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Statistical Characteristics of Fractal Dimension in Turbulent Premixed Flame

Dae Hoon Lee and Sejin Kwon

3}¢d), Statistics(E-A)
Abstract

With the introduction of Fractal notation, various fields of engineering adopted fractal notation to express
characteristics of geometry involved and one of the most frequently applied areas was turbulence. With
research on turbulence regarding the surface as fractal geometry, attempts to analyze turbulent premixed
flame as fractal geometry also attracted attention as a tool for modeling, for the flame surface can be viewed
as fractal geometry. Experiments focused on disclosure of flame characteristics by measuring fractal
parameters were done by researchers. But robust principle or theory can’ t be extracted. Only reported
modeling efforts using fractal dimension is flame speed model by Gouldin. This model gives good predictions
of flame speed in unstrained case but not in highly strained flame condition. In this research, approaches
regarding fractal dimension of flame as one representative value is pointed out as a reason for the absence of
robust model. And as an effort to establish robust modeling, presents methods treating fractal dimension as
statistical variable. From this approach flame characteristics reported by experiments such as Da effect on
flame structure can be seen quantitatively and shows possibility of flame modeling using fractal parameters
with statistical method. From this result more quantitative model can be derived.
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Table 1 Flame condition

experiment
Case I 1I mI
U (cmy/sec) 69.9 87.3 174.7
u’ (cm/sec) 9.7 12.6 24.3
w’/S, 0.65 0.84 1.62
1 (mm) 0.37 0.31 0.19
| (mm) 48 5.0 48
1) 44 45 44
R, 31.0 420 718
Da 6.8 5.4 27

Su burning velocity

1 integral sclae

) flame thickness

n Kolmogorov scale

R u'l/V
pa  (/u)/6/S,)

Table 2 Flame condition in each Goix""" experiment

Case Flame2 Flame 3 Flame 4
1(%) 53 33 49
Re 20 40 40

S. (mfs) 0.23 . 0.16 0.16
U (m/s) 49 5.1 5.1
Da 16 38 17
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