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A Study on the Motions in Waves
of High-speed Catamarans with Hydrofoils
(1st Report)

by Ken Shimizu, Member Junshi Takashina, Member
Kazuo Masuyama, Member

Summary

The motions in waves of high-speed catamarans with hydrofoils were studied through both non-
linear computer simulation and towing tank tests. The category of the ships of our interests is
characterized by a set of fully submerged hydrofoils whose dynamic lift support the majority of the ship
weight and a set of catamaran hulls whose displacement gives the support for the rest of the ship weight -
as well as the longitudinal and lateral stability. We describe the longitudinal motions in head and
following waves in this first report. The time-domain non-linear computer simulation was based on the
strip method for the forces and moments on the hulls, For the dynamic lift of the hydrofoils, the
unsteady components stemming from the wave orbital velocity and the ship motions were considered
in the quasi-steady way. The simulation results showed good agreements with the towing tank tests in
general. Through the simulation runs and the tank tests for the ship Froude number of 1.0 and the wave
length to ship length ratios from 1.0 to 4.0, the motions in following waves were found to be significantly
larger than those in head waves. In the high following waves (H.,/L=0.06), the fore hydrofoil went out
of the water in the downward slopes of the waves and the ship showed large non-linear motions. This
kind of wild motions in following waves are described to be a natural tendency of the ships of the
subject category. In order to suppress the large motions, we tried controlling the angle of attack of the
hydrofoils by feeding the pitch angle and the pitch rate back. Both the simulation and the tank tests
showed significant effects of the control. The amplitudes of the pitching motions were reduced to about
30% of those under no control both in head waves and in following waves. Finally, we studied the
effects of the hydrofoil configuration with the simulation. Although the studied cases dis not show good
improvements of the wild motions in following waves, the developed simulation program in a good tool
for designing this kind of ships considering the motions in waves. In the second report, we intend to
survey the motions of six degrees of freedom in the waves from various directions.
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Fig.1 Coordinate Systems for the Simulation
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Fig.2 Configuration of the Model

Table 1 Principal Particulars of the Model

Ship Length
Ship Breadth
Hydrofoil Span
Chord Length of Fore Hydrofoil
Chord Length of Aft Hydrofoil

Long. Position of Aft Hydrofoil
Long. Center of Gravity
Displacement

Long. Position of Fore Hydrofoil

24 m
0.8 m
0.6m

0.07m

0.11 m
1.8 m from Aft End
0.2 m from Aft End
0.9 m from Aft End
70 kg
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Table 2 Conditions for the Experiments and Simulation

Ship Froude Number
Ship Speed
Wave Directions
Wave Length to Ship Length Ratios
Wave Height to Ship Length Ratios
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Table 3 Alternative Hydrofoil Configurations

Case Fore Foil Dimensions
Z X Span
Original 0.00m 1.80m 0.6m
A -0.07 m 1.80m 0.6m
B 0.00 m 1.35m 0.6m
C 0.00m 1.80m 02mx2
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Fig.16 Non-dimensional Peak-to-peak Amplitudes of
Motions under Alternative Foil Configurations
(A/L=2, Hw/L=0.06)
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