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The purpose of this research is to analyze the transport phenomena in fluids using
methodologies of the complex network science. We have shown properties of the transport phenomena which h
as not been clarified with the conventional methods.
First, we constructed the network of a turbulence model and analyzed the network using the betweenness cen
trality. We found that the boundary region between convection rolls show high betweenness centrality. Next
, we considered the change of the steady state under the change of the control parameters of the system. W
e have classified the problem into three sub classes. We took into account the conditions specific to each
situation, derived the perturbation equation, and showed that the derived equation is exact in the case t
hat the number of particles is conserved.



(Watts &
Strogatz, Nature (1998))
(Barabasi & Albert, Science
(1999))
2000

Donges et a., Europhys. Lett. (2009)

[ﬁ{?«qﬂl:a’sﬁé!ﬁiﬁﬁ%]

BT — ORI
TR R F ik
() BESABORHE GATDE)

(i) IREEAL!
LD ARAT (FETHER)

P HERR OG0T
A H O RE L
REMESE~DILA
1
T
0

etal., Mol. Ecol. (2007)

THRTOE

Underwood



@
@

@

@

(Ouchi et al., Prog. Theor.
Phys. (1991))

2 X-Z
100 oo 0.7
80 0.6
0.5
60 0.4
40 0.3
0.2
=t 0.1

0 0
0 20 40 60 80 100
3
@



@

absorption rate

o

0.02

0.016 4| %
0.012 | |
0.008
0.004
0 3 | &
0 20 40 60 80 100
nodelD

Naoya Fujiwara, Analytical framework
of flow networks and its applications,
Proceedings of 2nd Korea-Japan Joint
Workshop on Complex Communication
Sciences (KJCCS2013), 2013 (2 pages)

Naoya Fujiwara, Network analysis of
transport phenomena in flow fields,
Proceedings of International
Symposium of Nonlinear Theory and its
Applications  (NOLTA2013), 2013,
314-317 ;

Naoya Fujiwara, Jonathan F. Donges,
Reik V. Donner, Jurgen Kurths, and
Kazuyuki Aihara, Perturbative methods
in transport networks and application
to controlling geophysical flows,
European Geosciences Union General
Assembly 2014, 2014 5 2 , Vienna

Geo-communication seminar 2014
1 14 .

Naoya Fujiwara, Analytical framework
of flow networks and its applications,
2nd Korea-Japan Joint Workshop on
Complex Communication Sciences
(KJCCS2013), 2013 10 17 , ;
Naoya Fujiwara, Network analysis of
transport phenomena in flow fields,
International Symposium of Nonlinear
Theory and its Applications
(NOLTA2013), 2013 9 10 , SantaFe

FUJIWARA, Naoya



