
EFFECT OF FUEL MOLECULAR STRUCTURE ON SOOT FORMATION 

IN GAS TURBINE COMBUSTION* 

D. W. Naegeli and C .  A. Moses 
Southwest Research I n s t i t u t e  

A number of s t u d i e s  have shown t h a t  f o r  gas tu rb ine  combustors hydrogen 
content is  a s t ronger  c o r r e l a t i n g  parameter f o r  flame r a d i a t i o n  than t h e  
more t r a d i t i o n a l  p rope r t i e s  of aromatic content o r  smoke point,  e spec ia l ly  
when t h e  f u e l s  conta in  s i g n i f i c a n t  concentration of hydrocarbons o the r  than 
pa ra f f in s  and akyl-benzenes. The authors have shown t h a t  f o r  l i g h t  and 
middle d i s t i l l a t e  f u e l s  v i s c o s i t y  and end poin t  do not  a f f e c t  the  cor re la -  
t i on ,  leading t o  t h e  conclusion t h a t  soo t  formation is pr imar i ly  due t o  gas 
phase r eac t ions  r a t h e r  than l i q u i d  phase p y r o l y s i s . -  Some per turba t ions  i n  
t h e  da t a  suggest, however, t h a t  t h e r e  are secondary e f f e c t s  due t o  hydro- 
carbon s t ruc tu re .  

The purpose of t h i s  s tudy  i s  t o  i n d i c a t e  under what conditions and t o  
what ex ten t  f u e l  v a r i a t i o n s  a t  t he  same hydrogen content w i l l  a f f e c t s o o t f o r -  
mation i n  a gas tu rb ine  combustor. 
bus to r  over a matrix of  about 50 test  conditions with test conditions ranging 
over 500-1800 kPa (5-18 atm) pressure  and 500-1000 K burner i n l e t  tempera- 
tu re ;  fue l - a i r  r a t i o s  w e r e  var ied  from 0.008-0.024. Flape r a d i a t i o n  measure- 
ments w e r e  made through a sapphire window toward t h e  end of t h e  primary zone. 
The hydrogen content of t h e  s i x  test f u e l s  ranged from 12.80 t o  12.88%. Five 
f u e l s  emphasized d i f f e r e n t  hydrocarbon types: aromatics (mono-, di-, and 
t r i - c y c l i c ) ,  naphthenes (decalin) and p a r t i a l l y  hydrogenated aromatics 
( t e t r a l i n ) ;  t h e  s i x t h  f u e l  emphasized f i n a l  bo i l i ng  point.  

S i x  fue l s  were burned i n  a research c o w  

Because of t h e  l a r g e  number of operating conditions,  t h e  d a t a  presen- 
t a t i o n  has been s impl i f ied  by f i r s t  normalizing t h e  flame rad ia t ion  t o  t h a t  
of a low aromatic J e t - A  f u e l  a t  t h e  same operating condition. 
cons i s t en t  trend among t h e  f u e l s  t h a t  those with t h e  unsaturated polycyclic 
r ing  compounds produced higher flame rad ia t ion .  
were then averaged over a l l  t h e  operating conditions t o  produce a "radiation- 
index-R" f o r  each fue l .  Corre la t ions  w e r e  then made between t h i s  index and 
var ious  f u e l  proper t ies .  The c o r r e l a t i o n  with t h e  smoke po in t s  of t h e  f u e l s  
w a s  su rp r i s ing ly  good, r 2  = 0.94; while aromatic content and t o t a l  aromatic- 
r i n g  carbon were poor c o r r e l a t i n g  parameters, r 2  = 0.49 and 0.64 respec t ive ly ;  
and obviously hydrogen content would not be good s ince  a l l  f u e l s  had essen- 
t i a l l y  t h e  same hydrogen content. 

This showed a 

The r e s u l t s  f o r  each f u e l  

* 
This work was supported by the  Fuels Technology Branch of NASA L e w i s  

Research Center, Cleveland, Ohio. 

147 



Fuels 1 and 2 with alkyl-benzenes and deca l in  had e s s e n t i a l l y  t h e  same 
flame rad ia t ion ,  confirming a hydrogen c o r r e l a t i o n  i n  agreement with e a r l i e r  
work. The f u e l s  with naphthalenes, t e t r a l i n ,  and anthracene produced higher 
r a d i a t i o n  levels. For t h e  f u e l s  with naphthalenes and anthracene t h i s  
increase  i n  r a d i a t i o n  above t h e  hydrogen co r re l a t ion ,  AR, corre la ted  w e l l  
with t h e  percent of carbon t h a t  w a s  t i e d  up i n  t h e  polycyclic aromatic rings.  
The f u e l  with t e t r a l i n  produced r a d i a t i o n  somewhere i n  between t h a t  of 
naphthalene and deca l in ,  which i s  no t  su rp r i s ing  s ince  i t s  s t r u c t u r e  contains 
one sa tu ra t ed  and one unsaturated r ing .  

The presence of about 20% polycyclic r ing  carbon is  equivalent t o  a 
reduction i n  hydrogen content of a l i t t l e  over 1%. 
rad ia t ion  t o  t h e  polycyclic aromatic cont r ibu t ion  decreased as burner i n l e t  
pressure and as f u e l / a i r  r a t i o  increased; i n l e t  air  temperature had no 
apparent e f f e c t .  

The s e n s i t i v i t y  of flame 
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Correlation of Radiation 
Index with Smoke Point 
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Correlation of Radiation-Index 
with Total Ring Carbon 
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Correlation of the Deviation CAR) in 
Radiation-Index From Hydrogen-Content- 
Correlation With Polycyclic Ring 
Carbon 
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TYPICAL SYNCRUDE 
AROMATICS 
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