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Turbulent burning velocity a function of mean stretch rate
(Flame Surface Density modelling and other flamelet models)

Mean curvature

Stretch rate 1 v

(8) = (ar) + 2(sdhm)

. \_, Displacement speed
Strain rate

V u—nn:Vu w—+ V- (pDVc)

plVe
Stretch rate a combination of local source-terms on flame surface
a reaction progress variable c iso-contour
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Stretch rate source-terms
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Objectives and simulation details

How do these inter-dependences vary with increasing turbulence intensity?

DNS dataset generated by varying Ka — (u//SL)3/2(€0/5L)_1/2
turbulence intensity over 5 10—

simulations in an inflow-outflow
configuration with NSCBCs by the
code: sengaZ2

Original simulations [1]
288 x 96 x 96 and 4ETOTs

Latest simulations (supporting)
720 x 240 x 240 and 12 ETOTs
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Strain and Curvature
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Strain and Displacement speed s = psi/pr
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Curvature and Displacement speed
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Stretch rate and Displacement speed

18 uw' =1.5s7 uw' =10st 50 u' =30s;
2.5
1.6 15
' 2.0
2 1.5 0
7 1.2 5
1.0 0 1
-12 -8 -4 —25 0 25 —800—-400 O 400 800
édL/sL ééL/SL S5L/SL
/
U >

[1] Chen and Im (1998) 27t Symposium (International) on Combustion
[2] Chakraborty, Klein and Cant (2006) Proceedings of the Combustion Institute 31



Stretch rate and Displacement speed

Upper branch
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Stretch rate and Displacement speed

Negative curvatures, positive strain
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shift in contributions from different regions of the flame surface points to the
underlying competition between strain and curvature
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Displacement speed components
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Displacement speed components
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Implications: distribution of strain rate

(8) = (a¢) + 2((sr + sn)hm) + 2(sthm)
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Implications: distribution of propagation rate

(8) = (ar) + 2((sr + $n)hm) — 4D(h;y)

¢

14



15

Conclusions
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1. There appears to be no qualitative change in the statistics
of displacement speed and its separate components as
the turbulence intensity is increased

2. Accurate modelling of the displacement speed appears to
be a requirement in order to capture the non-linearities
observed in the stretch rate and its components
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