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The influence of stretch and preferential diffusion on premixed flame 

extinction and stability have been investigated via two model flame 

configurations, namely the stagnation flame and the bunsen flame. The results 

are separately summarized in the following. 

( 1 )  Extinction and Stability of Stretched Premixed Flames in the Stagnation 

Flow 

Using a counterflow burner and a stagnation flow burner with a 

water-cooled wall, the effect of downstream heat loss on the extinction 

of a stretched premixed flame has been systematically investigated for 

lean and rich propane/air and methane/air mixtures. Based on results of 

the concentration limits and flame separation distances at extinction, it 

is demonstrated that, in accordance with theoretical predictions, extinc- 

tion by stretch alone is possible only when the deficient reactant is the 

less mobile one. When it is the more mobile one, downstream heat loss or 

incomplete reaction is also needed to achieve extinction. A variety of 

unstable flame configurations have been observed; the mechanisms for 

their generation and sustenance are discussed. 

(2 )  Opening of Premixed Bunsen Flame Tips 

The local extinction of bunsen flame tips and edges of hydrocarbon/ 

air premixtures has been experimentally investigated using a variety of 

burners. Results show that, while for both rich propane/air and butane/ 

air mixtures tip opening occurs at a constant fuel equivalence ratio of 

1.44 and is therefore independent of the intensity, uniformity, and 

configuration of the approach flow, for rich methane/air flames burning 



is intensified at the tip and therefore opening is not possible. These 

results substantiate the concept and dominance of the diffusional strati- 

fication mechanism in causing extinction, and clarify the theoretical 

predictions on the possible opening of two-dimensional flame wedges. 
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O B J E C T I V E S  

@ T O  STUDY E F F E C T S  O F  

1. PREFERENTIAL D I F F U S I O N  ( L e # l )  

2. AERODYNAMIC STRETCHING (FLOW NON-UNIFOWIITY , 

UNSTEADINESS, AND FLAME CURVATURE) 

3. UOWNSTREAM HEAT LOSS 

.ON 

A. FIAME E X T I N C T I O N  

B. F LAEIE-FRONT INSTAB I L I T Y  

METHO DOLOGY 

1. PKEFERENTIAL D I F F U S I O N  E F F E C T S  S T U D I E D  BY U S I N G  

METHANEIAIR PROPANE/AIR 

LEAN L e < l  L e > l  

R I C H  L e > l  Le < 1 

2. AERODYNAMIC STRETCHING S T U D I E D  BY USING STAGNATION 

FLOW WHICH HAS WELL-DEFINED VELOCITY GRADIENT 

3. DOWNSTREAM HEAT LDSS S T U D I E D  BY USING 

(a) STAGNATION .FLOW WiTH WATER-COOLEE SURFACE 

( b) SYMMETRICAL COUNTERFLOW 
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STAGNATION SURFACE 
/ / / / / / / , / / / / . / /  / / / / / / / , /  / ,  

Control Volume 
Mass Diffusion 

S c h e m a t i c  of Stagnat ion-Point  F l o w  I l l u s t r a t i n g  t h e  

D i r e c t i o n s  of H e a t  and m a s s  D i f f u s i o n .  

E X T I N C T I O N  MECHANISMS 

Le > 1 F l a m e s  

1. STRETCH ALONE CAN CAUSE EXTINCTION;  DOWNSTREAM HEAT LDSS 

M I N I M A L  E F F E C T  

2. INCREASING STRETCH DECREASES F IAPIE TEMPERATURE 

3. AT EXTINCTION,  FLAME LOCATEC AWAY FROM STAGNATION SURFACE 

4. AT E X T I N C T I O N ,  D E F I C I E N T  REACTAM' COMPLETELY CONSUMED 

Ze < 1 F l a m e s  

1. INCREASING STRETCH INCREASES FLAME TEMPERATURE, THEREFORE 

STRETCH ALONE CANNOT CAUSE E X T I N C T I O N  

2. E X T I N C T I O N  CAN BE ACHIEVED THROUGH 

(a) DOWNSTREAM HEAT LOSS,  WITH FLUE AWAY FROM WALL 

(b )  INCOMPLETE COMBUSTION WITH FLAME AT WALL 
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Various Flame Configurations for Propane/Air Mixtures 
in the Stagnation-Point Flow (See Publication No. b) 



Various Flame Configurations for PropaneIAir Mixtures 
in the Stagnation-Point Flow (See Publication No. b) 



Flame Separatedness at Extinction in the Counterflow Geometry. 
(a) Lean MethaneIAir, (b) Rich MethaneIAir, (c) Lean Propane/Air, 
(d) Rich Propane/Air (See Publication No. e) 



~ethanefAir L =  15 rnm 
V = l O  cm/sec 

EXTINCTION LIMIT 

L =  15 mm 
V = 10 cm/sec 

EXTINCTION LIMIT 

Loca t ion  o f  t h e  Binary  Flames I l l u s t r a t i n g  Flame Separa tedness  a t  E x t i n c t i o n  



LEAN ~ 3 ~ 4  

/- I RICH CH. 
RICH C3H8 

0.5 I I I I I I I 1  

R a t i o  of  t h e  E x t i n c t i o n  Concen t ra t ion  L i m i t s  w i t h  and w i t h o u t  
Downstream Heat Loss 

- - 

% Methane % Propane 
Author Method Defini t ion 

Lean Rich Lean Rich 

Zabetakis Propagating flame ( tube)  Extinct ion 5.0 15.0 2 . 1  9.5 

Andrevs and Bradley Propagating flame ( v e s s e l )  Ext inct ion 4.5 15.5 - - 
Egerton and Thabet F l a t  flame Burning ve loc i ty  5 .1  - 2.01 - 
Sorenson, Savage. 
and Strehlow Tent flame Cone angle 

Yamaoka and Tsuj i Double flame F lameloca t ion  4.7 15.3 - - 
Ishizuka and Law Binary flame Extinct ion '4.8 15.8 2.0 9.7 

Comparison o f  t h e  Flammabi l i ty  L i m i t s  o f  ~ e t h a n e / A i r  and p r o p a n e / ~ i r  
Mixtures  Determined by D i f f e r e n t  Methods 



(a) (b) 

Schemat i c  o f  Closed  and Open Bunsen Flame T i p s  

Set-Up o f  t h e  Bunsen Flame Exper iment  
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Tip Intensification of Rich MethaneIAir Bunsen Flame with 
Increasing Methane Concentration (See Publication NO. c) 



Tip Opening of Rich Propane1Ai.r Bunsen Flame with Increasing 
Propane Concentration (See Publication No. c )  



T U B E  N O Z Z L E  

F u e l  C o n c e n t r a t i o n s  a t  T i p  Opening a s  Funct ion o f  Flow V e l o c i t y  f o r  a  V a r i e t y ' o f  Burners  




