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Background
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• Industrial	gas	turbines
• Fuel-flexible	burner	and	alternative	fuels



Flashback



Flashback	in	Planar	Channels
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Flashback	in	Swirling	Flows
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Flashback	in	Swirling	Flows

Ebi and	Clemens,	Combustion	and	Flame,	2016,	168,	 	39-52



Methodology



Methodology

Flow
orientation

Radial	pressure	gradient

𝐹𝑟 = ∞ 𝐹𝑟 = 0.25

Normal

Oblique

𝑓



Methodology

• Physical	aspects	of	swirl:
• Flow	orientation
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Methodology

• Physical	aspects	of	swirl:
• Radial	pressure	gradient
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Methodology
• Reacting,	turbulent	channel	flow
• Direct	Numerical	Simulation
• Fully	compressible	flow
• Detailed	chemistry
• Time-evolving	turbulence
• Combustion	code:	S3D
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Methodology
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Results	– Oblique	Flow



Flame	Shape
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Flashback	Speed



𝑓 𝐼S 𝐴Q /	𝐴< 𝑆Q /	𝑆<
Normal - - - -

Oblique ↓
Body	force



Flame	Surface	Density

𝑦1 = 5



𝑦1 = 5

𝑓 𝐼S 𝐴Q /	𝐴< 𝑆Q /	𝑆<
Normal - - - -

Oblique ↓ ↓
Body	force



Stretch
𝑦1 = 5



Displacement	Speed



𝑓 𝐼S 𝐴Q /	𝐴< 𝑆Q /	𝑆<
Normal - - - -

Oblique ↑ ↓ ↓
Body	force



Flow	factor

𝑓 𝐼S 𝐴Q /	𝐴< 𝑆Q /	𝑆<
Normal - - - -

Oblique ↓ ↑ ↓ ↓
Body	force



Results	– Body	Force



Flame	Shape

No	body	force Body	force
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Flashback	Speed



𝑓 𝐼S 𝐴Q /	𝐴< 𝑆Q /	𝑆<
Normal - - - -

Oblique ↓ ↑ ↓ ↓
Body	force ↑



Flame	Surface	Density

𝑦1 = 5



𝑦1 = 5

𝑓 𝐼S 𝐴Q /	𝐴< 𝑆Q /	𝑆<
Normal - - - -

Oblique ↓ ↑ ↓ ↓
Body	force ↓ ↑



Stretch 𝑦1 = 5



Displacement	Speed



𝑓 𝐼S 𝐴Q /	𝐴< 𝑆Q /	𝑆<
Normal - - - -

Oblique ↓ ↑ ↓ ↓
Body	force ↔ ↓ ↑



Flow	Factor

𝑓 𝐼S 𝐴Q /	𝐴< 𝑆Q /	𝑆<
Normal - - - -

Oblique ↓ ↑ ↓ ↓
Body	force ↑ ↔ ↓ ↑



Buoyancy
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Conclusions

• Darrieus-Landau	hydrodynamic	instability	
dominates	effects	of	streaks
• Flow	diversion	and	buoyancy	have	significant	
effects	on	flame	propagation



Future	Work

• Simulation	of	annulus	using	axi-symmetric	co-
ordinates
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