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Figure 1 (Color online) Sketch of the numerical wave tank.
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Figure 2 (Color online) Comparison between theory and numerical
free surface elevation at the location of 3 m away from wavemaker
boundary.
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Figure 3 (Color online) Errors of free surface elevation between the
theoretical and numerical results of different grids. (a) The influence of
points per wave length; (b) the influence of points per wave heigth.
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Figure 4 (Color online) The influence of near-wall grid on the wave
force.
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Figure5 (Color online) Complex free surface flow around the cylinder
(Re=3.36x10).
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Figure 6 (Color online) Comparison between numerical and experi-
mental pressure at five monitoring points.
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Figure 7 (Color online) Sketch of computing mesh of middle area of
wave tank. (a) Tow view; (b) side view.
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Figure 8 (Color online) Comparison between numerical and theoreti-
cal results. (a) Free surface elevation; (b) inline force.
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Figure 9 (Color online) Pressure force induced by viscous effect. (a)
Inline force calculated by N-S equation and Euler equation respectively;
(b) inline viscous force.
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Table 2 Wave parameters and structure scales
KRR (m) W = H (m) W Hk (m™) IK R kh RED/L Re Ke
0.60 0.06 3.133 1.88 0.0025 8.5x107 37.7
0.60 0.06 3.133 1.88 0.005 1.7x10° 18.9
0.60 0.06 3.133 1.88 0.01 3.4x10° 9.42
0.60 0.06 3.133 1.88 0.02 6.8x10° 4.71
0.60 0.06 3.133 1.88 0.05 1.7x10* 1.88
0.60 0.06 3.133 1.88 0.10 3.4x10* 0.94
0.60 0.06 3.133 1.88 0.15 5.1x10* 0.63
0.60 0.06 3.133 1.88 0.20 6.8x10* 0.47
0.60 0.06 3.133 1.88 0.30 1.0x10° 0.31
30.0 3.00 0.0628 1.88 0.0025 3.0x10° 37.7
30.0 3.00 0.0628 1.88 0.005 6.0x10° 18.9
30.0 3.00 0.0628 1.88 0.01 1.2x10° 9.42
30.0 3.00 0.0628 1.88 0.02 2.4x10° 4.71
30.0 3.00 0.0628 1.88 0.05 6.0x10° 1.88
30.0 3.00 0.0628 1.88 0.1 1.2x107 0.94
30.0 3.00 0.0628 1.88 0.15 1.8x107 0.63
30.0 3.00 0.0628 1.88 0.2 2.4x107 0.47
30.0 3.00 0.0628 1.88 0.3 3.6x107 0.31
- . Ke o o S AR T RERRIIB AL X2 R R /MO R
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3sT P AL SR, I HA 55 I ) 35 3% $Re=3.0x10,
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Figure 10  (Color online) The radio of viscous force y versus D/L and
Kc number.
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Figure 11 (Color online) Wave force and FFT analysis.

Re=8.5 10°-3.4" 10°, D/L is (a) 0.0025; (b) 0.005; (c) 0.01.
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Figure 12 (Color online) Wave force and FFT analysis.
Re=3.0 10°-1.2" 10°%, D/L is (a) 0.0025; (b) 0.005; (c) 0.01.
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Figure 13  (Color online) x varies with scale parameter D/L.
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Figure 15  (Color online) Numerical results of vortex. (a) N-S equation; (b) Euler equation (D/L=0.005,Re=6 10°).
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Figure 16 (Color online) Runup in front of cylinder and drowdown behind it (The color represents the dimensionless surface elevation, Elevation/D).

(a) D/L=0.0025; (b) D/L=0.005.
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Scale effect on wave force characteristics of the structures
supporting offshore wind turbines

CHEN Ling"?, ZHOU JiFu'"”" & WANG Xu'’
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Chinese Academy of Sciences, Beijing 100190, China;
* School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China

In order to meet the pressing requirements of large-capacity offshore wind turbines, the scale of foundation structures
tends to be larger and larger. These large structures may be hydrodynamically neither small scale nor large scale. For
this type of intermediate scale structures, it is significant for offshore wind turbine design to figure out the wave force
composition and the calculation method. This paper establishes a numerical wave tank, and analyzes wave force on
a vertical circular cylinder by numerical simulation. By solving the Navier-Stokes equations and the Euler equations
respectively, the viscous force and inertia force are separated reasonably. Furthermore, the law of viscous force and inertia
force varying with the scale of cylinder is discussed. Finally, the significant scale intervals of marine structures and their
wave force calculation methods are given.

wave force, viscous effect, diffraction effect, intermediate scale, numerical wave tank
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