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The combustion of l i q u i d  sp rays  r e p r e s e n t s  an extremely important  

c l a s s  of combustion processes .  I n  t h e  t r a n s i t i o n  reg ion ,  encompassing 

d r o p l e t  s i z e s  i n  t h e  range of 25-80 pm diameter ,  t h e  mixing and evap- 

o r a t i o n  processes  a r e  both  incomplete a t  t h e  flame f r o n t  and burning 

occurs  i n  a combined d i f f u s i v e  and premixed fashion.  Under t h e s e  condi- 

t i o n s ,  t he  r e l a t i v e  importance of heterogeneous and homogeneous e f f e c t s  

i n  dominating t h e  combustion process  i s  switched and g ives  rise t o  a 

number of i n t e r e s t i n g  phenomena. For example, maxima i n  burning velo- 

c i t y ,  extended f lammabil i ty  l i m i t s ,  minima i n  i g n i t i o n  energy, and 

minima i n  NO emissions have a l l  been observed and repor ted .  However, 
X 

t h e  a c t u a l  mechanism and important  phys i ca l  processes  c o n t r o l l i n g  t h e  

anomalous NOx behavior  i n  such systems a r e  n o t  c l e a r  a t  t h i s  t ime and 

need t o  be explored. 

Consequently, i n  November 1979, a s tudy  of NO formation i n  mono- 
X 

d i s p e r s e  spray  combustion was i n i t i a t e d  w i t h  t h e  fol lowing s p e c i f i c  

ob jec t ives :  

1 )  To q u a n t i t a t i v e l y  determine t h e  e f f e c t  of d r o p l e t  s i z e ,  number 

d e n s i t y ,  e t c .  on NO formation i n  monodisperse f u e l  sp ray  com- 
X 

bus t ion ;  and 

2) To i s o l a t e  t h e  important  phys i ca l  and chemical phenomena i n  NOx 

formation i n  t hese  combustion systems. 

The experimental  f a c i l i t y  developed f o r  t h i s  s tudy  has  been improved 

a t  d i f f e r e n t  s t ages .  I n  i t s  cu r ren t  con f igu ra t ion  t h e - s e t  up c o n s i s t s  of 

a Berglund-Liu Vib ra t ing  O r i f i c e  Monodisperse Aerosol Generator which 

produces monosized d r o p l e t s  w i t h i n  1% of t h e  mean d r o p l e t  diameter.  The 

spray  of d r o p l e t s  i s  d i spe r sed ,  d i l u t e d  and burned i n  a one dimensional 

f l ame , s t ab i l i zed  on a water  cooled sc reen  flame holder .  The flame is  

surrounded by a long pyrex tube  t o  avoid o u t s i d e  a i r  entrainment .  A 

combination gas sampling/thermocouple probe i s  used f o r  NOx concen t r a t ion  

and temperature measurements. 



Measurements have been made over t h e  monodisperse ope ra t ing  range of 

t h e  system encompassing d r o p l e t  diameters  from 36 t o  70 urn and equivalence 

r a t i o s  from 0.8 t o  1.2. Radia l  p r o f i l e s  confirm t h e  one d imens ional i ty  of 

t h e  combustion system. Prevaporized and premixed condi t ions  were examined, 

as w e l l ,  t o  g ive  t h e  s m a l l  d r o p l e t  s i z e  l i m i t .  D i f f e r e n t  hydrocarbon f u e l s  

such a s  i sopropanol ,  methanol, n-heptane, n-octane, and i sopc tane  have been 

used f o r  d e t a i l e d  experimental  measurements. 

The experimental  r e s u l t s  i n d i c a t e  t h a t  bo th  NO and NOx decrease  wi th  

decreas ing  d r o p l e t  diameter  i n  t h e  spray ,  reaching a minimum around 48- 

58 um f o r  t h e  f u e l s  t e s t e d ,  and then  inc rease  aga in  t o  a f a i r l y  cons t an t  

va lue  wi th  f u r t h e r  decrease  i n  d r o p l e t  diameter.  The apparent  behavior  

i s  due t o  increased  d r o p l e t  i n t e r a c t i o n s  as d r o p l e t  s i z e  is  reduced, 

causing a l o c a l  oxygen dep le t ion  around burning d r o p l e t s  which r e s u l t s  

i n  a subsequent reduct ion  i n  flame temperature and NOx. Fu r the r  reduc- 

t i o n  i n  d r o p l e t  diameter  i nc reases  NOx, u l t i m a t e l y  reaching t h e  cons tan t  

premixed value.  

A s h i f t  i n  NOx minima w a s  observed f o r  t h e  f u e l s  t e s t e d ;  t h e s e  s h i f t s  

were c o n s i s t e n t  w i th  d i f f e r e n c e s  i n  t h e  computed evapora t ion  parameters.  

Ca lcu la t ions  ind ica t ed  t h a t ,  r e l a t i v e  to . isopropano1,  f u e l s  wi th  a h ighe r  

evapora t ion  r a t i o  such as methanol r e q u i r e  l a r g e r  d r o p l e t s  i n i t i a l l y  t o  

produce t h e  same l e v e l  of prevaporat ion.  On t h e  o t h e r  hand, n-octane and 

n-heptane, wi th  a lower evaporat ion r a t i o ,  achieve t h e  same degree of pre- 

vapor i za t ion  a t  smaller i n i t i a l  d r o p l e t  s i z e s .  

The e x t e n t  of prevapor iza t ion  and its e f f e c t s  on NOx formation was 

f u r t h e r  examined by prehea t ing  t h e  a i r ,  r e s u l t i n g  i n  enhanced evapora t ion  

of d rop le t s .  A s  expected,  wi th  more f u e l  i n  t h e  vapor  form, t h e  minimum 

NOx p o i n t  w a s  s h i f t e d  towards l a r g e r  i n i t i a l  d r o p l e t  s i z e s .  

Multicomponent f u e l  s t u d i e s  and s y n t h e t i c  o x i d i z e r  experiments a r e  

c u r r e n t l y  underway i n  o rde r  t o  f u r t h e r  e l u c i d a t e  and quan t i fy  t h e  impor- 

tant  processes .  
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To Gas Analyzers 
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Com~uted Fue 1 E v a ~ o r  a t  i on Parameters 

Evapora t i on Evapor a t i on 
Fue l Mass Transfer Constant Mass Rat i o 

Number, B ~x10-~(crn'/sec) W /U 
Fwl h ~ o p m o l  

Isopr opano l 0.197 0.445 1 -000 

N-Oc t ane 0.017 0.048 0.079 

N-Hep t ane 0.089 0.243 0.787 

Met hano l 0.482 0.963 3.608 

Relat ive Droplet Evaporation Effects 

I n i t i a l  Final Relative 
Fue l Diameter, pm Diameter, pm 

Isopr opano l 5 0 49.0 

N-Oc t ane 50 49.9 

N-Hep t one 5 0 49.6 

-Met hano l 5 0 46.3 
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Summary of Resu l t s and Conc I us i ons 

Significant Effects of Droplet Diameter on 
NOx Formation, With a Minimum NOx Operating 
Cond i t i on Independent of. Aerodynam i c and 
Mixing Effects 

This Anomalous NOx Behavior i s  Due to The 
Transi t i on From D i f f u s  i ve to Pren i xed type 
of Burning 

Shifts in NOx Minimum Point are Consistent 
ll i th The Phyoi ca l Proper t i es and Evaporat i on 
Characteristics o f  The Fuels 




