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The practical ignition/blow-off loop

Ahmed & Mastorakos, CNF, 2007
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Why this shape? What factors determine the distance between loops? How
are flame patterns related to this curve? Can we predict it?

Knowledge on extinction is useful to understand ignition and vice versa.

Shape and extinction/ignition loop separation visible also in lab-scale flames

UNIVERSITY OF

CAMBRIDGE




Spark ignition of non-premixed and spray systems

A Spark ignition: High-altitude relight of aviation gas turbines; Ignition in
gasoline direct injection engines (GDI); Safety (leaks from cracked
pipes etc). Very complex problem, not well studied, in contrast to fully
premixed that is better studied.

A Need to go beyond global correlations.
A Predictive capability based on CFD needed.
A Physics-based, easy to use ( i l-oorwd enod®l$ needed.

A Stochasticity and transient behaviour are important. Fast diagnostics
and LES help.
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Spark ignition in gas turbines

THE FOUR PHASES AND BASIC CONCEPTS
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Spark ignition of Rolls-Royce combustor

FAILURE | SUCCESS
Ignition experiments at 0.4bar, 250K (Read, Rogerson, Hochgreb, AlIAA J,

2011; Mosbach et al., ASME, 2011):
Variability: not each spark is successful
Success: tends to be associated with RZ ignition
Spark is large relative to flame, unlike in automotive applications
Movies thanks to S. Hochgreb
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Spark ignition of non-premixed systems:
axisymmetric fuel jet
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Ahmed & Mastorakos, Comb. Flame, 146 (2006) 2151 231 IGNITION PROBABILITY
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Spark ignition in gas turbines

Phase 1: create a kernel (failure @ local extinction)
Phase 2: kernel grows and flame spreads (St in non-premixed & sprays, flow)
Phase 3: burner ignites (sometimes failure € global extinction)

Phase 4. burner-to-burner propagation (lightround)
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Phase 1. Kernel generation i premixed

- To ignite laminar premixed flame, one needs E > E needed to raise volume
o(d.3) to T_4; this leads to MIE=f(fuel ,f,P,T) (Lewis & von Elbe, textbooks etc).
Some recent explorations with laminar flame codes & analytics (Chen, Ju,
etc) for Lewis number & radiation effects.

- To ignite turbulent premixed flame, MIE turb > MIE_lam (experiments by
Lefebvre & Ballal, mid 700 $80s; DNS by Poinsot & Veynante, Klein, Cant,
Chakraborty etc). MIE may increase suddenly as u 0 /irf&creases much (Shy,
Renoui Ai gnittriammmsi.t i on o)

- Numerical simulations based on thermal description; plasma chemistry and
interactions not usually captured.

- Electrical vs. laser spark

- A Ov er derfifveddradiey, DNS)
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Phase 1. Kernel generation i non-premixed

- To ignite laminar non-premixed flame, MIE additionally depends on spark

position and strain rate. Need experiments!
- To create kernel in turbulent non-premixed flame, u 6& mixture fraction

important (from DNS & experiment).
DNS with power source in mixing
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Phase 1. Kernel generation 1 spray

- To create kernel in sprays, MIE additionally depends on droplet size, spray
volatility, and degree of pre-evaporation (Ballal & Lefebvre, mid 80s, Agarwal
1998 PECS). Need more experiments!
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Phase 2: Flame growth T gas

- If mixture fraction fluctuations are small, flame grows as stratified flame
(e.g. Renou & Cessou); established flame studied by many (Hochgreb,
Barlow, Dreizler, TNF Workshop etc).

- If mixture fraction fluctuations are large, flame becomes edge flame.
Turbulent edge flames not studied too well, but enough to tentatively
conclude that average speed is low. Turbulence does not make it faster.
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Phase 2: Flame growth T spray

- Sprays add stratification at the small-scale, and in combustors we have
large-scale droplet number density inhomogeneities. Turbulent flame speed
& extinction in sprays has been studied very little.

- DNS of spark ignition in uniform dispersions: droplet-scale flame vs. cloud
flame depending on Group number; very rich overall F possible to ignite.

u=1, d=20em

DNS, 1283, 32-species, _;
heptane, power source .
In uniform dispersion
(Neophytou et al, CNF
2012, PROCI 33)




Phase 2: Flame growth T spray

- DNS of spark ignition in non-uniform dispersions: flame growth or not
depends on spark position, fuel volatility, turbulence (Neophytou et al., CNF
2010). Displacement speed proved useful concept.
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Phase 3: Burner ignition

- Flow pattern important: flame must grow in the right direction
- Recirculation zone critical: flame must be captured in RZ

- Premixed, non-premixed, spray have been studied (more later)
- LES simulations useful (more later)

- Failure to establish flame can be related to blow-off physics

Cordier et al, CST 2013
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Phase 4. Lightround

Experiment F-TACLES

(a) f =25 ms t =25ms

- Little studied so far

- Experiments at Ecole
Centrale, Rouen, Cambridge;
simulations at CERFACS

- Dilatation seems important

- Mostly premixed systems
studied so far (more later)

10.0 ms

Bourgouin et al, PROCI 35
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Spark ignition in gas turbines

RECIRCULATING FLAMES
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Spark ignition of non-premixed bluff-body flame:
Ignition probability

Successful spark Failed spark
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Spark ignition of non-premixed systems: spray flame

(Marchione et al., CNF 2009)
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Spark ignition of non-premixed systems: spray flame

with 100 Hz spark at wall (Marchione et al., CNF, 2009)
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