  . . .  . . . . . -  . 
air i n t o  t h e  t o p  of t h e  . :cyl inder  . was r e q u i r e d  (which cnould  ;, . , . . .  ;: .'.',' . .  1,. . .  

..: . . . . . _ .  ._ . ._. . . 
. . 

, n o t  s u r p r i s e  any v e t e r a n  sp ray  d rye r  d e s i g n e r ) .  A c o n t r o l l e d .  :_ .. 
. . .  . . . . _  . . ._. ' I . . .  

f low of non tu rbu len t  a i k  was in t roduced  i n t o ' . t h e  t e s t  cylinder: : . .  . . .  . . 
. . . . . .  . '. 

u s i n g  a b a f f l e  chamber, which reduced thd t u rbu l ence  caused  b y : ,  ' . .' 
, . , , 

. . . . 
. '. . : . :  . . . . 

. . .  .?' . , ;. . a sudden e x p a n s i o n  ( s e e  c o n f i g u r a t i o n  '3 i n  ~ ~ p k n ' d i i  11) .' . . ' . ..c; : . . . . . .  
. . 

A u x i l i a r y  a i r  flovis between 6 and 20. s t a n d a r d  cub ic  f e e t  p e r  , 

.... . . . . . .  . . . . E  _ -  :,. >, .. - , . .  , .-, ,., . . .  . . . . .  , .., ' ; " . " ' ' . . 1,; < ; . 
minute (SCFE.!) were i n t r o d u c e d , .  w i th  t h e  ' . ~ & s u l t s  a p p e a r i n g  i n  ;::, ,,,. 

' 

. , . : . . . . .  . j .  . . . . . .  . .  . . .  . . . . -  : x. ' . . . .  C . !  . . . a .  
. . . . . -  

. . .  . . .  . . . . . . . . .  f i g u r e  13. . . .  . . _ . . . .  ... * 
,-.".. . . . .  j . ; 3 7  : - ?  ..; , , < . 

5 .  
- :' " " " ' . . . -. : . . .., . P .  . 1 -  . 

: '. .:A ' . . A s  expec t ed ,  t h e  i n t r o d u c t i o n  bf au&l i a ry  on ly  . . 
. . 

f avo rab ly  a l t e r e d  t.10 s p r a y  pa . t t e rn  from t h a t  of t h e  c lo sed ,  .?: .:.: 
. . A :  

. . ..:.. 
conf igu ra . t i on ,  b u t  if hea.ted would a l s o  a i d  i n  t h e  dryir-g p rocecs .  

The d rye r  !:,auld b e ,  however, no th ing  more than a conven t iona l  

s p r a y  d r y e r ,  and nould  r e q u i r e  t h a t  t h e  o f f -gas  system handle  

a much l a r g e r  volume of vapor .  I n  a c lo sed  con f igu ra t i on '  , , , 

small s c a l e  dryer  , on ly  i SCFN O f  a tomiz ing  air and 3 S C i ' M  . 

of water  vapor need t o  be processed.  

. . A Closed Recycle Yas Proposed And Tes ted  - - - -  - 
. . 

The d e s i r a b i l i t y  of 2 c o c u r r e n t  f low of a i r  i s  c l e a r l y  . :  

i n d i c a t e d  by f i g u r e s  12 and 13, I f  t h i s  a i r  i s  n o t  ' t o  i n -  

c r e a s e  t h e  o f f -gas  volume, i t  must bc  i n  t h e  form of a c l o s e d  



V e r t i c a l  D i s t a n c e  From Nozzle ( f t )  

F i g u r e  13. Spray D i s t r i b u t i o n  f o r  S p r a y i n &  S y s t e ~ s  
IIozzlc 1 / &  JJ  1 1 \ l i i  t h  F l u x i l i a r y  Air F l o ~ !  



. . > .. . . . .  t - . ,  ; , i"'. ;.. . . . . . . . . .  , . .. . . . .  . . I . .  ' ! ).* q , . . , . , .  ? : .  . .,.: : . * . . 
. . . . . .  

' r ecyc l e .  A d r y e r  de s ign  sho i~n  ' i n  f i g u r e  . 14, . would f avo r -  ..: . . . .  . 
. 2 . , 

. a b l y  a l t e r  t h e  s p r a y  would no t  i n c r e a s e  t h e  vplume" -. '- : , '  

. . 
. : .  ... . . . . . .  . . . . . . . .  . . 

. . ... - .  . . 
, . .  , 

of vapors  t o  be p roces sed ,  l ~ ~ o u l d  n o t  i n c r e a s e  t he  d ryo r ' l s  . ,. . . 
... . . , . 

. . . . . . . . .  
o v e r a l l  s i z e  s u l s t a n t i a l l y ,  and would n o t  r e q u i r e  a ::: . .  . . . -  . . . ;  . .  . . . . .  . . . . .  . . _ . . . . 

. . .: 
. . I  . i n g  s y s t e m ,  The energy s u p p l i e d  by t h e  spray c o u l d  be , .:..:':::: .. .. ' . . !. . .: . . - . .  

. . . , 

used  t o  d r i v e  t h e  r e c y c l e  i n s t e a d  of be ing  d i s s i p & t e d . b y  c r e a t i n g  . . .  .:>. . . 

damaging tu rbu lence .  The a b i l i t y  of t h e  nozz le  1s spiay' t o  ..,. ....: . . ,:, 
. . . '. . - < ' I  . . . . . . - -  . :> . . 

draw a long  a c o c u r r e n t  flovr of air was prove'n.by i ts  o p e r a -  ' . . . . .  . . . 
! ... .. . . . . . . .  . . : . . .  . . . . . . . .  . . 

, '. 

t i o n  i n  t h o  open c o n f i g u r a t i o n .  ~ c c o r d i n ~ l y ,  three  . . . .  
. . . .  . . .... . . 

b .  . . . . . . . . . . .  , ' .  
r e c y c l e  c o n f i g u r a t i o n s  ( c o n f i  y r a t i o n s  4 ,  5 ,  and 6 o i  . . . .  '.: . . . . . . . . . . .  

. . .  . . .... 
. . 

Appendix 111) were t e s t e d  by drawing  air from t h e  surround-. .  .: 
'. . 

i n g s .  The cor responding  s p r a y  p a t t e r n s  are 'shown i n  f igure  .., ..- . . :. . 
. . . . 

The - D i s t r i b u t i o n  Data Tabula ted 
. . ,  

. . 
. The t o t a l  volume of l i q u i d  s t r i l d n g  t h e  c y l i n d e r ,  can .  ;, ' :  . . . . . .  .... . ( .  .: . . .  . . 

. . 

be determined by numer i ca l l y  i n t e g r a t i n g  t h e  d i s t r i b u t i o n  
. . . . . . .  ... 22 func t ion  .over ' t h e  e n t i r e  surfa .ce  u s i n g  Riemann sums. 

. . .  . . - .  

These vo1.urne.s appear  in TahJ ~1 1. - .  . . . . 
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Figure lhO A N e w  Design. 



1 2 .  3 
V e r t i c a l  D i s l ance  From Noz,zP'e ( f  t) 

F i m r e  15. S p r a y  ~ i s t r i b u t i o n  f o r  Three  R e c y c l e  C o n f i g u r a t i o n s .  
Kozzle 9 /S  JJl 1 vias u s e d .  



Table 1 

Spray .  D i s t r i b u t i o n  Data 

~ v e r a ~ e  Volume 
of L i a u i d  

Conf igu ra t i on  

. . 
From Nozzle To' . .: '  . . . . 

D i s t r i S u t i o n  1s Maxima . . 
. .. ., . (ft) ' - .  ..". 

S t r i k i n g  *surfa.ce 
( p e r c e n t )  ' 

' ~ e l a t i v e  . t o  55: r n l  of feed.' 

2 ~ n c l u d e s  t h e  t o p .  
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'This s t u d y  i n d i c a t e s  t h a t  t h e  d i s t r i b u t i o n  of . l i q u i d  . . . . . .  . . . .  
. . . ,. . . . 

. . _._I , . 
. . . . . . . . .  . . . . .  I .. .... 

s t r i k i n g  t h e  i n t e r i o r  of t h e  t e s t  c y l i n d e r  lJ{a.s independent  . . . . . . .  ..':.'; l....' .: 
. _ <  , . . .  , :.;.. . . .  . . . .  .. ... . . . . ..:. 

. ,  . , . . . .  ,. . : _ . I  . . . . . . . . . . .  . . . . .  of t h e  cho ice  of n o z z l e s  a s  s e l l  as ' t h e  i o z z l e 1 s  two bpera-  ~ : , . : : ~  . . . .  . . .  . 
. . .  , . . . ....... . , , .._ i . . . . : . .  . . . _. ' . . .  t i n g  v a r i a b l e s  ( l i q u i d  flovr r a t e  and nozz le  air .. : : .  , . . 
. . . .  . . . . .  . . . . . .  . . . . . . . .  

It  was, however , a s t r o n g  f u n c t i o n  of t h e  dr'yer 1s configur-: , ; .  . .  . . 
. . . . .;. ' . . . . .  

. . .  . . .  . . .; . . 
, . . :,.. . .  . . 

a t i o n .  A non tu rbu len t  c o c u r r e n t  f low of air do\vn' t h e  ' i r y i n g  , . : .  - .  
. . .  . . .  . . 

: . .  .;.:+. . . - .: .' " . .  - .. ..:. . . . .  . . .  c y l i n d e r  s u f f i c i e n t l y  and f a v o r a b l y  a l t e r e ' d  t h e  . i n t e r n a l  . . . . .  . . .  . . . . . * . . . . .  . . . . .  ._ . , . -. . . . . 
sp ray  d i s t r i b u t i o n .  T h e r e f o r e ,  a new d rye r  de s ign  i n c o r -  : . i .  ,. 

. . . . .. ... . . . . . .  . . . .  ).- . . .  . . .  . . .  .,..,--: 
. . . .  :. . pora ' t ing  such  a flow was developed. . : . . !  y r  ; :. :-. .. . . . + . : . . . . . . . - . . I  . . . .  ..... . .  - 

:: . ' . . . . . . .  : ( 
. . .  - .- " . . ; '  . 

. o  ; , : , . . . . . .  , . * ,:.. ?*, ; ' : .  . . :  . . .  . .;, ' .. 
Two g e n e r a l  methods can be used' t o  i n s u r e  ' t h a t . t h k , '  

I . . 
,>-*-. .'%. 

atomized p a r t i c l e s  d r y  b e f o r e  t hey  c o n t a c t  :the- d G y e A  ivalls j ,  :. ;:, . 
. . * . - .,.. . . 

and the reby  e l i m i n a t e  many of t h e  problems a . s soc ia ted  ,with,- ' . .  , 
. . 

; - .  . . .  ' .  . : . .  . . I - . .  ! ., .__.. '. . . .  
t h e  PNL d r y e r .  E i t h e r  t h e  evapora t i on  r a t e  c a n ' b e  i n c r e & -  ., , 

ed i n  t h e  e x i s t i n g  d e s i g n ,  o r  t h e  d rye r  i t s e l f  can be  . 

. 

. . . . 

modified.  

The evaporation r a t e  i n  t h e  PEL 1abora . tory  s c a l d  dryer  ' .  

can be i n c r e e s e d  by s imply  i n c r e a s i n g  t ho  d ry ing  t empera tu re ,  
. . 

o r  by i n t r o d u c i n g  s n a . l l e r  p a r t i c l e s .  T h i s  i s  shoan n i c e l y  

i n  f i g u r e  4 ,  Eoth of t h e s e  a l t e r n a t i v e s ,  hoviever, ]lave 

s eve re  cornplicntions.  F i r s t ,  t h e  w a l l  temperature  of t h e  

d r y e r  a l r e e d y  spproaches  700' ~ i l s i u s ,  which i s  j u s t  below . . 

t h e  t e n p e r a t u r e  a t  i7ihich i t  begin.s t o  glow, Thus,  h i g h e r  

t empera tures  r.r@uld g r e a t l y  reduce t h e  d r y e r l s  d u r a b i l i t y ,  

i i ex t ,  r e d u c t i o n  of t h e  p a r t i c l e  s i z o  wi thout  r educ ing  t h e  -- - 

l i q u i d  flow r a . t c  would r e q u i r e  c i t h c r  a. trcmcndous c t t ~ m i z  - 



. . . . .. ' i ., ""* .:.. . . . . .  . . 
. " .. ": T '  . 3  , . ' .  I. . . . . " r  . ..: . : . . . . . . . . . . . .  I . 8 , ,  !.. 

; :  . - .  !..-.; ' . 
, . .< .. 

! .: I 9 , - , : I  , . -  . . ... . 
8 .  t * ,  , .I .. . . . . . .  :: .:. 

. . . .  . . . . _ '..'\ ' . . . : I . . . .  . . .  . :. . . .  ing a i r .  f low r a t e  o r  a .  s n a l l e r  o r i f i c e  i n  the '  n o z z l e ' s  . . . . . . . . . .  . . . .  . . .  .... - ,  . . . '. , : 
1 .  . :< :.. ' ' ,  . 

. . . . .  . l i q u i d  &ap. The f ormcr ne thod  would r e q u i r e  .a h igh  air . 
. . ,  . . . . .  . . . . . , , . _.~ . . . . . . .  

p r e s s u r e  and c r e a t e  a 1a.rger volume of o f f -gas ,  whi le  t h e .  ' . , . . .  , 

. . '_: , . . ,. ", . . . .  . . 
23 F i n a l l y ,  .:. _ . 

. l a t t e r  would r e s u l t  i n  s e v e r e  nozz l e  
. . . . " .  . . . . . .  . . . . . . .  . . .  . . . . . . . . . . . . .  

i n c r e a s i n g  t h e  evapora t i on  r a t e  r educes  c o n t r o l  over  the. .  :'. . .;.. . . . '  , . . .  . . . -. . . _ .. . . 
. : . . ,  < . -  

. . . .  . . . .  d r i e d  'p roduc t  1s chemical  and p h y s i c a l  makeup.' . . .  . . . . . . .  i . :. , ' . . . . . . . .  . . . .  : . -  . . .  
,, . - . : . . . .  . . . . . . .  . . . . . . . . . :  

. . . . .  . . .  . . . .  T o  ensu re  s u c c e s s f u l  o p e r a t i o n ,  t h e  PNL des ign  was . . . . .  : . , .  , i . ...... . . . . . .  . . . . . . .  . . .  . . . . ,. ..; : . .  .: 
modified.  . F i r s t ,  i n c r e a s i n g .  t h e  d r y e r  1 s  . d iamete r  i n c r e a s e s  . . .  : . . .  . . . . .  ,..' . : . . .  . . ' .' .,".. 

. . .  . . . :. . . . . . .  t h e  pa th  l e n g t h s  t o  t h e  walls of t h e  d r y e r ,  . and  a l l o w s  .,' . .  .,: . . . . . .  <. ...... '.: . . .  
.... . . . . . . . . .  . . . . . . .  . . f u r t h e r  evapora. t ion.  For t h i s  rea.son,  t h e  i n s i d e  d iamete r  ' , ' .. : .  

. . , .. ' .  :.:. .- . . .  . . . . . .  . . of t h e  planned d r y e r  w a s  i n c r e a s e d  f r o n  a nominal f i v e  . . . . . . . . . .  . . ;: -. . 
. . . . . .  . . * 

. . . . . . .  . . 
, I . .  i n c h e s  t o  e i g h t  i nches .  The f i g u r e  of e i g h t  enches  was " . . . . . . . . 

chosen because i t  f a c i l i t a t e d  t h e  purchase  of m a t e r i a l s  and ' , i  

: . 
allowed f o r  convenient  i n s  t a l l a . t i o n  i n  t h e  Savannah River  . - . . . .  

. . 
Labora.tory 1s High Leve l  Caves. A more a c c u r a t e  determin- 

a t i o n  of t h e  r e q u i r e d  diameter  cou ld  have been made if . 

dry ing  r a t e  d a t a  and p a r t i c l e  s i z e  d j - s t r i b u t i o n  d a t a  were 

a v a i l a b l e .  More i m p o r t a n t l y ,  a c l o s e d  r e c y c l e  was inco rpo r -  

a t ed  i n t o  t h e  des ign  of t h e  l a b o r a t o r y  s c a l e  s p r a y  d r y e r ,  

A r e c y c l e  c o n f i m r a t i o n  s i m i l a r  t o  conf igura . t ion  6 of 

Appendix I11 mas chosen because i t  f avo rab ly  a l t e r s  t h e  

sp ray  d i s t r i b u t i o n ,  a l l ows  f o r  t h e  qu ick  removal of t h e  .. 

. . 
n o z z l e ,  a l l o s s  t h e  nozz le  and i t s  feed  l i n e s  t o  be wa.ter 

cooled i f  extreroe h e a t  causes  c logg ing  a.nd m a t e r i a l  dura-  

b i l i t y  problems,  and i t  i s  l o c a t e d  below t h e  recyc le '  ivinciov/s. 

A s  a  r e s u l t ,  t h e  proposed d r y e r ' s  c o n f i g u r a t i o n  i s  g iven  i n  

f i g u r e  14. 
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- . . .  . ,  . . .: . 
. - . . , . :, . . . I- 

. . ,' . , . . . .  - 
. . .  . . I 

. ,  , . . 
. . . . . . 
. . . .  . . 

..... .... . . .  .. ' ; . . . .  i . . . , . . . . . . . . . . . .  . . . . . . .  . . . . .  . . . . . . .  ,' 
. . .  . . . . . . .  . . . . .  . . .  . . 

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

, . . . . . .  . . 
. . .  , . 

. . . . . .  . . 
- hoiiever, should  be  de$loped t o . , d e t e r m i i e  t h o  d i s t r i b u t i o n  . . 

of s e t  s o l i d s  s t r i k i n g  t h e  s i d e s  'of t h o  o p e r a t i n g  dryer . .  
. . 

: Furthermore ,  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  should  be  . ' , .  . . . . .  . . .  
. . 

determined and r e l a t e d  d r y i n g  rncdels should  be developed.  
, . 

. . . .  ' . . . . . .  . . 

These models,  d e s c r i b i n g  t h e  evapora t ion  of t h e  l i q u i d  . . . . . . 
- .  

: d r o p l e t s ,  bassd  on exper imenta l  s t u d i e s ,  mould prove ' .  ' . . . .  . . 
. . .  . . . . . . . .  ( 

i n v a l u a b l e  i n  t h e  des ign  of t h e  d rye r .  . .  . . .  . . .  . . . .  .. . 
.... . . .  . . .  . . . . _, . . , .  . ,  . . 

. . . . . . . . . ' . . '. . . . ,. : .. :; , 
. . . . .;. . I  . . , ..' : . .' ' 

. . .  ." > . . . . 

. . :. , 

The - ~ n v e s t i ~ a t i o n  s u g g e s t s  - -  A New Drying Scheme , . . . . 

. . . . _ . . .  '. . 
F i n a l l y ,  t h i s  i n v e s t i g a t i o n  h a s  r ' s su l t ed  i n  anr unique  : ! { t ~ ' . :  . 

# .  . . .  . . 
8 ., . . . . .  . . . . . . - ' . . . . . . ! .. 

. . . .  . . L ' "  . . . . . . . .  
d r y i n g  scheme , having  a l l  t h e  ahvantage; o f  spray d r y i n g  

.... . ., . . . . 
without  t h e  c o n v e n t i o n i : ~  i n t r o d u c t i o n  df : a ~ ~ i ~ i & ~  a i r .  .. . . .. ..' I 

. . . .  .... . .  . . r i  : 

The f i r s t  element of this pr6poved scheme , i s  .simply t h a t  . , .. : .  .. . .  
. . . . '  . 'I < ...... -5  .. . . 

t h e  d ry ing  energy i s  t o  be s u p p l i e d  through t h e  - w a l l s  o f "  
. . 

t ho  d ry ing  chanber ,  j u s t  as i n  t h e  PNL des ign .  Any . 

method of a c h i e v i n g  this energy t r a n s f e r  i s  s u f f i c i e n t ,  

The second,  and un ique ,  element of t h i s  proposed d r y i n g  

process  i s  t h e  e s t ab l i shmen t  of a well-behaved f low p a t t e r n  

w i t h i n  t h e  d ry ing  chamber w i thou t  t h e  i n t r o d u c t i o n  of 

a u x i l i a r y  gas ,  The well-behaved p a t t e r n  i s  i n  t h e  form of 

a cocu r r en t  r e c y c l e  produced wi thout  t h e  u s e  of an a u x i l i -  

a r y  pumping system, I n s t e a d ,  t h e  d e s i r e d  c o c u r r e n t  f low of 

gss i s  d r  a s n  a long  by t h e  emina t ing  from any type  o f ,  , 

nozz l e  c r e a t i n g  a c o n i c a l  s p r a y  p a t t e r n ,  such a s  a two 

f l u i d  n ~ z z l e ,  o r  a p r e s s u r e  nozz l e ,  A s  shown, t h e s e  l i q u i d  



. . 

, 
sp rays  are capable  of dravcing a long  a s u b s t a n t i a l  c o c u r r e n t . ' :  '.:-.. . . 

. . . . . . .  . . 

f low,  whlch g r e a t l y  i n f l u e n c e s  . t h e  i n t e r n a l  sp ray   att tern. ' ."- . ,':., , . . . . .  
. I . . . . .  . , !  ' :  

. . 1. . 
' 2 .  . " .; . . . .  

There a r e  many advantages  of t h e  d ry ing  'scheme . ,  ..' . . .: . . . . .  . : . : .. . .  , . 
. , ... . . .  . . , .. _. ' .I ..; . . 

.. ... . . ..; "1 : ,&. . - . . .  . . '.. 1 . - .  ' . .  . . . 
. . .  . . . .  . ' descr ibed  above, . Some fol low:  . . . .  . . .  . . . . .  . . .  . . .  . ,: :... ..... . . : . . . . . . . . . . . .  . . . . .  . .  4 

. . . . . .  , - .  .-. .:. " '. . . _\. . .:i . . . . . .  
- 1 . 1t h a s  a l l  t h e  advantages  ' o f  convent iona l  . ; . - .  . . .  . . . .  .. . , . . .  ., .- _ . . . . . . . . . .  , . 

. . .  s p r a y  drying.  . . . . . ... . ' _ *  . - . . . . .  t .  ,:: . .  ; .  . . . . . .  . ;  . . .  . . . . . . .  . , . . 
. ,  . 

. . . . .  2 Any type  of h e a t i n g  energy capable  of be ing  . .  ".. . I . .  . . . 
.I ' 

. . .  . , 
. . .  . t r a n s m i t t e d  through the  ~ ~ 1 a . 1 1 ~  of t he  d ry ing  1 . . . . . . - .  . . . . . . . .  . . . . . . .  . . chanber can  be used. . . . . . . . . . . . . . . .  ... . . 

J e  The p i p i n g  sys t em c a r r y i n g  t h e  d ry ing  g a s  , , ..,' ,;:. . . _ . .  . 
9 . .;. " . .. h a s  been e, l iminated , . the reby  .r'educ&ng t h e  ':; : . . - .  ? :  .: -. .... 

, .' . . * ,- ; . f  :, 
' . ' I ' , : "  ' ' . . .  drye r  s size: 'and h e a t  , l o s s  ,. ,. : ::,: : . . .- . . . .  t ,  < . . .  9 .  , . . .  , .... .  1 : ,  , 

, r :  :; . ' 
. . -  .- : .. r " . . I.. . . .  , . . . 

4. The r e q u i r e d  cocu r ren t  f low of gas  i s  d r i v e n  * .  
, . . . 

: s o l e l y  by the -  e f f e c t s  o f '  .the no:zzle and - . - . -  a 
. . . . .  .... . . -  

.\ ._.. .; k". . r e q u i r e s  no pumping system::'. 3 .  . , 

. 1 . ._ 
5 .  The ael l -behaved sp ray  pa . t t e rn . a l l@~!s  t h e  : , ... - .  ..: d . , ': ' .' ' 

-: s i z e  of t h e  d ry ing  'chamber t o  be  kep t  t o  . . . . .  . . .  
a minimum, , . 

. . \ .  
. . . .  . . 

. . . . . . 

, . The f a c t  t h a t  a well-behaved spray p a t t e r n  can be :-. 

produced wi thout  t h e  i n t r o d u c t i o n  of an a u x i l i a r y  g a s  f l ow,  
. . .  .. - . . . 

h a s  l e d  n o t  only t o  a modif ied des ign  f o r  t h e  Savannah 
, ' . .  

River Labora to ry t s  small s c a l e  s p r a y  d r y e r ,  bu t  t o  an unique  
. . 

dry ing  scheme which o f f e r s  a l l  t h e  advantages  bf s p r a y  dry- ' :: 

i n g  wi thout  posses s ing  ntmy of i t s  l i m i t a t i o n s .  
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APPENDIX I 
. . 

Nozzle S p e c i f i c a . t i o n s  - - . . -. - . . 

Three t n o - f l u i d  a tomiz ing  n o z z l e s  produced by t h e  Spray- 

i n g  Systems Conpany were t e s t e d ,  .These n o z z l e s  were chosen 

f o r  t h e i r  narrow c o n i c a l  s p r a y  p a t t e r n s ,  f i n e  a tomiz ing  prop- 

e r t i e s ,  and a p p r o p r i a t e  f low r m g s s .  24 The expected mean par -  
' 

' t i c l e  d i a n e t e r  f o r  t h e s e  n o z z l e s  i s  l e s s  t han  60 microns.  25 

T h e ~ e  n o z z l e s ,  po r t r ayed  i n  f i g u r e  3 ,  have t h e  fol lorving 

s p e c i f i c a t i o n s  : 26 

Table  2 
. . 

Nozzle.  Data . . ' . .. . . .  
. . '  : 

Liquid  Liqu id  A i r  Cap . Air. Cap 
O r i f i c e  Cap Tip  . . I n l e t  . . O u t i e t  . . . 

Spray Diameter -.  Diameter ' Diameter Diameter . . . 
S e t  Up ( i n . )  ( in. , )  ( i n , )  (in.) : 

- 1 

1 /85J11 ,020 ,050 .067 047 
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Flow 

Slurry 
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Plexiglas 

Configuration 1 

Configuration 2 

Figure 1. Test Configurations 1 and 2. 

( 1 ) Open Configuration. 

(2) Closed, PNL type Configuration. 

Scale: f inch " 2' inches 



Figure  2 .  Configuration 3. 
1 i n c h  " 5 I n c h e s  



Figure 3. ~onflguration '4. 

Actua l  S i z e  
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F igure  4,. Configuration 5. 
Actua l  S i z e  
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Actua l  S i z e  




