
C o p y r ig h t 2 0 0 5 K S A E
1 2 2 5 - 6 3 8 2 / 2 0 0 5 / 0 7 4 - 2 4

T r a ns a c tio ns  o f K SA E , V o l. 1 3 , N o . 2 , p p .1 7 0 -1 7 7  (2 0 0 5 )

1 7 0

N o m e n c lature 1 )

u     :  m e a n  n o z z le  v e lo c ity , m /s

����:  e q u iv a le n c e  ra tio

1 . 

.  (

*T o  w h o m  c o r r e s p o n d e n c e  s h o u ld  b e  a d d re s s e d .
w le e @ d k u .e d u

)

, 

C O 2 N O x  

.1 ) 

.2 ) 

( s tra tif ic a tio n )  

.3 -5 ) 

/
* 1 ) 2 )

1) 2)

A Study on the Stability of Rich/Lean Methane Premixed Flame

Wonnam Lee*1) Dongkyu Seo2)

1)Department of Mechanical Engineering, Dankook University, Seoul 140-714, Korea
2)Graduate School, Dankook University, Seoul 140-714, Korea
(Received 7 December 2004 / Accepted 31 December 2004)

A b s trac t : T h e  fu e l- le a n  p re m ix e d  f la m e  h a s  b e e n  c o n s id e re d  o n e  o f  th e  m o s t e f f ic ie n t w a y s  to  re d u c e  N O x  e m is s io n  
d u r in g  a  c o m b u s t io n  p ro c e s s . H o w e v e r , i t  is  d if f ic u l t  to  a c h ie v e  s ta b le  fu e l- le a n  p re m ix e d  f la m e s  o v e r  th e  w id e  ra n g e  o f  
e q u iv a le n c e  ra tio s :  th e re fo re , th e  a p p l ic a tio n  o f  fu e l- le a n  f la m e s  to  a  p ra c tic a l  c o m b u s t io n  sy s te m  is  ra th e r  l im ite d . In  
th is  s tu d y , th e  s ta b il i ty  c h a ra c te r is t ic s  o f  fu e l- le a n  f la m e s  s ta b il iz e d  b y  fu e l- r ic h  f la m e s  a re  in v e s tig a te d  e x p e r im e n ta l ly  
u s in g  a  s lo t  b u rn e r  a s  a  p a r t  o f  th e  b a s ic  re se a rc h  fo r  p ra c tic a l  a p p lic a t io n  s u c h  a s  le a n  b u rn  e n g in e s . S p o n ta n e o u s  
e m is s io n  o f  ra d ic a l  s p e c ie s  w e re  e x a m in e d  to  u n d e rs ta n d  th e  s ta b il i ty  m e c h a n is m s  o f  r ic h - le a n  p re m ix e d  f la m e s .  T h e  
p re se n c e  o f  fu e l- r ic h  f la m e s  c o u ld  s ig n if ic a n tly  lo w e r  th e  le a n  l im it  o f  fu e l- le a n  f la m e s . T h e  s ta b il i ty  o f  a  fu e l- le a n  
f la m e  is  e n h a n c e d  w ith  th e  in c re a s e  o f  fu e l  f lo w  ra te  in  a  fu e l- r ic h  f la m e ; h o w e v e r ,  i t  is  n o t s e n s i t iv e  to  th e  e q u iv a le n c e  
ra t io  o f  fu e l- r ic h  f la m e s  in  th e  ra n g e  o f  1 .2 -2 .4 . T h e  m e c h a n ism s  o f  s ta b le  r ic h - le a n  p re m ix e d  f la m e s  c o u ld  b e  
u n d e rs to o d  b a se d  o n  th e  c h a ra c te r is t ic s  o f  t r ip le  f la m e .
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Fig. 1 Schematic of slot burner

Photo. 1 Inside view of the slot burner

Photo. 2 Slot burner nozzle assembly
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Fig. 2 2-D flame on the slot burner
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Fig. 3 Flames with flame-tip-closed and open
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Fig. 4 Lean limits of fuel-lean flames with various equi-
valence ratios of outer flame
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Fig. 5 Overall equivalence ratios at the lean limit of fuel-lean 
flames with various equivalence ratios of outer flame
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Fig. 6 Lean limit of fuel-lean flames with fuel-rich flames of 
propane and methane
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Fig. 7 Lean limit of methane, ethylene and propane fuel-lean 
flames
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Fig. 9 Effect of fuel flow rate of fuel-rich flames
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Fig. 10 Effect of equivalent ratio in fuel-rich flames
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Photo. 3 Rich-lean flame and lean-lean flame
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Fig. 11 C2 spontaneous emission images for rich-lean flame 
and lean-lean flame 
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Fig. 12 The structure of rich-lean flame and lean-lean flame
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