HABRBES 2238 55 60 2% 192 75 (2018 4F) 83-92

Journal of the Combustion Society of Japan
Vol.60 No.192 (2018) 83-92

B35 FEATUREE

—IRBENEZEIC B 1) 2 MR D RBERL Y —AIBIR LM vy b —0 —

Mathematical Science of Complex System in Combustion Researches -Synchronization phenomena and Complex Networks- —

BLATN K DEFZERBEDEM < EFH

Complexity and Synchronization of Spatiotemporal Structure in a Buoyancy-induced

Turbulent Fire

1
.

WA (i IR =t T

* TAKAGI, Kazushi', TOKUDA, Isao T.2, and MIYANO, Takaya’

I
GOTODA, Hiroshi'

' HBCRIRER LRI LR T 125-8585 HUTHE AT BT 6-3-]
Department of Mechanical Engineering, Tokyo University of Science, 6-3-1 Niijuku, Katsushika, Tokyo 125-8585, Japan

SLATEER AP AT AR T 525-8577 MBS WL P B T 1-1-1
Department of Mechanical Engineering, Ritsumeikan University, 1-1-1 Nojihigashi, Kusatsu, Shiga 525-8585, Japan

Abstract : The emergence of spatiotemporal chaos produced by spatially extended nonlinear system and chaos
synchronization have promoted the sharp growth of much interest in nonlinear physics and related branches of mathematical
science. We have numerically studied the spatiotemporal dynamics of flow velocity field in a buoyancy-induced turbulent
fire and the synchronization of two coupled turbulent fires from viewpoints of statistical complexity, complex networks, and
dynamical systems theory. Two classes of dynamics: (1) low-dimensional deterministic chaos in the near field dominated
by the unstable motion of toroidal vortices and (2) high-dimensional chaos in the far field forming a well-developed
turbulent plume, dominate the dynamic behavior of a buoyancy-induced turbulent fire. A scale-free structure related to
fractality appears in weighted networks between vortices, while its lifetime follows a clear power law, indicating intermittent
appearances, disappearances, and reappearances of the scale-free nature. A significant decrease in the distance between the
two fire sources gives rise to a synchronized state in the near field. The synchronized state vanishes in the far field, regardless
of the distance between the two fire sources.
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Fig. 1 Instantaneous flow velocity field on the xz plane and the
extracted temporal evolution of the centerline streamwise
velocity w as a function of height z [17].
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Fig. 2 Temporal evolution of trajectory in the phase space constructed from flow velocity fluctuations w' for different z. (a) z=0.5m, (b) z= 1.0 m,
and (c) z = 3.0 m. Here, 7 is set to be the delay time that reduces mutual information to e™'.
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Fig. 3 Temporal evolution of trajectory in the phase space constructed from w at z = 0.5 m and the extracted instantaneous flow velocity field.
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Fig. 7 Complexity-entropy causality plane of streamwise velocity fluctuations w' at different height z [17].

(a)z=0.5m,(b)z=1.0m, and (c) z=3.0 m.
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Fig. 10 Time variations in the coefficient of determinism R and
probability density function p(Rz).
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Fig. 11 Probability density function of the lifetime p(z,) of the scale-free
structure when R > 0.95 [18].
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Fig. 12 Instantaneous flow velocity field on the xz plane at the

normalized distance between the two turbulent sources L* = 0.8
[18].
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Fig. 13 Temporal evolutions of i and W at different L* and z.
(A)L*=0.1,(B)L*=0.8,(a)z=0.5m, (b) z=3.0m.
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Fig. 14 Variations in (A) the correlation coefficient C and (B) mutual

information 7 as functions of L* and z [18].
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Fig. 15 Cross recurrence plots for different L* and z. (a) L* = 0.1,
z=0.5m,(b) L*=0.1,z=1.0m, (c) L*=0.1,z=3.0m,
(d)L*=0.8,z=0.5m[18].
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Fig. 16 Variations in (A) the determinism RR and (B) the mean diagonal
line length Lmean as functions of L* and z [18].
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