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Added mass in the presence of density stratification
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Abstract:
Added mass represents the additional inertia experienced by a body as it moves through a fluid, owing to the flow that this
motion generates within the fluid. Being involved in the energy and impulse of the fluid, together with the dipole strength
of the body and the hydrodynamic force exerted on it, added mass characterizes the flow both globally and locally. When
the fluid can support the propagation of waves, inertial added mass, a real number at any given frequency, is complemented
by an imaginary part associated with wave drag.

The concept of added mass is extended to stratified fluids and internal gravity waves. The stratification is assumed uniform,
the fluid inviscid, the waves linear and the Boussinesq approximation valid. The added mass coefficients of two oscillating
bodies, an elliptic cylinder in two dimensions and a spheroid of vertical axis in three dimensions, are determined based on
results obtained with the boundary integral method [1]. Fourier inversion allows the frequency variations of the coefficients
to be interpreted as a new memory integral for the force exerted on the body, with kernel represented in Fig. 1.
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Figure 1: Memory kernel for the oscillations either horizontal (left) or vertical (right) of a spheroid of vertical axis, axial
length 2b, transverse diameter 2a and aspect ratio ε = b/a, as a function of time t. The buoyancy period is denoted as T ,
and the added mass coefficients of the spheroid in the absence of stratification as C∞

x,z.

Two applications are discussed: the wave energy, of particular importance for the internal tide, in whose context it is known
as conversion rate [2]; and buoyancy oscillations, namely the free oscillations by which a displaced body returns back to
equilibrium, of particular importance for midwater floats [3, 4, 5, 6]. These theoretical results are compared to experiment
for two types of buoyancy oscillations: those undergone by a sphere displaced from its neutral buoyancy level then released
[7, 8, 9, 10]; and the oscillations of a ludion or Cartesian diver [11]. The influence of viscosity at high Stokes number is
discussed, together with the relation to measurements of added mass by the impulse response method (see [12, 13] and the
references therein).
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