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Abstract Due to the strong nonlinear characteristics of fluid viscosity, it is very difficult to obtain
accurate values for the roll damping of ships and floating offshore structures theoretically, numerically,
or experimentally. This study calculated the viscous shear force acting on the surface of a circular
cylinder according to the initial rotation angle and radius of the cylinder. In particular, the viscous shear
force was calculated by rotation period through the theoretical formula for viscous shear force on the
surface of the circular cylinder during the forced oscillation of the cylinder. Subsequently, the study
compared the calculated viscous shear force with the viscous roll damping value for the cylinder
measured using a newly designed experimental device. Additionally, the pure shear force on the surface
of the circular cylinder was measured by installing the cylinder vertically in a water tank to perform a
model test, and the change in the torque according to the forced oscillation of the cylinder was closely
observed. Even though the viscous shear force acting on the surface of the circular cylinder was very
small, the shear force derived from the theoretical formula and experiments, respectively, agreed very
well. Thus, the effectiveness and accuracy of the theoretical formula and the experimental method were
verified. Finally, through the results of the study, a theoretical and experimental foundation for pure
viscous roll damping from a new perspective was laid, and through the verification, the understanding
level of the floating body roll damping phenomenon was raised to the next level.
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where, 7 denotes shear stress, p denotes fluid

density, C; denotes friction coefficient, V,
denotes shear rate.
i
T=—mp \/;RgLHOwQ @)
where, p denotes fluid density, v denotes

dynamic viscosity, R denotes radius of circular
cylinder, L denotes length of circular cylinder, 6,
denotes initial rotation angle, w denotes angular

frequency.
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Fig. 1. Change of torque value by period of forced
oscillation based on the theoretical formula
(= 0.01 cm?/s, a= 30 cm, L= 70 cm)
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Fig. 2. Torque value for each rotation period
according to the initial rotation angle
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Fig. 6. Schematic diagram of viscous roll damping
experimental device(upper) and real model
test device(lower)
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Table 1. Main particulars of square tank and circular

cylinder
Item Square tank Circular cylinder
Length (m) 0.9 -
Width (m) 0.9 -
Height (m) 0.9 0.7
Diameter (m) - 0.6

ARA Yol A2 gAY 249 FAES 3
AF71+s T8 AEEEH9 Az g3 ol
Table 20 YePISt EFAAME AETES}L AT
g Atojof] AEH(coupling)e °l-&sto] AALdst
Fal AL AZL NI(National Instrument)AF2] DAQ
Al2~Hl(Data Acquisition System)= ©]-8-5}3 L.

Table 2. Specifications of torque sensor and servo motor

Item Torque sensor Servo motor
Type Strain gauge type -
Power - Max. 0.85 kW
M t
easuremen Max. +50 N-m B
range

Shape

Manufacturer Kistler
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