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Oscillatory Deformations and Turbulent Behavior of Chemical Waves

Induced by Oscillating Surface Flow in BZ-reaction
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Abstract

Hydrodynamic instabilities in a reactive liquid induced by the propagation
of waves of chemical activity (chemical waves) are investigated for ferroin-
catalyzed Belousov-Zhabotinsky (BZ) reaction by 2D spectorophotometry and 2D
velocimetry based on microscope video iMiaging techniques. Oscillations of
the hydrodynamic flow were detected in rotating spiral waves with an open
liquid/gas interface. Periodically wvarying deformations and irregular
decompositions of chemical wave profiles were also observed in the reactive
layer. These are due to an oscillatory hydrodynamic flow detected close to
the layer surface. A model explaining the onset of oscillatory surface
flow and dynamic pattern deformation is discussed. New mechanisms of
chemical entrainment and curvature effect on chemical wave are introduced
for the hydrodynamic instabilities in BZ-reaction.
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Fig.1 Pair of spiral waves in a thin

solution layer (depth, 0.85mm) of the
BZ-reaction. Transmitted light is mea-
sured in a 3x3mm® section at the dish

center.
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Fig.2 Schematic diagram of the microscope video image

processing system for two-dimensional velocimetry and
two-dimensional spectrophotometry.
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Fig.3 Temporal trace of flow velocity in x-direction (per-
pendicular to the chemical wave propagation) at the center
of a covered layer (depth, 0.85mm) under triggering spiral
waves. Arrows.passage times of wave fronts.
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Fig.4 Temporal trace of flow velocity in y-direction
(parallel to the chemical wave propagation) at the
center of a covered layer {(depth, 0.85mm) under
triggering spiral waves. Arrows as in Fig.3.

t = 8:30 b | ¢ t=12:50 d t=13:13

e t=13:30 f t=13:50 g t=14:00 h t=20:00
Fig.5 Image sequence of the temporal development of 1 mm
chemical waves at 490nm under covered condition

(without illuminated polystyrene particles).
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Fi.6 Temporal trace of the flow velocity in y-direc-

tion (paraliel to the chemical wave propagation) at
the center of an uncovered layer (depth, 0.85mm).
Cover removed at t=0 min. Arrows as in Fig.3.
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Fig.7 Image sequence of the temporal development of
wvaves at 490nm  under uncovered condition (without

illuminated polystyrene particles).
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Fig.8 Time dependence of local transmitted light (a),
and its power spectrum (b) in spiral waves under

covered condition (depth, 0.94mm).
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instability in BZ-reaction.

RokBhER[AMOTLRELET B,
DEIRHRERBEENI =Y < F AT IV ABEET BT« —F Ny IOL—=T%
EXABIEBTE S,

5. BboZ

Spiral VaveRRIEE U 2 RUICBEI T hREEMNXAERE A RERNT AN -2 0D
BRELHPAI BAANA LB ALUTCER. UDPUKEBORTWE. DELOAN
—PEVIEANFTEORENEZONBZE. DNYF - Y7 —THB2 LWLV
REAETERRBREBRLS RAIEILLLVUTVWIEZE. 42 EEITH50EBENDH 5. KB,
Chemical VaveDIEBRCZ3RIZENY—VOLVHEEZEHIIUV 28, MHRCER
TE3EEHNE"Mosaic"ROF A U BEETIHONY - RXERT I TCHAUTH
TW320 L, el (BEEBImILE) PHLVARBEREINY - VOHRENESICH
flxhd, . EFPVREEONY -V FA4F IV ABBBEThIZIOE0DOH—
ERME (W104) EBET. CORMIEBENGVELCREIRIEMES 5. RIGE
BWHROMLERS (A A VRES) 3 —FTOBEFRENEYV. ZOEEEA KK

— 368 —



(3% — Rk, EE) Lt

RhPMEI N30 LH 5. LEOLOREBORFBERTHI P, LTh
WUTHEENRXBEEAEND D, HEOAHEWHCRALETVEMALT
TOWLKLEDBES .

HEF MR UESREREBTHEV 2 Th.Plesserfd+. Zs‘Nagy-Ungvaraitﬁi&U
TRFELR. FLEXBR LOSHBYRER L2 TEV 2U. Heidecke, K.Dreher,
E.Schluter, G.Schlute RU B.Plettenberg OB K WERT 2., L O
RO—WX T+ LY R+ 7 =% Y }HEH (Hannover) OBBOTTHIRbhl,

2EXW

1)R,J,Field and M.Burger,eds., Oscillations and travelling waves in chemical
system (John Wiley, New York, 1985).

2)C.Vidal and P.Hanusse, Intern.Rev.Phys.Chem.,5(1986)1.

3)A.M.Zhabotinsky and A.N.Zaikin, J.Theor.Biol.,40(1973)45.

4)M.0Orban, J.Am.Chem.Soc., 102(1980)4311.

5)K.1.Agladze, V.l.Krinski and A.M.Petsov, Nature,308(1984)834.

6)P.M.Wood and J.Ross, J.Chem.Phys., 82(1985)1924.

7)S.C.Muller,Th.Plesser and B.Hess, Ber Bunsenges.Phys.Chem.,89(1985)654.

8)M.Markus,S.C.Miller and B.Hess, Biol.Cybern., 57(1987)187.

9)C.Normand,Y.Pomeau and M.G.Velarde, Rev.Mod.Phys.,49(1977)581.

10)H.Linde, in:Convective transport and instability phenomena, eds.].Zierep
and H.0ertel jr.,(Karlsruhe, Braun, 1982) p.265.

11)S.Chandrasekhar, Hydrodynamic and hydromagnatic stability, (Clarenden,
Oxford, 1961).

12)P.Borckmans and G.Dewel, in:Chemical to biological organization, eds.
M.Markus,S.C.Muller and G.Nicolis,(Springer Series of Synagetics, 1988)
to be published.

—369—



WEawmE

13)S.C.Muller,T.Plesser and B.Hess, Anal.Biochem.,146(1985)125.

14)S.C.Muller,T.Plesser and B.Hess, Physica,240(1987)71.

15)H .Miike,Y.Kurihara,H.Hashimoto and K.Koga, Trans.|EEE,E69(1986)877.

1) HEFF . B EFFREEFSHIE, J70-0(1987)1508.

17)H.Miike,K.Koga,M.Momota and H.Hashimoto, Jpn.J.Appl.Phys.,26(1987)L1431.

18)H.Miike,S.C.Muller and B.Hess, Chem.Phys.Lett.,Lg§(1988)515.

19)H.Miike,S.C.Muller and B.Hess,”0Oscillatory deformation of chemical waves
induced by surface flow”, submitted.

20)H.Miike,S.C.Muller and B.Hess,”Coherent dynamic structures and turbulence
in chemical waves induced by oscillatory surface flow”, in preparation.

21)H.Miike,S.C.Muller and B.Hess,”Travelling hydrodynamic flow with circular
wave propagation”, submitted.

22)S.C.Muller,Th.Plesser and B.Hess, in:Physicochemical hydrodynamics:inter-
facial phenomena, eds.,M.G.Velarde and B.Nichols,NATO AS| Series(1987),
to be published.

23)Y.Kuramoto, Prog.Theor.Phys.,63(1980)1885.

24)J.P.Keener and J.J.Tyson,Physica 210(1986)307.

—370—



