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Fractal Characteristics of Scalar Mixing in Free Shear Layer
at High Reynolds and Schmidt Numbers
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Direct numerical simulations (DNSs) of temporally developing mixing layer with non-reactive and reactive scalar
transport up to Re,o = 900 and Sc = 30.0 have been conducted to investigate fractal geometry of scalar surfaces in
turbulence. Effects of Reynolds number (Re), Schmidt number (Sc) and chemical reaction on scalar mixing are
discussed by applying fractal analysis for scalar surfaces. For higher Sc, two fractal dimensions D, and D, can be
defined, while only one fractal dimension D can be defined for lower Sc. The fractal dimension D, corresponds to
relatively large scales. D gives close agreement with D of lower Sc case in the inertial subrange and is around 2.5. The
fractal dimension D, corresponds to small scales and shows larger values. D, depends on Schmidt number and rises to
about 2.8 for Sc = 30.0. As for the case with chemical reaction, all fractal dimensions show lower values. In all cases,

D, Dy and D, are independent of Reynolds number.
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Fig. 1 Distributions of scalar mass fraction on a x-y plaﬁe. (@): Reyo =
500, Sc = 0.6, Re =0, (b): Re o =900, Sc = 3.0, Rc = 0, (c): Re, = 500,
Sc=3.0,Rc=1.
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Fig. 2 Temporal development of fractal dimension.
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