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Stirring by chaotic advection

By HASSAN AREF
Division of Engineering, Brown University, Providence, Rhode Island 02612

(Received 30 March 1983)

In the Lagrangian representation, the problem of advection of a passive marker
particlé® by a prescribed flow defines a dynamical system. For two-dimensional
incompressible flow this system is Hamiltonian and has just one degree of freedom.

Xaccan Aped

The term *“chaotic advection™ has been coined by Aref [9, 10] who realized that
advection equations for two-dimensional flows may have a Hamiltonian form. For
incompressible planar flows, the velocity components can be expressed in terms of
a stream function. The equations of motion (1.3) have now the Hamiltonian form

dx I¥Y  dy oV

E :u(xay7t): ay > E_v(xvy?[): E’ (1.4)

with the stream function ¥ playing the role of a Hamiltonian. The coordinates (x, y)
of a particle are canonically conjugated variables. All time-independent one-degree-
of-freedom Hamiltonian systems are known to be integrable. It means that all fluid
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