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Lukas Berger, Antonio Attili

Outline of Session

Focus of this session: Thermodiffusive Instabilities in Pure Premixed Hydrogen Flames

Key Problem: Leading order effect of thermodiffusive instabilities in hydrogen/air flames
* Flame speed increase by factor of 4

* Super-adiabatic temperatures of 400K

Agenda

I. Thermodiffusive Instabilities in Hydrogen Flames
(Lukas Berger, Antonio Attili, Heinz Pitsch)

* Molecular effects are exacerbated by
turbulence (instead of mitigated)

= lots of non-linear interactions 2. Thermal leading points in lean premixed hydrogen
—> no models yet available (Thomas Howarth)
3. DNS of premixed H,
Key Discussion Points: (Martin Rieth)

4. Available Experimental and Numerical Datasets
(Heinz Pitsch)
. Discussion

* ldentification of target datasets

* |dentification of relevant conditions 5
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Thermodiffusive Instabilities in Hydrogen Flames

Vorticity Fuel H, Heat Release Temperature
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Lukas Berger?, Antonio Attili®, Heinz Pitsch?

?nstitute for Combustion Technology, RWTH Aachen University
b)Institute for Multiscale Thermofluids, University of Edinburgh
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Hydrogen Combustion — Fuel Properties

CH, Hy I O B P

LHV [MJ/kg] 443
Energy Density [M)/m3] 9.6 325 30656
Fuel-vol%* 29.5 9.5 1.65
T [KT* 2390 2226 2276
RON 130™ 120 100
Tauco-ignition [K] 858 813 690
Lewis-Number™* ~0.3 ~1.0 ~2.0

“Conditions: ¢ = 1, T, = 300K, 1 atm “Diverging RON reported in literature
" Lewis number = Ratio of thermal to mass diffusivity

* Hydrogen burns entirely differently (different fuel properties)
* High unstretched laminar burning velocity

* Negative Markstein numbers lead to thermodiffusive instabilities

equivalence ratio ¢ / - * Instabilities can easily enhance flame speed by 400%
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2S. Verhelst, T. Wallner, Prog. Energ. Combust. 35 (2009), 490-527
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