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1 .The Big Wave appeared in KIT-workshop :
19t September, 1991 (Kokura, Japan)

KIT WORKSHOP PHYSICS OF PATTERN FORMATION
|

A Big Wave Kanagawa-Oki —Nami-Ura (K. Hokusai, 1836)
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A Big Chemical-Wave: Accelerating Propagation and Surface Deformation
Induced by a Spontaneous Convection
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Abstract

An acceleration of the propagation of a chemical wave accompanied with a remarkable hydrodynamic
effects is observed in a thin solution layer of the Belous insky reaction. The quantitive meas—
urements of surface deformation and induced convective flow are carried out by the Mach-Zehnder inter—
ferometer and by the sequencial image processing, respectively.

(8l L= 218 (5)

b L= 245 (s)

2 .Convection induced by chemical wave propagation

A single chemical wave induces convective flow in a shallow layer of
BZ-solution. The mechanism of the flow is regarded as a surface
tension driven convection caused by concentration gradients of the

reaction materials and catalysts.
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2 .Enhanced convection with accelerating
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g

A Big Wave having an accelerating
propagation speed and enhanced
convection was found in a shallow
layer of BZ solution: H. Miike, H.
Yamamoto, S. Kai, and S.C. Miiller,
Phys. Rev. E, 48(1993) R1627.
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A curious chemical wave with acceleration of
propagation velocity and enhanced convective flow:
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$.Kai et al., Physica D 84 (1995) 269

Big Waves

Having a global surface
deformation measured by
interferometer: about 6 pm
Hydro-chemical Soliton
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Bigwave Propagation in BZ-Reaction

D. Kondepudi & I. Prigogine
Modern Thermodynamics
Bigwave Propagation in BZR
J. Wiley & Sons
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Coupling Scheme Between Reaction and Flow

local exothermic solution
local concentration change feedback mixture of solution

mechanism
gradient of surface tension

Hydrodynamic Flow
(Marangoni Convection)

Chemical reaction coupled with hydrodynamics

Formation of Big Wave

Frontal Acceleration in Excitable Media:
0. Inomoto (2003)

* lodate-arsenous acid reaction

O

* BZ-reaction
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Overview of the system : O.Inomoto (2003)

Dg >> D,
G L
VAPOR Ce diffusion D
co ¢ T . o0
vaporization & flowdl /e  dissolution &
r diffusion

LIQUID

z

L. X tail front fresh

= private communication

Mathematical description (O. Inomoto, 2003)
in iodate-arsenous acid reaction

gas Y = DGVZCG +Rs iodine / gas phase
%tr R, =+&'¢c, (vaporization)
interface a =DyVT +5,C, +3:Cs surface excess
% = AZTF shear flow (b.c.)
z X
A ac iodi liquid ph
liquid  —L 4 (u,-V)c_ =D V’c +R_+F(c) fodine / 1quic phase (dissolution,
é‘lc RU=+ECo =1L recipitation)
L-#(u‘ -V)c, =D Ve, +F(c,) iodide, iodate, arsenous acid
ot / liquid phase
au, P
K‘ +(U;-V)u; =D VAU, ~ > convective flow
i
au
—=0 continuity
T OX;

Comparison of results: 0.Inomoto, 2003
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Reaction-Diffusion-Convection models trying to
explain convection associated with chemical waves

¢ 1995: H. Wilke, Physica D 86

¢ 1996: K. Matthiessen et al., Phys. Rev. E 53
¢ 1996: M. Diewald et al., Phys. Rev. Lett. 77
* 2003: H. Kitahata et al., J. Chem. Phys. 116
¢ 2003: 0. Inomoto et al., non-published

¢ 2005: A. Nomura et al., non-published
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