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Fig. 1. Horizontal exciting force on the cylinder for 
Fn=0.1 and Fn=-0.1. Symbols are used to denote 
the contribution of both U and U2.
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Fig. 3. Horizontal exciting force on the cylinder for 
Fn=0.2 and Fn=-0.2. Symbols are used to denote 
the contribution of both U and U2.
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Fig. 5. Free surface elevation using only linear 
current component. 
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Fig. 2. Contribution of the second-order 
perturbation component on the horizontal exciting 
force on the cylinder for Fn=0.1 and Fn=-0.1.
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Fig. 4. Contribution of the second-order 
perturbation component on the horizontal exciting 
force on the cylinder for Fn=0.2 and Fn=-0.2.
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Fig. 6. Free surface elevation using both linear and 
nonlinear current components. 
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The low-frequency quadratic transfer function (QTF) is defined as the second-order wave loads occurring
at the frequency (∆ω) equal to the difference (ω1−ω2) of two wave frequencies (ω1, ω2) in bichromatic waves.
Its classical formulations are examined by an analysis based on the development of QTF in a power expansion
with respect to ∆ω. The term associated with ∆ω is then formulated and analyzed. It is shown that the new
formulation can easily be implemented in usual panel methods solving the first- and second-order problems
of wave diffraction and radiation.

1. Classical formulations of QTF

The quadratic transfer function (QTF) of low-frequency wave loads F(ω1, ω2) is composed of two distinct
parts : one dependent only on the quadratic products of first-order wave fields and another contributed by
the second-order incoming and diffraction potentials.

F(ω1, ω2) = Fq(ω1, ω2) + Fp(ω1, ω2) (1)

The first part Fq can be written in the way presented in Chen (2006a) :
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as integration over the hull H and along the waterline Γ in their mean position. In (2), φ stands for the
first-order velocity potential and φn = ∇φ · n the normal derivative of φ on H. The subscripts ( 1, 2)
represent the quantities associated with the wave frequencies (ω1, ω2), respectively, while the superscript

∗

indicates the complex conjugate.

The formulation (2) derived from Eq.27 in Chen (2006a) obtained by applying the two variants of Stokes’
theorem given in Dai (1998) to the classical near-field (pressure-integration) formulation as in Pinkster (1980),
is compact and used here to show the development of new formulations. It is directly applicable to force
components in horizontal directions. The extension to other components is direct and omitted here.

The second part Fp is expressed in the way by Molin (1979) :
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in which the first term in the hull integral corresponds to the second-order Froude-Krylov component con-

tributed by the incoming wave potential φ
(2)
I defined by :

φ
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with A written :
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where we have used the notations (a1, a2) and (k1, k2) standing for the wave amplitudes and wavenum-
bers associated with (ω1, ω2) via the dispersion equation k1,2 tanh k1,2h = ω2

1,2/g with the waterdepth h,
respectively, while the wave heading with respect to the positive x-axis is denoted by β.

The second term in the hull integral of (3) and the term defined by the integral over mean free surface F
come from the application of Haskind relation and represent the contribution of the second-order diffraction
potential, as shown in Molin (1979). The terms (NH ,NF ) are the second members of the boundary conditions
satisfied by the second-order diffraction potential on the hull H and the mean free surface F , respectively.
They are written as :
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