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In this study we investigate an analytical model of nonlinear Faraday waves
in a Hele-shaw cell. This configuration bounds the flow between two parallel
flat plates separated by a small gap, effectively reducing the dimensions of the
problem, and allowing two-dimensional like flows to be explored experimentally
and theoretically.

In 1831, Michael Faraday discovered that if a layer of liquid is placed on
top of a vertically oscillating piston, a pattern of standing waves appears which
oscillates at half the driving frequency. Although Faraday waves are well-known
and comprehensively studied, recent discoveries continue to present new find-
ings. In 2011, Rajchenbach [4] observed two types of non-linear standing waves
with patterns of even and odd symmetry, through parametric excitation of wa-
ter waves in a Hele-Shaw cell. Since two-dimensional odd standing waves had
never been reported before, it drew particular interest.

In contrast to Faraday waves in unbounded flows, in a Hele-Shaw cell one
must address the complexity of the capillary motion arising from the small scale
of the gap size between the two close walls. Such a hydrodynamic model was
suggested by Hamraoui [2]. In addition, Rajchenbach [4] did not address the
effects of the surface tension and a more sophisticated model was developed by
Li [3], taking this into account. To analyze this model, we used a perturbation
technique of multiple-scale analysis to derive an amplitude equation that will
describe the dynamics of the waves.

Our purpose in this project is to provide a detailed mathematical formulation
for the nonlinear model that had been reported by Rajchenbach [4]. The project
at hand aims at gaining a better understanding of the Hele-Shaw models that
were demonstrated by Li [3], and to review fundamentals studies of Faraday
waves such as Benjamin and Ursell [1].
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