Discourse: Hydrodynamic mass (= Added mass)
A body oscillating in water encounters hydrodynamic forces that in turn influence its motion behaviour. For ideal fluids and for some simple shapes, this hydrodynamic interaction can be computed analytically. For real ship geometries, it is usually determined by panel methods.
For constant velocity there is no force on a deeply submerged body. However, for instationary motions there is a resulting force even in ideal fluids. As an example we consider a circular cylinder of infinite length, i.e. a two-dimensional problem:
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[image: image2.wmf])

(

)

(

t

x

x

u

&

=

. In a body-fixed coordinate system we describe the potential in cylindrical coordinates as:
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The free constant A is determined by the boundary condition: no water penetrates the cylinder wall. In other words, the radial velocity of a particle at the cylinder wall must equal the velocity of the cylinder in this direction:
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(2)

The pressure is given by the linearized Bernoulli equation:

[image: image5.wmf]j

r

f

r

cos

R

u

t

p

R

r

inst

&

=

¶

¶

-

=

=









(3)

This antisymmetric pressure distribution on the body surface results in a force in the x direction (per unit length) which is directed opposite to the acceleration 
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The hydrodynamic force is proportional to the acceleration. In essence, the body becomes ‘more sluggish’ than in air, just as if its mass has increased. The factor of proportionality has the dimension of mass per length:
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m” is the added mass, also called hydrodynamic or virtual mass. In this case it is of the same magnitude as the displacement of the cylinder. For reasons of symmetry the hydrodynamic mass for this body is the same for all accelerations normal to cylinder axis.
For two-dimensional cross-sections, analytical solutions exist for semicircles. Conformal mapping then also yields solutions for Lewis sections which resemble ship sections (Lewis (1929)). Usually added mass and damping are given as non-dimensional coefficients, e.g. the heave added mass m33 (per length of an infinite cylinder) is divided by the mass displaced by a semicircle of the same width as the section:
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m22  correspondingly denotes the sway added mass. The cause for the damping lies in the radiated waves. The energy per time and cylinder length of the radiated waves of complex amplitude h is:
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(7)

The initial factor 2 accounts for waves radiated to both sides. This energy must be supplied by the motion of the cylinder:
time average of  
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 denotes the ratio of amplitude of the radiated waves and the motion amplitude:
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This ratio is used for the non-dimensional description of the damping constant n33 and in similar form for n22. 
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