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The flow confined between two concentric cylinders rotating with different velocity - Taylor-
Couette flow - has been a paradigm to investigate fundamental non-linear dynamics, various
hydrodynamic stabilities and pattern formation in fluid flows [1]. Although, classical fluids
in this system setup (Taylor-Couette system, TCS) [2] have been studied for about hundred
years the dynamics of complex fluids (e.g., ferrofluids [3]) have attracted attention mainly
in recent years/modern era [4, 5, 7, 8]. A representative types of such complex fluids are
ferrofluids, which are manufactured fluids consisting of dispersion of magnetized nanopar-
ticles in a liquid carrier. A ferrofluid can be stabilized against agglomeration through the
addition of a surfac- tant monolayer onto the particles. In the absence of any magnetic field,
the nanoparticles are randomly orientated so that the fluid has zero net magnetization. In
this case, the nanoparticles alter little the viscosity and the density of the fluid. Thus, in the
absence of any external field a ferrofluid behaves as an ordinary (classical) fluid. However,
when a magnetic field of sufficient strength is applied, the hydrodynamical properties of the
fluid, such as the viscosity, can be changed dramatically [4, 9] and the dynamics can be vary
altered. For instance, the magnetoviscous effect in ferrofluids is highly dependent on the
orientation of the magnetic field with respect to the fluid flow. Studies indicated that, under
a symmetry-breaking transverse magnetic field, all flow states in the TCS become intrinsi-
cally three-dimensional [6, 7], even increase the already huge number of flow states, known
to exist in the TCS (being steady, time-independent or unsteady, time-dependent and its
multiplicities).

This study treats with the influence of a symmetry-breaking transversal magnetic field on
the nonlinear dynamics of ferrofluidic Taylor-Couette flow, consider axial periodic, counter-
rotating cylinders with wide gap at low Reynolds number. We detected alternating ‘flip’ so-
lutions (Fig. 1) which are flow states featuring typical characteristics of slow-fast-dynamics
in dynamical systems. The flip corresponds to a temporal, periodic change in the axial
wavenumber k and we find them to appear either as pure 2-fold axisymmetric (due to
the symmetry-breaking nature of the applied transversal magnetic field) or involving non-
axisymmetric, helical modes (flow contributions) in its interim solution. The latter ones show
features of typical ribbon solutions. In any case the flip solutions have a preferential first
axial wavenumber which corresponds to the more stable state (slow dynamics) and a second
axial wavenumber, corresponding to the short appearing more unstable state (fast dynam-
ics). However, in both cases the flip time grows exponential with increasing the magnetic
field strength before the flip solutions, living on 2-tori invariant manifolds, cease to exist,
with life-time going to infinity. Further we show that ferrofluidic flow turbulence differ from
the classical, ordinary (usually at high Reynolds number) turbulence. The present/applied
magnetic field hinders the free motion of ferrofluid partials and therefore ‘smoothen’ typical
turbulent quantities and features so that speaking of mildly chaotic dynamics seems to be a
more appropriate expression for the observed motion. The result is more a middle chaotic
motion than typical high Reynolds number turbulence.
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Figure 1: Visualization of the flip solution (slow-fast dynamics) 1-wTVFπ2π. Shown are (a) dynamics
with time of modes |um,n| (inset shows Ekin) as indicated over a quarter period τp/4 due to symmetries
for Rei = 130, sx = 0.7 and times t as indicated. (b) presents corresponding visualisations for
isosurfaces of rv ± 25 [red (dark gray) and yellow (light gray) colors correspond to positive and
negative values, respectively, of the flow structures during th ‘flip’ transition at times as indicated in
(a).
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