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Abstract 
 
This study presents the wave run-up height and depression depth around offshore cylindrical structures accord-

ing to the wave period. The present study employs the volume of fluid method with the realizable   turbulence 
model based on a commercial computational fluid dynamics software called the “STAR-CCM+” to simulate a 3D 
incompressible viscous two-phase turbulent flow. The present results for the wave run-up height and depression 
depth with regard to the wave period are compared with those of the relevant previous experimental and numeri-
cal studies. 
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1. Introduction  

Offshore cylindrical structures are greatly affected by the marine environment, such as wave, tidal current, 

and wind. The wave-generated fluidic load has a crucial effect on structural safety. Accordingly, the grasp 

of the structural safety of the offshore cylindrical structure in extreme environmental conditions has been 

increasing. 

Wave run-up and air gap are acting as important design parameters in the field of offshore plant, for 

which a numerical analysis is actively performed (Lee et al., 2013; Nam et al., 2013). 

This study performs a calculation for the wave run-up phenomenon acting on a circular cylinder, which is 

the general form of the offshore structure columns. Three conditions among the benchmark study condi-

tions for a single circular cylinder implemented in the 27th ITTC Ocean Engineering Committee (OEC) 

were selected (27th ITTC Proc., 2014) to analyze the characteristics of the wave run-up depending on the 

change in the wave height in a certain incident wave cycle. 

Table 1 shows the specification of the model cylinder with a scale ratio of 50.31447. Figure 1 and Table 2 

illustrate the wave probe position. The starting point of the coordinate system (x, y) herein is set to be simi-

lar to the center position of the circular cylinder. The numerical analysis technique considered in this study  
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Table 1 Principal particulars of the single circular cylinder 

 Diameter [m] Draft [m] 

Model 0.318 0.477 

 

Table 2 Coordinate system of the wave probes 

Model 

 X [m] Y [m]  X [m] 

WPB#1 0.1631 0.0000 WPO#1 0.3180 

WPB#2 0.1153 0.1153 WPO#2 0.2249 

WPB#3 0.0000 0.1631 WPO#3 0.0000 

WPB#4 −0.1153 0.1153 WPO#4 −0.2249 

WPB#5 −0.1631 0.0000 WPO#5 −0.3180 

 

was verified by comparing the data with the test result of the Korean Research Institute of Ships and Ocean 

Engineering. The wave run-up phenomenon, which varies depending on the wave condition, was analyzed 

based on the verified numerical analysis technique (Sung et al., 2007). 

2. Numerical Analysis Method 

2.1  Governing Equation and Numerical Analysis Method 

This study numerically analyzes the wave run-up acting on a single circular cylinder by using Star-CCM+, 

which is a widely used program based on the finite volume method. The governing equation considered in 

this study was the mass and momentum conservation equation of a 3D unsteady incompressible fluid. The 

continuity equation of which is shown in Eq. (1). The Reynolds-averaged Navier–Stokes equation used to 

analyze the turbulent flow is presented in Eq. (2). 
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Fig. 1 Wave probe placement on and around the cylinder 
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 (2) 

 

In the equation,  represents the fluid density;  denotes time;  is the fluid speed;  denotes the 

pressure;  is the fluid viscosity coefficient; and  represents the gravity acceleration. 
′′ in Eq. (2) 

is the Reynolds stress term, which was analyzed using a realizable  turbulent flow model in this study. 

The partially filled fluid was considered as a two-phase fluid with phases different from each other. The 

volume of fluid technique was used to trace the fluid interface. More details on the abovementioned numer-

ical analysis method can be found on the Star-CCM+ user guide. 

2.2 Analysis Model and Grid System Construction 

Figure 3 shows the numerical analysis domain and the boundary condition. Figure 3 illustrates the grid 

system construction. The structure was installed at position 1λ, away from the inlet side. The outlet side 

was at position 4λ away from the structure. The damping technique was applied from position 2λ, away 

from the back of the structure. The distribution of the grid numbers per wavelength and wave height was 

selected considering the aspect ratio (longitudinal grid size/perpendicular grid size) and minimization of 

numerical damping. About 150 grids per wavelength and 20 per wave height were applied (Kim and Lee, 

2014). 

 

 
Fig. 2 Computational domain 

 

 

Fig. 3 Grid system 
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 Table 3 Wave conditions for the model cylinder 

 T = 7 s 

  = 

1/30 

Case T07S130 

 [m] 1.519 

 [m] 0.051 

  = 

1/16 

Case T07S116 

 [m] 1.519 

 [m] 0.095 

  = 

1/10 

Case T07S110 

 [m] 1.519 

 [m] 0.152 

 

2.3 Incident Wave Conditions 

The incident wave conditions were considered by selecting three conditions among the benchmark study 

conditions implemented in the 27th ITTC OEC (Table 3). 

2.4 Verification of the Numerical Analysis Technique 

Figure 4 shows a comparison of the results of this study and those of the test on the wave height gauge 

position and the change in the free water surface height with time under the T07SI30 condition. The wave 

height was measured 10 cycles after the wave was stabilized. Figures 4(a) and (b) show the free water sur-

face heights measured at two points in front of the incident wave. Figure 4(c) shows the free water surface 

height measured in the shoulder part of the cylinder. The result of this numerical analysis well reproduces 

the free water surface height and the cycle change as a whole, irrespective of the position, where the wave 

height is measured. 

3. Analysis Result 

3.1 Comparison of the Wave Run-up in the Surroundings of the Structure Depending on the Wave 

Height Change 

The wave run-up characteristics were analyzed for the three conditions, with different wave heights un-

der a constant cycle. Table 4 shows the results. We checked the wave run-up characteristics by considering 

the maximum wave height measured using the wave height gauge WPB #1. Consequently, we confirm that 

the wave run-up increases together with wave height increase when the wave cycle is the same. 

 

 Table 4 Comparison of the results at the highest wave run-up 

Condition Wave probe Wave run-up [m] 

T07S130 WPB #1 0.04410 

T07S116 WPB #1 0.09290 

T07S110 WPB #1 0.19011 
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(b) 

 

 

(c) 

 

Fig. 4 Comparison of the present results with the experimental data: (a) WPB #1, (b) WPO #1, and (c) WPB#2 

4. Conclusion 

We verified herein the numerical analysis technique of the wave run-up. We also measured the wave run-

up generated by the waves with the same cycle and different wave heights based on the verified numerical 

analysis technique. The following conclusions were obtained through this: 

(1)  Using a wave height gauge located in front provides an analysis result with a higher accuracy than 

using a wave height gauge located at the side or back. Accordingly, additional systematic studies on 

the evaluation of the grid dependency and the analysis domain should be conducted to improve the 

analysis accuracy. 

(2)  The wave run-up phenomena in diverse wave height conditions appear to be the biggest in the wave 

height gauge located in front. 

(3)  At a fixed cycle, the higher the wave height, the more the wave run-up phenomenon increases. 

We plan to perform future studies on the wave run-up phenomena at diverse cycles and wave heights and 

when the number of structures is two or more. 
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