Derive Vibration: Hydrodynamic mass of a vibrating plate 2-d
Consider a plate infinite in x direction and orthogonal to the plane of the paper. 
[image: image1.emf]
The plate vibrates in a standing wave as follows:
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There is an ideal fluid above the plate. (Fluid viscosity can generally be neglected in plate vibration for ships.)

Let's derive the expression for the hydrodynamic mass for a plate strip of length 2a and width (orthogonal to the paper plane) b. 

The ideal fluid assumptions allow application of potential flow theory. The field equation for the potential ( in the fluid domain (y ( 0) is the Laplace equation:
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We apply the following boundary conditions:

· There is no flow through the plate surface at y=z(x,t). We assume small vibration amplitudes and linearize then the boundary condition:
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· Far away from the plate the fluid is at rest:
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One can expect that the potential ( follows a similar expression as for the plate deflection z. We thus set:
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f(y) is an amplitude function yet to determine.

Inserting this expression into the Laplace equation yields:
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This ordinary differential equation of 2nd order with constant coefficients has the following solution:
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Inserting this expression in the differential equation above yields:
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The boundary condition for 
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 excludes the positive value for k. We have then:
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Inserting this expression into the no-penetration boundary condition yields:
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Thus we have determined the flow potential:
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The pressure follows from the Bernoulli equation:
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We neglect the second term on the r.h.s. as quadratically small. The fourth term on the r.h.s. is the hydrostatic term, which can be also neglected for plate vibrations. The constant on the l.h.s. is irrelevant here since only the pressures oscillating harmonically over x contribute to the integral for the hydrodynamic mass. This leaves the relevant pressure fluctuation:
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Inserting the expression for ( yields the pressure amplitude at y = 0:
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We insert here 
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 in the fundamental equation for the added mass and have only one deflection form q corresponding to our initial expression of deflection:
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The scalar expression for q represents a deflection up, while the normal vector points down.

We integrate then over one plate strip of length 2a (wave length) and width b:
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The integration used:
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