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Numerical Study on Unsteady Two-Dimensional Premixed Flame
Using Elementary Reaction Mechanism
(The Validity of Progress Variable and Its Gradient
as Descriptor of Premixed Flame Structure)

Toshihiro KATOH, Naoki HAYASHI*, Hiroshi YAMASHITA,
Yuji NAKAMURA and Kazuhiro YAMAMOTO

* Department of Mechanical Science and Engineering, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya-shi, Aichi, 464-8603 Japan

The flame structure of unsteady two-dimensional premixed flame is numerically simulated with
elementary reaction mechanism. In order to investigate unsteady behavior, a sinusoidal fluctuation
is added to the inlet velocity of methane-air premixed mixture as follows: #o=un{l1+ A-sin(27ky)-
sin(27/t)}. The average volocity un is 1.25-2.00 m/s, the amplitude A is fixed to 1.0, the frequency
f is 100, 250, 500 Hz, and the wavenumber % is 0.1-0.4 mm~. The Smooke’s skeletal mechanism is
adopted as the elementary reaction mechanism. The equivalence ratio is fixed to 0.75. The unsteady
behavior and flame structure of premixed flame are examined by using the progress variable defined
with mass fraction of oxidizer Cq and its gradient (dC/dn)q at flame front. The obtained results are
as follows: The total heat release rate, the temperature gradient, the maximum concentration of
species are determined by Cq and (dC/dn),. Consequently, they are the most important descriptors
of premixed flame which dominate the flame structure of premixed flame. The unsteady behavior is
classified by the flame curvature and the flame propagation direction, and the classified regions are
related to Cq and (dC/dn)..

Key Words: Premixed Flame, Unsteady Behavior, Progress Variable, Flame Curvatute, Flame
Propagation Direction, Numerical Analysis
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Fig.2 Time evolution of 2-D OH mole concentration
contour (= 1.75 m/s, 4 = 1.00,k = 0.4 mm”,
f=250Hz, At=35 us)
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Fig.3  Time evolution of 2-D OH mole concentration
contour (%,=2.00 m/s, A = 1.00,k = 03 mm’,
f=500Hz, At=35 1s)
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Fig.4 (a) Cross section A-A' perpendicular to flame front,
(b) Flame structure along A-A’
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Fig. 6 Relationship of various quantities to C, and (dC/dn),
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Table 1 Classification of flame behavior

Sign of flame curvature Magnitude of flame curvature L
Case Symbol | *:concave toward burned gas large: =1mm? Flame Propagstion ditection
—: convex toward bumed gas small: <1mm* bumed — unbumed
Case 1 o - large —
Case2 | - large —
Case 3 O - small -
Casc 4 O — small —
Case’5 A + Targe =
Case 6 v + large —
Case 7 A ¥ small =
Case 8 v + small -
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