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A Study of Ship Wave Crest Pattern
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Abstract : Kelvin’s (1887) theory that predicts position of ship wave crest can be applied only in deep water.
Havelock’s (1907) theory that predicts cusp locus angle can be applied in whole water depths but cannot predict the
position of ship wave crest. In this study, using the linear dispersion fully, we develop the equations to predict ship
wave crest in whole water depths and, using the developed equations, we predict cusp locus angle. We simulate ship
wave propagation using FLOW-3D in the condition of Johnson’s (1985) hydraulic experiment and find that the cusp locus
angles predicted by the present theory are close to numerical results of FLOW-3D and hydraulic experimental data. We
also simulate for various conditions and compare numerical results of distances between adjacent wave crests and values
predicted by the present theory. For Froude number less than unity, the numerical results are close to the values predicted
by the theory. For Froude number greater than unity, the constant value of C, which determines the distance between the
ship and the first ship wave crest is almost equal to zero and the numerical results of distances between adjacent ship
waves excluding the first ship are close to the values predicted by the theory.

Keywords : equations for ship wave crest, cusp locus angle, whole water depths, numerical simulation using FLOW-3D
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Fig. 1. Ship wave crest pattern (Kelvin, 1887): (a) detailed shape of
diverging and transverse waves, (b) propagation of wave
components from the source to the crest.
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Fig. 3. Variation of relative water depth with ship wave angles
when Froude number is given.
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Fig. 5. Location of cusp locus point from the ship (Havelock,

1908).
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Table 1. Ship dimensions for Johnson's (1958) hydraulic experiment
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Fig. 6. Variation of cusp locus angles with Froude number: solid line = present theory, dot = FLOW-3D solution, dashed line with triangle

= Havelock’s (1908) theory, plus= Johnson’s (1958) experiment.
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Fig. 7. Variation of distances between adjacent transverse ship
wave crests (0= 0°) with Froude number: (a) 1st ship wave,
(b) mean value excluding 1st ship wave.

dimensions magnitude (unit: m)
length (L) 17.1
width (B) 5.5

draft (D) 2.0
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Fig. 8. Comparison of ship wave crest patterns for Froude number
less than unity, (a) F,=0.66, U= 6.5 m/s, kh>0.724 x, (b)
F.=0.86, U=85m/s, kh>0.3427; red solid line =

present theory, yellow dashed line = Kelvin’s (1887) theory,
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greater than unity, (a) F,=1.21, U=12.0 m/s, kh>0.003 7,
(b) Fr=1.51, U=15.0m/s, kh>0.002 7; red solid line =
present theory, white dot = FLOW-3D solution.

Fig. 11. RMSE (%) of distance of ship wave crest point from the
source point for ship waves excluding 1st wave; (a) trans-
verse wave, (b) diverging wave.
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