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Analysis of Flame Generated Turbulence for a Turbulent Premixed

Flame with Zone Conditional Averaging

Yong Hoon Im” and Kang Yul Huh™

ABSTRACT

The zone conditional two-fluid equations are derived and validated against DNS
database of a premixed turbulent flame. The conditional statistics of major flow
variables are investigated to understand the mechanism of flame generated turbulence.
The flow field in burned zone shows substantially increased turbulent kinetic energy,
which is highly anisotropic due to reaction kinematics across thin flamelets. The
transverse component may be larger than the axial component for a distributed pdf of
the flamelet orientation angle, while the opposite occurs due to redistribution of turbulent
kinetic energy and flamelet orientation normal to the flow at the end of a flame brush.
The major source or sink terms of turbulent Kkinetic energy are the interfacial transfer
by the mean reaction rate and the work terms by fluctuating pressure and velocity on a
flame surface. Ad hoc modeling of some interfacial terms may be required for further
application of the two-fluid model in turbulent combustion simulations.

Key Words : Premixed turbulent flame, Zone conditional averaging, Flame generated

turbulence, Direct numerical simulation.
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Fig 1. Configuration of direct numerical
simulation for a premixed turbulent flame [18]

Table 1 Simulation conditions of DNS

p.lpy T, U, € wllU,
753 2260K 06 m/s 0217mm 088
l/e, Re,
159 955

T, : adiabatic temp. e, : flamelet thickness
i, :integral iength scale U, : laminar flame speed
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Table 2 Criteria for conditional averaging

Volume average | Surface average

Unburned
zone

c<0.001 0.001< ¢ <0.005

Burned
zone

- ¢20.999 . 0.995< <0999
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Fig. 2 Contours of instantaneous reaction
progress variable on a y-z plane

Fig. 3 Comparison of the axial components
of volume and surface average conditional
velocities in unburned and burned zone
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Fig. 4 Comparison of volume and surface
average conditional pressure in unburned and
burmed zone
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Fig. 5 Profiles of mean stretch factor, flame
surface density and mean reaction rate
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Fig. 11& ¥ 8o v} gl g gdg g
IVE o2 gdlz 88 Aol di@ budgetsd
Yeldl RHejth, wtgrtagdeds A9t Falol
2w el FE FXn oy 3 Gl M=z
A o)A A pudgetsols & FH¥L 71X 3
E3l3a S ¢ 5 Ut vt YA G A4
ME A, D, 223 Edte]l A budgetss] ¥
of xlujdel H&L &1 YL ¢ F Y&d

107

TmoOwm»

E WIS i Lo ]
: 0% os 0.7 1
«C»

(a} Unburned zone

(b) Burned zone

Fig. 11 Budgets of the decomposed pressure-
refated terms for conditional turbulent kinetic
energy in Appendix
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(A) Zone conditioned governing equations of
mass, momentum, and turbulent kinetic energy
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(B) Alternative forms of the term IV in

conditional turbulent kinetic energy eguations
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