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Background

* Industrial gas turbines
e Fuel-flexible burner and alternative fuels
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Flashback in Planar Channels
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Gruber et al., Journal Fluid Mechanics, 2012, 709, 516-542



Flashback in Swirling Flows
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Flashback in Swirling Flows
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Methodology

* Physical aspects of swirl:
* Flow orientation

Flame front
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Methodology

* Physical aspects of swirl:
* Radial pressure gradient
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Methodology

e Reacting, turbulent channel flow
* Direct Numerical Simulation

* Fully compressible flow I<X
* Detailed chemistry
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Methodology
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Methodology
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Results — Obliqgue Flow



Flame Shape

Y
|:6XL
z

Normal Flow Oblique Flow



Flashback Speed
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Upuik = Vs (M/S)
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Flame Surface Density
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Displacement Speed
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Results — Body Force
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Upuik = Vs (M/S)
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Flame Surface Density

1500

1000

[Ve| (m~1)

500




[Ve| (m~1)

1500

1000

500

Iy Ar [ 4, St /Sy,
Normal - - -
Oblique T l l
Body force l T




0

5000 10000 15000
Curvature (m™1)

20000

25000

-30000-20000-10000 0 10000 20000 30000 40000
Tangential Strain (s™1)



Displacement Speed

1 Fr=0.25

1 Fr

0.8

0.6

Jpd

0.4

0.2

10

0.0

Sq (M/s)



~J

W

It L B A R

=

95

~J

<

It L B A

=

<

ol N K )

| ' |-
()
O

— |l ol &

| 5| 4

€1 2|z

olQa| o

2|0 m

1 Fr=0.25

[ 1 Fr=o

0.8

0.6

Jpd

0.4

0.2

0.0

10

Sq (M/s)



Flow Factor
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Buoyancy
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Conclusions



Conclusions

* Darrieus-Landau hydrodynamic instability
dominates effects of streaks

* Flow diversion and buoyancy have significant
effects on flame propagation



Future Work

e Simulation of annulus using axi-symmetric co-
ordinates
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