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A Study on Viscous Effects of Roll Damping for Multi-Hull High-Speed Craft

by Toru Katayama, Member

Tomoki Taniguchi, Student Member

Summary

The roll damping plays a very important part of amplitude of roll motion in resonance and trigger of parametric rolling of a ship.
Since the viscous damping components are usually dominant in the roll damping, the theoretical calculation is difficult for
predicting it. A method of predicting roll damping of a conventional cargo ship proposed by Ikeda, et al. is widely used and it has
been also applied to high speed slender vessels, small hard-chine vessels, barge vessels etc..

In this paper, the characteristics of roll damping of two types of multi-hull vessel, high speed catamaran and trimaran, whose vessel
is different from above mentioned is investigated experimentally. A forced roll motion test is carried out with and without forward
speed, and their characteristics are investigated. Moreover, a simplified prediction method of roll damping of multi-hull vessel is

proposed..
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Table I Principal particulars of the wave piercing catamaran

model.
overall length : Lo, [m] 1.41
length between perpendiculars : Lpp [m] 1.32
breadth : B [m] 0.38
breadth between hulls : B, [m] 0.265
depth : D [m] 0.07
draft of catamaran : d [m] 0.04
displacement : /7 [N] 41.8
height of the center of gravity : XG [m] 0.144
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Table 2 Principal particulars of the trimaran model.
trimaran
main hull | side hull
L/B=12 | L/B=10.2
overall length: Ly, [m] 1.500 0.888
length between perpendiculars: L, [m] 1.420 0.774
breadth: B [m] 0.125 0.044
breadth between main and side hulls:
0.089
B, [m]
depth: D [m] 0.1 0.0709
draft: d [m] 0.037 0.012
displacement: W[N] 29.2 0.78 X2
height of the center of gravity: KG[m] 0.156
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Fig.1 Effects of roll amplitude on-roll damping coefficient of

the catamaran without forward speed.
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Fig.2 Effects of roll amplitude on roll damping coefficient of

the trimaran without forward speed.
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Fig.3 Observation of wave profile between hulls of the

catamaran.

Fig4 Observed punching phenomenon against the catamaran

cross deck at 7=0.46, ¢, =4deg.

Fig.5 Observation of wave profile between hulls of the trimaran

at 7=0.6, ¢,=5deg.
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Fig.6 Observation of vortex shedding around side-hull of the

trimaran from aft section of side-hull.
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Fig.7 Effects of roll amplitude on roll damping coefficient of

the catamaran with forward speed.
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Fig.8 Effects of forward spee‘d on roll damping coefficient of

the catamaran.
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Fig.9 Effects of roll amplitude on roll damping coefficient of

the trimaran with forward speed.
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Fig.10 Effects of forward speed on roll damping coefficient of

the trimaran.
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Fig.11 Assumed profile of pressure distribution on demi-hull.
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Fig.13 Roll damping of the catamaran at 7=0.46[sec.].
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Fig.14 Roll damping of the catamaran at 7=0.9[sec.].
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B . Friction component. O : Measured. — : Estimated.
By 1 Wave making component. B y4m* Roll damping coefficient of main hull.
Byt Eddy making component. By g1 Wave making component of side hull.
B, :  Lift component. By._g: Friction component of side hull.

By_g: Eddy making component of side hull.
: Lift component of side hull.

B
Fig.15 Roll damping of the catamaran at 7=1.5[sec.]. LS

Fig.19 Roll damping of the trimaran at 7=0.6[sec.].
"B44 ¢a=5, 7=0.8
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Fig.16 Wave profile between hulls for the catamaran at Fn=0.16,
T=0.46[sec.].

<& Measured. — 1 Estimated.
B y4m* Roll damping coefficient of main hull,
By._s: Wave making component of side hull.
By_g: Friction component of side hull.
By _g: Eddy making component of side hull.
B;_¢: Lift component of side hull.

Fig.20 Roll damping of the trimaran at 7=0.8[sec.].
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Fig.17 Wave profile between hulls for the catamaran at Fn=0.31,
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B4 Roll damping coefficient of main hull.
By, st Wave making component of side hull.
Bp_s: Friction component of side hull.
Byt Eddy making component of side hull.
Fig.18 Wave profile between hulls for the catamaran at Fr»=0.64, By 5t Lift component of side hull
T=0.46[sec.]. Fig.21 Roll damping of the trimaran at 7=1.2[sec.].
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