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Premixed	flame	instabili2es	in	a	Hele-Shaw	
burner	(thickness	4.7	mm)	
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•  Joulin	and	Sivashinsky	CST	(1994)	
•  Sharif	Abid	Ronney		(1999)	
•  Kang	Baek	and	Im	CTM	(2006)	
•  Recent	works	



Flame	propaga2on	in	a	Hele-Shaw	cell	



Flame	propaga2on	(methane	φ=0.88)	

•  Central	igni2on:	small	slopes	
•  Lateral	igni2on:	large	slopes	
•  Same	proper2es	in	3D:	Almarcha	Denet	

Quinard	



Sivashinsky	equa2on	
•  Small	expansion	development,	several	orders	
•  Sivashinsky	77,	Sivashinsky	Clavin	87,	Kazakov	2005	

Joulin	Cambray	92	
•  Small	slopes	
•  Non	dimensional	form:	one	parameter,	inverse	of	

the	number	of	unstable	modes	



Sivashinsky	equa2on	:	pole	solu2ons	

•  Poles	in	complex	conjugate	pairs	
•  Differen2al	equa2ons	for	the	posi2on	of	poles	in	

the	complex	plane	



Pole	dynamics	



2D	Bunsen	flame	at	the	top	of	the	cell	+	
forcing	plate	



Amplitude	vs	2me:	growth	rate	measurement	
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λ=20mm (forcing wavelength)

λ=15mm (most unstable)



Dispersion	rela2on:		propane	φ=0.8	
parameters	σM		kc			



Prin2ng	of	perturba2ons	on	the	flame	
•  Laser	cubng	:	pole	solu2on	for	the	shape	

of	the	forcing	plate	



Forcing	an	ini2al	condi2on	
•  Crests	correspond	to	the	forcing	plate	



Forcing	an	ini2al	condi2on	



d2	law		
•  d	distance	between	close	cusps	

Propane-air	flame	φ=0.8		 Pole	dynamics		



Repeatability	
•  Crests	evolu2on,	several	experiments	



Comparison	with	the	
Sivashinsky	equa2on	

Propane-air	flame	φ=0.8		

Sivashinsky	equa2on		

Pole	dynamics		



Pole	dynamics:	purely	aggrega2ve	
dynamics	



PDE	+	noise:	permanent	addi2on	of	
new	crests	



Experimental	cell	size	distribu2on	
(downward	propaga2ng	propane	flames)	



Conclusion	

•  Flame	instability	in	a	Hele-Shaw	burner:		
forcing	an	ini2al	condi2on	

•  Sivashinsky	equa2on	works	reasonably	for	
short	2mes/	small	slopes	

•  Determinis2c	evolu2on	of	crests	
trajectories	for	short	2mes	(pole	
dynamics)		

•  Cells	crea2on	:	some	role	of	noise	and	
gravity	


