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A b s trac t : T h e  sy n e rg is t ic  e f fe c t  o f  e th y le n e /p ro p a n e  m ix tu re  o n  so o t  fo rm a tio n  is  s tu d ie d  e x p e r im e n ta lly  u s in g  a  
c o n c e n tr ic  c o - f lo w  d if fu s io n  b u rn e r , w h ic h  p ro v id e s  th e  s t ra ti f ie d  fu e l  m ix tu re .  T h e  s o o t v o lu m e  f ra c tio n , so o t  p a r t ic le  
d ia m e te r , n u m b e r  d e n s i ty  a n d  P A H  c o n c e n tra tio n s  a re  m e a su re d  w ith  v a r io u s  fu e l  s u p p ly  c o n f ig u ra t io n s  a n d  c o m p a re d  
to  th e  h o m o g e n e o u s ly  m ix e d  c a s e . W h e n  p ro p a n e  is  s u p p lie d  th ro u g h  th e  in n e r  n o z z le ,  a n  in c re a se  o f  so o t  fo rm a tio n  is  
o b s e rv e d .  H o w e v e r ,  w h e n  p ro p a n e  is  s u p p lie d  th ro u g h  th e  o u te r  n o z z le , a  d e c re a se  is  o b se rv e d . T h e  re a c t io n  p a th  o f  
P A H ’s  fo rm e d  f ro m  th e  p y ro ly s is  p ro c e s s  o f  p ro p a n e  is  l ik e ly  to  b e  re sp o n s ib le  to  th e  o b se rv e d  d if fe re n c e s .  W h e n  
p ro p a n e  is  su p p lie d  th ro u g h  th e  o u te r  n o z z le , P A H ’s  a re  fo rm e d  in  th e  re la t iv e ly  n e a r  o x id a tio n  re g io n  a n d  e x p o se d  to  
th e  o x id iz a tio n  e n v iro n m e n t;  o n  th e  o th e r  h a n d , w h e n  p ro p a n e  is  s u p p lie d  th ro u g h  th e  in n e r  n o z z le , P A H ’s  a re  n o t  
l ik e ly  to  b e  o x id iz e d  a n d  th u s  g e t  in v o lv e d  in  s o o t fo rm a tio n  p ro c e s s . T h e  sy n e rg is t ic  e f fe c t  in  e th y le n e /p ro p a n e  
d if fu s io n  f la m e s  is  fo u n d  to  b e  a f fe c te d  n o t o n ly  b y  th e  c o m p o s it io n  o f  th e  m ix tu re  b u t a lso  b y  th e  w a y  o f  m ix in g .
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Photo. 1 Concentric co-flow nozzle

Fig. 1 Experimental set-up
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Fig. 2 Concentric co-flow  flame
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Fig. 3 Maximum integrated soot volume fractions in ethylene/ 
propane flames
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Table 1 Experimental conditions

C a s e
In n e r  n o z z le

( s c c /s )
O u te r  n o z z le

( s c c /s )

1 C 2 H 4 ( 1 .8 ) C 3 H 8 ( 0 .8 )

2 C 2 H 4 ( 2 .7 ) C 3 H 8 ( 0 .2 )

3 C 3 H 8 ( 0 .8 ) C 2 H 4 ( 1 .8 )

4 C 3 H 8 ( 0 .2 ) C 2 H 4 ( 2 .7 )

5 C 2 H 4 (3 .0 )

6 C 2 H 4 ( 2 .7 )+ C 3 H 8 (0 .2 )

7 C 2 H 4 ( 1 .8 )+ C 3 H 8 (0 .8 )

8 C 3 H 8 (2 .0 )

F ig . 4  =  0 .1  (C 2H 4 (2 .7 )  +  

C 3 H 8(0 .2 ) )

( lin e -o f-s ig h t)
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. 
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Fig. 4 Integrated soot volume fractions of ethylene/ propane 
mixture flames (cases 2, 4, 5, 6 and 8)
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Fig. 5 Integrated soot volume fractions of ethylene/ propane 
mixture flames (cases 1, 3, 5, 7 and 8)
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Fig. 6 Radial soot volume fraction profiles of ethylene and 
ethylene/propane mixture flames at flame height of 15 
mm

Fig. 7 Radial soot volume fraction profiles of ethylene and 
ethylene/propane mixture flames at flame height of 25 
mm
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Fig. 8 Radial profiles of PAH fluorescence signals of 
ethylene and ethylene/propane mixture flames at 15 
mm flame height
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Fig. 9 The concepts of PAH formation in ethylene/ propane 
diffusion flames of case 2 (left) and case 4 (right)
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Fig. 10 Radial distribution of ethylene and ethylene/propane 
mixture flames at flame height of 25 mm
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Fig. 11 Soot volume fraction, soot particle size (D30), and 
number density obtained at the radial position of 
maximum soot volume fractions at 15 mm flame 
height

Fig. 12 Soot volume fraction, soot particle size (D30), and 
number density obtained at the radial position of 
maximum soot volume fractions at 25 mm flame 
height
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Fig. 13 Soot volume fraction, soot particle size (D30), and 
number density obtained at the radial position of 
maximum soot volume fractions at 35 mm flame 
height
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