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Abstract 
This numerical study investigated the influence of the heave plate's diameter on the amplitude 
of the transitional motions of a Marine Circular Cylinder (MCC) with a low aspect ratio under 
the marine current and regular waves. Due to the experimental model of the straked MCC, 
different diameters of the circular heave plate were chosen to be installed at the keel of the 3-
straked MCC. In this numerical study, the diameter of the heave plate varied from 1.2DMCC to 
1.6DMCC, while other parameters, such as reduced velocity (VR), Reynolds (Re) number, and 
Froude number, were kept constant. In this study, the transitional motions, including surge, 
sway, and heave, were analysed. The results showed that increasing the heave plate’s diameter 
decreased the amplitude of the transitional motions in both marine current and regular waves. 
Also, the finding revealed that the heave plate not only reduced the amplitude of the heave 
motion but also decreased the amplitude of surge and sway motions. Moreover, the outcomes 
indicated that the heave plate's diameter increased by approximately 20-40% more than the 
MCC’s diameter. This caused the smaller amplitude of the transitional motions under both 
marine currents and regular waves. 

Keywords: Marine circular cylinder (MCC), Circular heave plate, Transitional motions, 
Marine current, Regular waves, Numerical modeling. 
 

1. Introduction 
This study uses numerical simulation to explore the potential advantages and efficiency of 
using both a heave plate and a strake plate to suppress the transitional motions of a Marine 
Circular Cylinder (MCC). Hence, to provide a comprehensive analysis, the literature review of 
each component, heave plate and strake plate, will be separately discussed and examined. 
Hence, a clearer understanding of their characteristics and potential synergies can be gained, 
ultimately contributing to advancing knowledge in this area. 

1.1. Heave plate 

Recent studies have indicated that using the heave plates in offshore structures effectively 
minimizes the transitional motions and the Vortex-Induced Motion (VIM) response of the 
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MCCs by Gonçalves et al., (2020, 2022, and 2023), due to the non-dimensional parameters, 
such as the Keulegan-Carpenter (KC) number, frequency (β), and reduced velocity (VR) 
(Halkyard et al., 2002; Ishihara et al. 2009; Lam et al. 2010; Li et al. 2013; Liang et al. 2018; 
Jang et al. 2019). Lake et al., (2000) conducted experimental research to examine the effects 
of using attached and unattached heave plates at the keel of the MCC on the heave motion. The 
results showed that attaching heave plates at the keel of the MCC increased the hydrodynamic 
coefficients of the structure. Then Thiagarajan et al., (2002) conducted a study using both 
numerical simulations and experimental research to investigate the effects of heave plates with 
different diameters on reducing heave motion. The study found that using heave plates 
improved the hydrodynamic coefficients compared to the bare MCC. Additionally, increasing 
the heave plate’s diameter decreased the heave motion by increasing the hydrodynamic 
coefficients. Also, Tao and Cai, (2004) performed a numerical study on an MCC with a heave 
plate. They found that the added mass at the keel was equivalent to a sphere with the diameter 
of the heave plate. Moreover, Sudhakar and Nallayarasu (2011) conducted an experiment to 
study the impact of marine currents on the MCC. They compared the motion of the platform 
with and without a heave plate using the ANSYS-AQWA. The results showed that the heave 
plate increased the heave damping and added mass coefficients of the structure by trapping a 
significant amount of water at the keel of the MCC. The study suggested that an optimal 
response was achieved when the heave plate’s diameter was 20-40% larger than the MCC’s 
diameter (DHP=1.2-1.4DMCC).   

Sudhakar and Nallayarasu, (2013 and 2014) tested models of the MCC with different 
configurations, including a bare MCC and an MCC with different diameters of heave plate at 
the keel under regular waves. The results showed that increasing the heave plate’s diameter by 
20-30% compared to the MCC’s diameter resulted in the greatest reduction in the heave 
response of the MCC. Then Li et al., (2013) investigated the effects of a heave plate on the 
heave motion of an MCC. They conducted model tests and numerical simulations, which 
confirmed that the heave plate effectively decreased the amplitude of the heave motion and 
improved the platform's stability. Tian et al., (2013) conducted a study on a heave plate that 
was oscillating in water to examine the impact of various parameters on its hydrodynamic 
performance. The results showed that the heave plate could generate significant hydrodynamic 
forces. The shape of the heave plate influenced hydrodynamic coefficients, with round, 
octagon, and hexagon plates having similar added mass coefficients, while the square plate had 
a lower added mass coefficient. Nallayarasu and Bairathi, (2014) conducted a study to evaluate 
the heave response of the MCC with a circular heave plate. The outcomes revealed that the 
presence of the heave plate had a positive effect on the hydrodynamic coefficients and 
significantly reduced the heave motions of the MCC. In addition, Lopez-Pavon et al., (2014) 
and Lopez-Pavon and Souto-Iglesias (2015) conducted experimental and numerical research 
to examine the impact of different circular heave plate configurations on the hydrodynamic 
coefficients under constant environmental conditions. The results showed that the simple heave 
plate exhibited higher values of added mass and damping compared to the reinforced heave 
plate.  

Subbulakshmi et al., (2015) explored the numerical simulation about the impact of the heave 
plate’s diameter on the heave Response Amplitude Operation (RAO) response of an MCC. The 
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finding indicated that the incorporation of the heave plate at the keel of the MCC decreased the 
heave RAO response by 33% and 37% at the DHP/DMCC of 1.2-1.3 and 1.4-1.5, respectively. 
Then Subbulakshmi and Sundaravadivelu, (2016 and 2021) carried out experimental and 
numerical research to investigate the effect of the diameter ratio (heave plate diameter to MCC 
diameter, DHP/DMCC) and position of the heave plates. The findings revealed that increasing the 
diameter ratio from 1 to 2 leads to an increase in added mass, resulting in a decrease in the 
heave RAO response and the most effective position for a single heave plate is at the keel of 
the MCC (Yue et al., 2020; Rao et al., 2021; Ali et al., 2021). In addition, Moreno et al., (2016) 
conducted numerical and experimental research to determine the hydrodynamic coefficients of 
different shapes of heave plates. Circular, hexagonal, and square shapes were chosen for the 
study and attached to the keel of an MCC. The results showed that the hydrodynamic 
coefficients were influenced by the heave plate geometry. Both the hexagonal and circular 
heave plates experienced higher hydrodynamic coefficients compared to the square heave 
plate.  

Zhu and Lim, (2017) conducted experimental research to evaluate the effect of the heave plate’s 
diameter on the hydrodynamic coefficients of an MCC. The results demonstrated that 
increasing the diameter of the heave plate was found to be more effective in reducing the heave 
RAO response of the MCC. The heave RAO response of the MCC with an optimal diameter 
(DHP/DMCC = 1.2-1.4) was 40% less than the bare MCC. Then Gonçalves et al., (2020, 2022, 
and 2023) investigated the impact of different heave plate designs on reducing the transitional 
motions and VIM response of an MCC with a low aspect ratio. The study focused on the effects 
of the heave plate’s diameter on the hydrodynamic coefficients of the MCCs. The results 
showed that increasing the heave plate’s diameter increased the hydrodynamic coefficients. 
The most effective heave plate’s diameter for reducing In-Line (IL) and Cross-Flow (CF) 
displacement was found to have diameter ratios of (DHP/DMCC = 1.20-1.60).  Additionally, 
Mello et al., (2019 and 2021)'s research indicated that changes in the diameter of heave plates 
had the greatest impact on added mass and damping coefficients, which caused a reduction in 
the heave RAO response of the MCC. Zhang and Ishihara, (2018 and 2020) carried out a 
numerical simulation to study the hydrodynamic forces acting on a circular heave plate. They 
used the Large-Eddy Simulation (LES) and Volume of Fluid (VOF) methods to model the 
Fluid-Structure Interaction (FSI). The results showed that the MCC with a heave plate had less 
heave motion compared to the bare MCC.  

Ciba, (2021) and Ciba at el., (2022) performed numerical and experimental research to evaluate 
the hydrodynamic coefficients of an MCC with a heave plate. They utilized the Free Decay 
Test (FDT) and Computational Fluid Dynamic (CFD) methods with STAR-CCM+ software in 
both experimental and numerical research. The results showed that the MCC with the heave 
plate experienced lower heave motion due to induced damping and added mass coefficients in 
the governing equation. Furthermore, Ali et al., (2021) showed that the heave damping of the 
MCC increased by up to 49% when the heave plate, which had a size of 1.3-1.4DMCC, was 
added to the keel of the MCC. Finally, Hegde and Nallayarasu, (2022 and 2023) performed 
experimental and numerical research to calculate the hydrodynamic characteristics of an MCC 
using different heave plate configurations. It was found that the optimal location for the heave 
plate was at the MCC's keel. Increasing the diameter ratio (DHP/DMCC) resulted in higher added 
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mass and heave damping coefficients and led to a decrease in the heave RAO response of the 
MCC. 

 

1.2. Strake plate 
Finn et al., (2003) conducted studies on an MCC to reduce the VIM response by using strake 
plates. The research showed that using the str  ake plates on the MCC’s hull significantly 
reduced the VIM phenomenon in the structure. The optimal strake plate had a height of 10% 
to 14% of the MCC’s diameter by Irani and Finn (2004). Then DeMerchant et al., (2005) 
utilized numerical modeling to investigate MCC's VIM response and fatigue under the strong 
marine currents in the Gulf of Mexico (GoM). The findings showed that increasing the height 
of the strake plates to an optimal value reduced both VIM and fatigue. The research conducted 
by Halkyard et al., (2005 and 2006) demonstrated that the CFD method can be used to predict 
the VIM and transitional motions in the MCCs. The simulation was done at a model scale of 
1:40, with a Re number ranging from 4×104 to 15×104 and a VR range of 3 to 11. The results 
showed that the VIM response was reduced by about 88% for the straked MCC compared to 
the bare MCC. Furthermore, Thiagarajan et al., (2005) conducted a study using the CFD 
method to investigate the impact of strake plates on reducing VIM response. The height of the 
strake plates was determined to be 13% of the MCC’s diameter, and the strake plates were 
symmetrically arranged at an angle of 120 degrees around the MCC’s hull. The results 
demonstrated that straked MCC resulted in a reduction in VIM response. The importance of 
incorporating additional details, such as chains, anodes, and tubes, and utilizing a fine mesh in 
the CFD method to ensure accuracy was discussed by Atluri et al., (2006).  

Tallavajhula et al., (2007) evaluated the effect of the strake plates on the VIM and fatigue 
damage of an MCC. The results revealed that the height, quantity, and pitch of the strake plates 
were crucial in mitigating VIM response and fatigue damage. Also, Irani and Perryman (2008 
and 2005) investigated the impact of VIM on an MCC, comparing the numerical and 
experimental results of a straked MCC and a bare MCC. The findings showed that strake plates 
reduced the VIM response of the MCC by preventing the formation of the vortex shedding 
behind the straked MCC. Wang et al., (2010) employed the CFD method to model the flow 
around the straked MCC. The height of the strake plates was set at 14% of the MCC’s diameter. 
Comparing the results of the bare cell MCC and the cell MCC with strake plates, it was 
observed that the strake plates altered the pressure distribution on the MCC’s hull. In the bare 
structure, the maximum pressure occurred at the back of the hull due to reverse flow, while in 
the straked MCC, the pressure in that area was significantly reduced, with the maximum 
pressure occurring on the strake plates. The study demonstrated that the use of strake plates 
effectively suppressed the VIM response by eliminating vortex shedding in the wake layer of 
the straked MCC. Then Ding and Li (2017) and Ding et al., (2017) performed numerical 
research on an MCC platform to study the effect of helical strake plates on the transitional 
motions of the MCC. The results showed that the reduction of the MCC’s RAO response was 
greatly depended on the strake’s height and pitch.  

Holland et al., (2017) used the Star CCM+ software and combined the Detached Eddy 
Simulation (DES) model with the Reynolds-Averaged Navier-Stokes (RANS) model to 
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evaluate vortex shedding patterns around the straked MCC. The findings showed that in the 
absence of strake plates, vortex shedding increased symmetrically, leading to structural 
vibrations. However, when strake plates were used on the MCC, vortex shedding decreased 
and occurred at the edges of the strakes, resulting in a less symmetrical shedding pattern and a 
reduced VIM response of the MCC. Furthermore, Carlson and Sadeghi (2018) conducted 
experimental research to investigate the VIM of an MCC. They used four different models of 
the MCC's hull, including a bare MCC, a fully straked MCC, an upper-straked MCC, and a 
lower-straked MCC. The findings showed that the MCC was covered by lower and fully 
straked MCC, the VIM response was significantly reduced, and the lock-in phenomenon did 
not occur. Fernandes et al., (2021) conducted a study to investigate the impact of a helical 
strake on Von Kármán vortex street in the marine environment. Findings demonstrated that the 
presence of strakes helped suppress the formation of vertex shedding in downstream by 
widening the wake layer and preventing interference between shear layers on the sides of the 
structure. Finally, Kharazmi and Ketabdari (2022) used a model developed by Finnigan and 
Roddier (2007) to numerically analyze and determine the optimal number and angles of strake 
plates on an MCC with a low aspect ratio. The findings revealed that a pattern consisting of 
three strake plates at 120 degrees has the best performance in reducing the amplitude of the 
transitional motions. 

 

2. Governing equation 
2.1. Free decay test (FDT) 

The equation for the free decay test (FDT) of an MCC under three transitional motions is as 
follows (Ciba et al., 2021; Ciba et al., 2022; Ciba et al., 2023): 

(𝑀𝑀 + 𝑀𝑀𝑎𝑎)𝐴̈𝐴+ 𝐶𝐶𝐴̇𝐴 + 𝐾𝐾𝐾𝐾 = 0 (1) 

𝐴̈𝐴 + 2𝜂𝜂𝐴̇𝐴 + 𝜔𝜔𝑛𝑛2𝐴𝐴 = 0 (2) 
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 (12) 
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𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝑑𝑑𝑡𝑡) (13) 

where, {X Y Z} represent the surge, sway, and heave motions of the MCC, the velocity vector 
�Ẋ Ẏ Ż� is the derivative of the position vector with respect to time in the X, Y, and Z 
respectively, and the acceleration vector �Ẍ Ÿ Z̈� is the second derivative of the position vector 
with respect to time in the X, Y, and Z respectively. 

 

2.2. Transitional motions 
The equation that describes the motion of an MCC under the marine current and regular waves 
is as follows (Agarwal and Jain, 2003 and Soeb et al., 2017): 
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[𝐾𝐾] =  [𝐾𝐾]𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + [𝐾𝐾]𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 (17) 

here, {X Y Z} represent the surge, sway, and heave motions of the MCC, {FX (t), FY (t), FZ (t)} 
are the total force on the MCC + Spring damper system in the surge, sway, and heave motions 
respectively, while the velocity vector �Ẋ Ẏ Ż� is the derivative of the position vector with 
respect to time, and the acceleration vector �Ẍ Ÿ Z̈� is the second derivative of the position 
vector with respect to time. The total mass [M] is concentrated at the center of gravity of the 
MCC’s mass and added mass. Also, the stiffness matrix [K] comprises of the elastic stiffness 
matrix and the geometric stiffness matrix. Moreover, the damping [C] consists of both 
structural and hydrodynamic damping, with the hydrodynamic effects being the main source 
of damping (Agarwal and Jain, 2003 and Soeb et al., 2017). 

𝜑𝜑𝑇𝑇[𝐶𝐶]𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = [2𝜉𝜉𝜔𝜔𝑖𝑖𝑚𝑚𝑖𝑖] (18) 

[𝑀𝑀𝑠𝑠 + 𝑀𝑀(∞)]𝑋̈𝑋(𝑡𝑡) + [𝐶𝐶]𝑋̇𝑋(𝑡𝑡) + [𝐾𝐾]𝑋𝑋(𝑡𝑡) = 𝐹𝐹𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 + 𝐹𝐹𝐻𝐻𝐻𝐻𝐻𝐻 + 𝐹𝐹𝑀𝑀 + 𝐹𝐹𝑒𝑒 (19) 

In this scenario, FH represents non-linear restoring forces, FMorison represents hydrodynamic 
forces caused by the inertia, drag force from waves, and current loading, M (∞) represents the 
added mass matrix, and Fe includes non-linear forces from the translational motion equations 
of the 3 DOF rigid MCC hull, with MS being its 3×3 mass matrix. The force on the mooring 
line (spring damper), FM, is accounted for in a consistent manner. The Morison's equation is 
considered sufficient for calculating hydrodynamic forces. The wave loads on the structure are 
determined by integrating forces along the free surface centerline from the bottom to the current 
position of the free surface (Agarwal and Jain, 2003 and Soeb et al., 2017). Wave theories are 
used to determine various aspects of waves in the sea, such as the motion and speed of water 
particles, the height and period of the waves, and the depth of the water. For this study, the 
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regular wave theory has been used to express the kinematics of particles as φ (Agarwal and 
Jain, 2003 and Soeb et al., 2017). 
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𝑤̇𝑤 =
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 =

2𝜋𝜋2𝐻𝐻
𝑇𝑇2

𝑠𝑠𝑠𝑠𝑠𝑠 𝑘𝑘(𝑧𝑧 + 𝑑𝑑)
𝑠𝑠𝑠𝑠𝑠𝑠 ℎ(𝑘𝑘𝑘𝑘) 𝑐𝑐𝑐𝑐𝑐𝑐(𝑘𝑘𝑘𝑘 − 𝜔𝜔𝜔𝜔) (24) 

which, H, k, T, 𝜔𝜔, and d correspond to the wave height, wave number, wave period, angular 
frequency, and water depth, respectively. Also, u and w are the horizontal and vertical 
velocities, 𝑢̇𝑢 and 𝑤̇𝑤 represent accelerations of the flow in the horizontal and vertical directions. 

 

3. Numerical implementation 

3.1. Experimental models 
Three different model scales have been constructed for the prototype of the straked MCC with 
a low aspect ratio as the Gulf of Mexico (GoM) spars. These models were built at the University 
of California (UC) at Berkeley, Force Technology (FT), and David Taylor Model Basin 
(DTMB) at the scales of 1:142.8, 1:65, and 1:22.3, respectively. The model built at the DTMB 
was chosen for this numerical study due to its large scale. Hence, Oakley et al., (2005 and 
2007) examined the effects of various components, such as strake plates, pipes, chains, and 
anodes, on a scaled model of a bare MCC. The study used a numerical modeling technique 
called DES to reduce computational costs. The results indicated that the presence of strake 
plates and other attachments influenced the VIM response and vortex patterns around the 
straked MCC. Additionally, Finnigan and Roddier (2007) demonstrated that more detailed 
models, whether in the laboratory or through numerical modeling, yielded more accurate 
results in measuring the amplitude of the transitional motions. The study aimed to compare the 
amplitude of the transitional motions of the MCC equipped with various components and strake 
plates at supercritical Re numbers. The results demonstrated that including components such 
as pipes, chains, and anodes in the model effectively mitigated the amplitude of the transitional 
motions of the MCC. Then Roddier et al. (2009) conducted experimental research to examine 
the impact of the Re number and the various components of an MCC’s hull on the VIM 
phenomenon. They tested three MCC models at different angles and reduced velocities (VR) to 
evaluate the effect of hull components and flow angles on the amplitude of the MCC’s motions. 
The findings showed that the performance of strake plates in reducing the VIM response 
depended on the flow angle. Also, the MCC's components played a noticeable role in 
suppressing the VIM response. Furthermore, Lefevre et al. (2012) conducted a numerical study 
on an MCC with strake plates, pipes, chains, and anodes to assess the amplitude of the surge 
and sway motions of the MCC. The study was modeled using CFD based on previous research 
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by Finnigan and Roddier (2007) and Roddier et al. (2009). The MCC’s hull and its components 
were meshed using both fine and coarse meshing. The results of the CFD simulation indicated 
that the finer meshing provided a more accurate response compared to the coarser meshing. 
Nevertheless, Fig. 1 shows different configurations regarding the placement of various 
components on the MCC’s hull. In the base case, all appurtenances such as chains, pipes, 
anodes, and strakes are present on the hull, as displayed in Fig. 1(a). Due to Fig. 1(b) in 
Variation-1, the chains and pipes are removed, but the model still includes strakes, anodes, and 
fairleads. Based on Fig. 1(c) in Variation-2, the bare MCC is only equipped with the three 
strakes with an angle of 120 degrees around the MCC. Finally, Fig. 1(d) displays a complete 
hull with the exception of anodes as Variation-3. 

    
(a) Base Case (b) Variation-1 (c) Variation-2 (d) Variation-3 

Fig. 1. Different models of the DTMB (Roddier et al., 2009 and Finnigan and Roddier, 2007). 

 

 

3.2. Numerical model 
In this numerical simulation, the chosen numerical model for testing is the DTMB at the scale 
of 1:22.3 (Variation-2), which was previously tested by Finnigan and Roddier (2007) and 
Roddier et al., 2009. Hence, the scaled model of the MCC has a diameter of 1.75 m and a draft 
of 2.95 m. These measurements correspond to a prototype diameter of 39 m and a draft of 65.8 
m. The MCC’s hull in this study is equipped with strakes, specifically a 3-strake plate with a 
height equal to 13% of the MCC’s diameter. All the CFD cases simulated in this study were 
performed using the CFD method with STAR-CCM+ software. For the FSI in this numerical 
research, the LES and VOF methods were utilised by Zhang and Ishihara, (2018 and 2020). 
According to Fig. 2, the flowchart shows how to model the architecture of numerical models 
from the first step until the conclusion and post-processing of the Star CCM+ outputs. As seen 
in Fig. 3, four spring dampers were utilised to present the catenary moorings of the structure. 
The dimensions and properties of the DTMB of the scaled model and the characteristics of 
different environmental conditions used in numerical modelling are outlined in Table 1 and 
Table 2, respectively (Finnigan and Roddier, 2007; Roddier et al., 2009; Lefevre et al., 2012). 
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Also, the coordinates of the regions and all the MCCs are stated in Table 3. As can be seen in 
Table 3, the coordinates of all MCCs are at the origin of the CFD coordinates. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BCs: Boundary Conditions. 

Fig. 2. The flowchart of the numerical modeling. 

  
(a) Top View (b) Side View 

Fig. 3. Spring system for the scaled model (Finnigan and Roddier, 2007 and Roddier et al., 2009). 
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Table 1. Structural parameters of the model (Finnigan and Roddier, 2007 and Roddier et al., 2009). 
Parameter Symbol Unit Value 

MCC’s diameter DMCC m 1.75 
MCC’s draft d m 2.95 

Mass M kg 7088.1 
Damping ratio η % 1.10 

Critical damping Co kg/s 255.2 
Scale ratio SR - 1:22.3 
Stiffness K N/m 2111.3 
Damping B kg/s 2.8 

Box Length LBox m 14.71 
Spring length LSpring m 9.15 

Ring Draft H0 m 1.77 
Force Gauge height H1 m 0.91 

Table 2. Characteristics of different environmental conditions used in numerical modeling . 
Condition Parameter Symbol Unit Value 

Marine Current Reduced velocity VR - 9.0 
Heading - degree 0.0 

Regular Wave Wave height H m 1.0 
Wave length L m 6.0 

Table 3. Characteristics of the defined parts in the CFD model. 

Parts 
Coordinate (m) Length  

(m) 
Width  

(m) 
Depth of water 

(m) 
Height of air 

(m) 1st point 2nd point 
Domain (-15,-15,-9.7) (30,15,9.7) 45 30 9.7 9.7 
Overlap (-6.0,-6.0,-6.5) (20,6.0,6.5) 26 12 6.5 6.5 
Overset (-4.0,-3.0,-4.0) (8.0, 3.0,4.0) 12 6.0 4.0 4.0 
MCCs (0,0,0) 1.75 1.75 2.95 - 

Based on Table 4, in this numerical modeling, seven models have been modeled on Rhino 
software and then imported into Star CCM+. These models focus on adding the circular heave 
plate at the keel of the straked MCC, with different diameters from 1.2DMCC to 1.6DMCC. The 
objective of this research was to analyze and determine the impact of the heave plate diameters 
on the amplitude of the transitional motions of the straked MCC under marine current and 
regular waves (Gonçalves et al. 2020, 2022, and 2023) . As shown in Fig. 4, this numerical 
modeling includes three strakes with an angle of 120 degrees around the MCC, and the heave 
plate is located at the keel of the MCC (Thiagarajan et al., 2005; Halkyard et al., 2005 and 
2006; Lefevre et al., 2012). Due to Fig. 5, the boundary conditions for all CFD simulations are 
defined as a velocity inlet condition is applied at the fluid domain inlet, a pressure outlet 
condition is defined at the domain outlet, symmetric boundary conditions are applied to both 
the lateral sides and top of the domain and the bottom and the MCCs are defined as the wall 
(Finnigan and Roddier, 2007; Roddier et al., 2009; Lefevre et al., 2012; Kharazmi and 
Ketabdari, 2022; Li et al., 2023).  

Table 4. The configurations of the numerical models. 
Name Configuration Description 

Model A Bare MCC DMCC= 1.75 m and dMCC= 2.95m 
Model B Straked MCC N= 3, θ= 120⁰, HS= 0.13DMCC, and γ= 0.5dMCC 
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Model C Straked MCC + Heave Plate N= 3, θ= 120⁰, HS= 0.13DMCC, DHP= 1.2DMCC, tHP= 
0.1DMCC, and γ= 0.5dMCC 

Model D Straked MCC + Heave Plate N= 3, θ= 120⁰, HS= 0.13DMCC, DHP= 1.3DMCC, tHP= 
0.1DMCC, and γ= 0.5dMCC 

Model E Straked MCC + Heave Plate N= 3, θ= 120⁰, HS= 0.13DMCC, DHP= 1.4DMCC, tHP= 
0.1DMCC, and γ= 0.5dMCC 

Model F Straked MCC + Heave Plate N= 3, θ= 120⁰, HS= 0.13DMCC, DHP= 1.5DMCC, tHP= 
0.1DMCC, and γ= 0.5dMCC 

Model G Straked MCC + Heave Plate N= 3, θ= 120⁰, HS= 0.13DMCC, DHP= 1.6DMCC, tHP= 
0.1DMCC, and γ= 0.5dMCC 

 

 

(a) Straked MCC (top view) (b) Straked MCC + Heave Plate (3D view) 
Fig. 4. The MCC with strake and heave plate . 

 
Fig. 5. The boundary conditions in the CFD simulation (Side view). 

In this study, five different mesh types, namely very fine mesh, fine mesh, base mesh, medium 
mesh, and coarse mesh, were utilized to show the mesh independence of the meshing process 
in the CFD. Table 5 illustrates the quantity of the total cells in the CFD’s mesh. Based on the 
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data presented in Table 5, after analyzing the maximum amplitude of the sway motion (A) per 
MCC’s diameter (Max A/DMCC), it was found that the very fine mesh, fine mesh, base mesh, 
medium mesh, and coarse mesh have the differences of 9.65%, 9.80%, 10%, 13%, and 19.5%, 
respectively under the marine current with reduced velocity (VR) of 8 and velocity inlet of 
0.853 m/s (UC=0.853 m/s). As can be seen in Fig. 6(a), due to the small difference in the 
accuracy of the result of very fine mesh and fine mesh with the base mesh, and also to reduce 
the computational cost in the process of numerical analysis which is illustrated in Fig. 6(b), the 
base mesh was chosen in the CFD simulation. Hence, the sizes of the base mesh for all regions 
and MCCs with different heave plate diameters are given in Table 6 (Lefevre et al., 2012, 
Kharazmi and Ketabdari, 2022). In addition, the base mesh configuration in different areas, 
such as Domain, Overlap, and Overset is depicted in Fig. 7. Moreover, the base mesh around 
the MCC and the arrangement of the strake plates due to the marine and wave directions is 
illustrated in Fig. 8. 

Table 5. Mesh independency in the CFD’s simulation. 
Type Total cells Max A/DMCC Error (%) 

Very Fine Mesh 24 × 106 0.333 9.65 
Fine Mesh 16 × 106 0.334 9.80 
Base Mesh 8 × 106 0.335 10.00 

Medium Mesh 6 × 106 0.345 13.00 
Coarse Mesh 4 × 106 0.367 19.50 



13 of 39 
 
 

 

 
(a) Percentage of error 

 
(b) Computational cost of completed run 

Fig. 6. Comparison of error percentage and computational cost in defined meshes under VR=8. 

Table 6. Size of the base mesh of the regions and parts in the CFD. 

Part 
Size (m) 

Minimum  Target  Maximum  
Domain region 0.5 0.5 0.5 
Overlap region 0.25 0.25 0.25 
Overset region 0.0625 0.0625 0.0625 

Bare MCC 0.0625 0.0625 0.0625 
Bare MCC + Strake 0.015625 0.015625 0.015625 

Straked MCC + Heave plate 0.015625 0.015625 0.015625 
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Fig. 7. The base mesh in the different regions of the CFD method (top view). 

 
Fig. 8. The base mesh near the MCC (top view). 

The Overset mesh was established for this computational configuration. This type of meshing 
is utilized to divide a computational domain into multiple meshes that overlap each other in an 
arbitrary manner. It is most efficient for problems involving large movements and optimization 
studies where the geometry can be enclosed within an Overset region and positioned 
differently. The Overset mesh approach connects regions by exchanging data between acceptor 
cells in one region and specially marked active cells (donor cells) in another region. A typical 
Overset simulation consists of a Domain region that envelops the entire solution domain and 
an Overset region that surrounds the MCC. The outer surface of the Overset region is defined 
as an Overset boundary. To connect these two regions (Domain and Overset), STAR-CCM+ 
employs a hole-cutting process, marking cells in the Domain region inactive if their solution 
solely comes from the Overset region. Within both Domain and Overset regions, several layers 
of overlapping cells participate in the data exchange process. The solution is computed 
simultaneously for all active cells in all regions, meaning the meshes are implicitly coupled. 

Wave Direction 

Current Direction 
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When referring to the value of a variable in an acceptor cell from one region, a combination of 
variable values at donor cells from another region is used to provide the value. This value is 
directly reflected in the coefficient matrix of the equation system. This tight coupling between 
the Domain and Overset regions allows for a solution with minimal iteration errors. The 
convergence rate of the iterative solution method is, therefore, similar to that of a single mesh 
with the same resolution. For all cases, the Y+ value was maintained between 0 and 30 in the 
extruded mesh near the wall surfaces. Extruded mesh layers were employed to capture the 
boundary layer around the MCC. The hybrid wall treatment, known as the "All Y+" treatment, 
was used to smoothly blend a low Re wall treatment with a high Re wall function. Five different 
mesh resolutions were employed: coarse, base, medium, fine, and very fine meshes. Due to the 
results in Fig. 6, the base model exhibits good convergence and was selected for this 
computational setup (Wang et al., 2010; Lefevre et al., 2012; CD-adapco, 2013; Kharazmi and 
Ketabdari, 2022).  

Hence, checking the validity and quality of the CFD’s mesh, there are several factors to 
consider. These factors include Chevron quality, Cell quality, Face validity, and Skewness 
angle, which are illustrated in Fig. 9(a)~(d). Due to Fig. 9(a), the Chevron quality refers to the 
arrangement of cells in the CFD’s mesh. It determines how well the cells are aligned and 
connected to each other. A zero Chevron quality means that the cells are well-aligned and 
connected in the CFD’s mesh, the zero Chevron quality resulting in a more accurate 
representation of the flow in the simulation. As can be seen in Fig. 9(b), the Cell quality is a 
measure of the shape and size of each individual cell in the CFD’s mesh. Ideally, the Cell 
quality should be one, the lowest value in this numerical calculation is equal to 0.35, which is 
an acceptable value for CFD’s mesh. Face validity indicates how well the faces of adjacent 
cells in the mesh are connected to each other. The faces should be properly aligned and should 
not have any overlaps or gaps by adjusting this value by one, which is displayed in Fig. 9(c). 
Based on Fig. 9(d), the Skewness angle measures the distortion or deviation from perfect 
orthogonality between the faces of adjacent cells. Lower Skewness angles indicate better 
quality, as they represent a more orthogonal or perpendicular arrangement of faces in the mesh. 
The maximum acceptable value of the Skewness angle is 85, and the maximum value of this 
factor in this CFD‘s mesh is 70 (CD-adapco, 2013).  
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(a) Chevron quality (b) Cell quality 

  
(c) Face validity (d) Skewness angle 

Fig. 9. Checking the validity and quality of the CFD’s mesh. 
 

3.3. Validation 

3.3.1. Reduced Velocity (VR) 
The numerical results obtained in this study were validated against the experimental data 
obtained in a previous study (Finnigan and Roddier, 2007 and Roddier et al., 2009), ensuring 
the accuracy and reliability of the computational model. Based on Table 7 for the 3-straked 
MCC was simulated under different reduced velocities (VR), while other parameters, such as 
mesh size, boundary conditions, and time steps were constant (Van Dijk et al., 2003). Due to 
Fig. 10, the present model was validated in the experimental tests under different values of VR 
in the sway motion by the maximum amplitude of the sway motion (A) per the MCC’s diameter 
(DMCC) at different values of VR. As can be seen in Table 8, the maximum and minimum errors 
have occurred at the VR of 7 and 9. To evaluate the amplitude of the transitional motions of the 
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straked MCC with different configurations of heave plates, the reduced velocity of 9 was 
chosen in the marine current condition. The error values in this present work might be due to 
the different placement of the strakes around the MCC due to the experimental and numerical 
research (Finnigan and Roddier, 2007; Roddier et al., 2009; and Kharazmi and Ketabdari, 
2022).  

Table 7. The characteristics of the marine currents (Lefevre et al., 2012). 
Reduced velocity (-) Froude number (-) Re number (-) Inlet velocity (m/s) 

5.0 0.13 8.6e+05 0.56 
6.0 0.15 1.0e+06 0.64 
7.0 0.18 1.2e+06 0.746 
8.0 0.21 1.4e+06 0.853 
9.0 0.23 1.5e+06 0.9593 

 
Fig. 10. The validation of the present model for the experimental test under marine current. 

Table 8. The error values under different reduced velocities (VR). 
Reduced velocity (VR) Experimental (Roddier et al., 2009) Present model Error (%) 

5 0.110 0.122 -11 
6 0.226 0.203 10 
7 0.262 0.230 12 
8 0.370 0.335 10 
9 0.440 0.414 6 

 

3.3.2. Natural period 
In this research, the results from both approaches showed that the platform with the heave plate 
experienced lower heave motion due to induced damping and added mass coefficients in the 
governing equation. Hence, in the FDT of this research, the initial vertical displacement was 
obtained by specifying the initial velocity of V0 = -1 m/s in each direction (Ciba, 2021 and Ciba 
et al.. Based on Roddier et al., (2009), due to the similarity between the spring systems and 
models, the natural periods of surge and sway align effectively. As can be seen in Fig. 11, the 
FDT of the bare MCC, 3-straked MCC, and 3-straked MCC+ heave plate with a diameter of 
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1.4DMCC under the transitional motions was done. Hence, including the heave plate at the keel 
of the straked MCC decreased the amplitude of the transitional motions, which is more 
noticeable in the heave motion. This reduction is attributed to the introduction of the added 
mass and damping coefficients into the dynamic equations. Due to Takata et al., (2022), the 
results showed that incorporating heave plates led to an increase in natural periods compared 
to the bare MCC. The inclusion of heave plates decreased the amplitude by around 15-25% 
and 45-55% in the surge/sway and heave motions, respectively. The natural periods of the 
structure, as determined by the FDT, are stated in Table 9 (Ali et al., 2021; Murdjito et al., 
2021; Ciba et al., 2022). Based on Fig. 12, the difference in natural period between the 
experimental and numerical results for the surge and sway motion is 1.2%. 

 
(a) Surge and Sway motion 

 
(b) Heave motion 

Fig. 11. The results of the FDT with the initial velocity. 

Table 9. The natural period of the models. 
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Surge and Sway 
Bare MCC - 12.50 

3-Straked MCC 16.40 16.60 
3-Straked MCC+1.4D - 17.00 

Heave 
Bare MCC - 4.00 

3-Straked MCC - 4.30 
3-Straked MCC+1.4D - 6.35 

 
Fig. 12. The results of natural period of the present model and experimental of Roddier et al., (2009). 

 

4. Numerical results 

4.1. Marine current 
In order to investigate the numerical models under the marine current due to experimental tests 
(Finnigan and Roddier, 2007, Roddier et al., 2009, and Lefevre et al., 2012), we employed a 
marine current with a VR of 9. Subsequently, we analysed the amplitude of the transitional 
motions of surge, sway, and heave in the models, which can be found in Table 4. 

4.1.1. Surge motion 

As can be seen in Fig. 13(a), the results of the surge motion demonstrate that the presence of a 
strake plate has reduced the surge motion in comparison to the bare MCC. Additionally, due to 
Fig. 13(b)~(f), the inclusion of a heave plate located at the keel of the straked MCC has 
noticeably decreased the surge motion. Based on the numerical models described in Table 4, it 
can be concluded that heave plates with diameters ranging from 1.3DMCC to 1.4DMCC have 
acceptable performance in reducing the surge’s amplitude. Based on Fig. 13(a)~(f), the 3-
straked MCC+ heave plate with a diameter of 1.4DMCC showed the most effective performance 
in reducing the surge’s amplitude of the structure. 
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(a) Bare MCC and 3-Straked MCC (b) Bare MCC and 3-Straked MCC+1.2DMCC 

  
(c) Bare MCC and 3-Straked MCC+1.3DMCC (d) Bare MCC and 3-Straked MCC+1.4DMCC 

  
(e) Bare MCC and 3-Straked MCC+1.5DMCC (f) Bare MCC and 3-Straked MCC+1.6DMCC 

Fig. 13. The results of the surge motion under the marine current. 

-90

-60

-30

0

30

60

90

0 40 80 120 160 200 240

Am
pl

itu
de

 (c
m

)

Time (s)

BareMCC 3StrakedMCC

-90

-60

-30

0

30

60

90

0 40 80 120 160 200 240

Am
pl

itu
de

 (c
m

)

Time (s)

BareMCC 3StrakedMCC+1.2D

-90

-60

-30

0

30

60

90

0 40 80 120 160 200 240

Am
pl

itu
de

 (c
m

)

Time (s)

BareMCC 3StrakedMCC+1.3D

-90

-60

-30

0

30

60

90

0 40 80 120 160 200 240

Am
pl

itu
de

 (c
m

)

Time (s)

BareMCC 3StrakedMCC+1.4D

-90

-60

-30

0

30

60

90

0 40 80 120 160 200 240

Am
pl

itu
de

 (c
m

)

Time (s)

BareMCC 3StrakedMCC+1.5D

-90

-60

-30

0

30

60

90

0 40 80 120 160 200 240

Am
pl

itu
de

 (c
m

)

Time (s)

BareMCC 3StrakedMCC+1.6D



21 of 39 
 
 

4.1.2. Sway motion 

The findings shown in Fig. 14(a)~(f) indicated that the strake plate and heave plate have 
lowered the amplitude of the sway motion compared to the bare MCC. Furthermore, the 
numerical outcomes showed that the inclusion of a heave plate positioned at the keel of the 
MCC has reduced the sway motion’s amplitude. According to the numerical models presented 
in Table 4, it can be inferred that models of 3-straked MCC+1.2DMCC, 3-straked MCC+1.4DMCC, 
and 3-straked MCC+1.5DMCC, provided acceptable results in reducing the sway’s amplitude of 
the structure. The most effective performance in decreasing the amplitude of the sway motion 
under marine current with a VR of 9 is 3-straked MCC+ heave plate with a diameter of 1.4DMCC, 
as can be observed in Fig. 14(d). 

  
(a) Bare MCC and 3-Straked MCC (b) Bare MCC and 3-Straked MCC+1.2DMCC 

  
(c) Bare MCC and 3-Straked MCC+1.3DMCC (d) Bare MCC and 3-Straked MCC+1.4DMCC 
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(e) Bare MCC and 3-Straked MCC+1.5DMCC (f) Bare MCC and 3-Straked MCC+1.6DMCC 

Fig. 14. The results of the sway motion under the marine current. 
 
 

4.1.3. Heave motion 
As shown in Fig. 15(a), the presence of a strake plate has decreased the amplitude of the heave 
motion in comparison to the bare MCC. Moreover, incorporating the heave plate with a 
different diameter at the keel of the 3-straked MCC greatly reduced the heave motion’s 
amplitude, as evident in Fig. 15(b)~(f). Referring to the numerical models specified in Table 
4, it is observed that models D and E, where the diameter of the heave plate ranges from 
1.3DMCC to 1.4DMCC, represent superior performance in decreasing the amplitude of the heave 
motion of the structure. Due to the results, the 3-straked MCC+ heave plate with 1.4DMCC has 
the best behavior in decreasing the heave motion’s amplitude of the straked MCC. 
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(c) Bare MCC and 3-Straked MCC+1.3DMCC (d) Bare MCC and 3-Straked MCC+1.4DMCC 

  
(e) Bare MCC and 3-Straked MCC+1.5DMCC (f) Bare MCC and 3-Straked MCC+1.6DMCC 

Fig. 15. The results of the heave motion under the marine current. 
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motion. The results revealed that the 3-straked MCC+ heave plate with 1.3DMCC demonstrated 
the most effective model in reducing the amplitude of the surge motion under the regular waves. 

  
(a) Bare MCC and 3-Straked MCC (b) Bare MCC and 3-Straked MCC+1.2DMCC 
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(e) Bare MCC and 3-Straked MCC+1.5DMCC (f) Bare MCC and 3-Straked MCC+1.6DMCC 

Fig. 16. The results of the surge motion under the regular waves. 
 

4.2.2. Sway motion 
The results depicted in Fig. 17(a) demonstrated that the utilization of a strake plate has 
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amplitude of the sway motion. Therefore, the 3-straked MCC+ heave plate with a diameter of 
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when subjected to regular waves. 
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(c) Bare MCC and 3-Straked MCC+1.3DMCC (d) Bare MCC and 3-Straked MCC+1.4DMCC 

  
(e) Bare MCC and 3-Straked MCC+1.5DMCC (f) Bare MCC and 3-Straked MCC+1.6DMCC 

Fig. 17. The results of the sway motion under the regular waves. 
 
 

4.2.3. Heave motion 
The presence of a strake plate had an effect on reducing the heave motion’s amplitude of the 
3-straked MCC compared to the bare MCC, which is illustrated in Fig. 18(a). By using the 
heave plate with different diameters at the keel of the MCC, there was a significant reduction 
in the amplitude of the heave motion, as shown in Fig. 18(b)~(f). Hence, the 3-straked MCC+ 
1.3DMCC has the best performance in reducing the amplitude of the heave motion of the straked 
MCC under regular waves. 
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(a) Bare MCC and 3-Straked MCC (b) Bare MCC and 3-Straked MCC+1.2DMCC 

  
(c) Bare MCC and 3-Straked MCC+1.3DMCC (d) Bare MCC and 3-Straked MCC+1.4DMCC 

  
(e) Bare MCC and 3-Straked MCC+1.5DMCC (f) Bare MCC and 3-Straked MCC+1.6DMCC 

Fig. 18. The results of the heave motion under the regular waves. 
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4.3. Summary of the transitional motions 
The optimal configuration for both marine current and regular waves models can be found in 
Table 10. Based on the information provided in Table 10, the 3-straked MCC + heave plate 
with a diameter of 1.4DMCC (model E), demonstrated the most effective performance in 
reducing the amplitude of surge, sway, and heave motions caused by marine currents. 
Regarding the regular waves in Table 10, the model D (3-straked MCC+ heave plate with a 
diameter of 1.3DMCC) had the best performance in reducing the amplitude of surge and heave 
motions, while the model E (3-straked MCC+ heave plate with a diameter of 1.4DMCC) had the 
best performance in reducing the sway’s amplitude of the MCC. In general, it can be concluded 
that model C, model D, and model E (MCC+3-strake+1.2-1.4DMCC) are the most suitable 
models for reducing the amplitude of the surge, sway, and heave motions of the MCC in the 
two states of marine current and regular waves. 

Table 10. The summary of the current and regular waves in numerical results. 

Condition VR 
(-) 

UC  
(m/s) 

Wave Motion Model 
Amplitude (m) Length (m) Good Best 

Marine current 9 0.9593 - - Surge C to E E 
Marine current 9 0.9593 - - Sway C to F E 
Marine current 9 0.9593 - - Heave C to E E 
Regular wave - - 0.5 6 Surge C to E D 
Regular wave - - 0.5 6 Sway C to G D and E 
Regular wave - - 0.5 6 Heave C to E D 

 

4.4. Cross-flow (CF) and In-Line (IL) displacements 
According to Table 10, model E (3-satraked MCC+ heave plate with a diameter of 1.4DMCC) 
had the best performance in reducing the amplitude of the three transitional motions under the 
marine current with VR of 9. Hence, the +CF and +IL displacements of the bare MCC and 
model E are displayed in Fig. 19. Based on Fig. 19(a)~(b), the utilization of the heave plate and 
strake plates in the MCC has reduced the amplitude of the CF and IL displacements, while the 
period of the structure has increased compared to the bare MCC. Also, according to Table 10, 
it can be inferred that model D (consisting of the 3-straked MCC and heave plate with a 
diameter of 1.3DMCC) displayed the most effective performance in reducing the amplitude of 
the three transitional motions under the regular waves with a 0.5-meter amplitude and a 6-meter 
wavelength. Consequently, the displacements of +CF and +IL for both the bare MCC and 
model D will be presented in Fig. 20. According to Fig. 20(a)~(b), the use of the heave plate 
and strake plates in the MCC has decreased the CF and IL displacements, as well as increased 
the structure's period compared to the bare MCC. 
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(a) +IL displacement (b) +CF displacement 

Fig. 19. The +IL and +CF displacements of the bare MCC and the 3-straked MCC+1.4DMCC under 
marine current with a VR=9. 

  
(a) +IL displacement (b) +CF displacement 

Fig. 20. The +IL and +CF displacements of the bare MCC and the 3-straked MCC+1.3DMCC under 
regular waves. 

 
4.5. Von Kármán vortex street 

The Von Kármán vortex street is a phenomenon that occurs when fluid flow past a bluff body, 
such as an MCC. This creates a series of swirling vortices that form in a staggered arrangement 
downstream of the MCC. These vortices alternate in direction and are shed at a particular 
frequency. According to the research conducted by (Hwang et al., 2003; Sun et al., 2020; 
Bandizadeh Sharif et al., 2023), flow-induced vibration (FIV) suppression devices prevent the 
formation of the Von Kármán vortex street in downstream of the structure. Therefore, Fig. 21 
demonstrates the impact of the strake plate on the shear layer of an MCC in the wake at a Re 
number of 1×104. Hence, the illustration in Fig. 21(a)~(b) reveals that the configuration of the 
strake plates has enlarged the wake's width, leading to the prevention of the Von Kármán vortex 
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street by eliminating the interference between the two shear layers along the sides of the MCC 
in the downstream region of the MCC (Banerjee et al. 2021). Based on the latest research 
(Nguyen et al., 2023; Liu et al., 2023; Yawar et al., 2023; Pang et al., 2023; Yuan et al., 2023), 
as can be seen in Fig. 21(b), the Von Kármán vortex street has been eliminated in the 3-straked 
MCC. Due to Fig. 22(a)~(c), the presence of the strake plates has the greatest impact on 
eliminating this phenomenon, as they cause significant changes in the flow separation angle in 
the wake layer and prevent the interaction of the shear layers on both sides of the MCC at 
downstream. Ultimately, this leads to the removal of the Von Kármán vortex street at 
downstream of the 3-straked MCC. The outcomes of the numerical analysis demonstrated that 
the presence of the heave plate impacted the suppression of the VIM phenomenon. Also, an 
increase in the height of the heave plate (referred to as skirt height by Gonçalves et al., 2020) 
has resulted in a noticeable decrease in the vortex shedding’s strength in downstream of the 
structure. Hence, the effect of a 3-straked MCC+ heave plate with a skirt height is suggested 
for future work. 

  
(a) Bare MCC (b) 3-Straked MCC 

 
Fig. 21. The shear layers at downstream of the MCC at the Re number of 1×104. 

 
(i) Bare MCC 

 
(ii) 3-Straked MCC 

(a) Time = t + (10 × Time step = 0.001) 

Non-Interference Region 
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(i) Bare MCC 

 
(ii) 3-Straked MCC 

(b) Time = t + (20 × Time step = 0.001) 

 
(i) Bare MCC 

 
(ii) 3-Straked MCC 

(c) Time = t + (30 × Time step = 0.001) 

 
Fig. 22. The flow pattern at the downstream of the MCC under the Re number of 1×104. 

 

5. Conclusion 
This numerical study aimed to explore the impact of the heave plate's diameter on the amplitude 
of the transitional motions of a 3-straked MCC with a low aspect ratio under the marine current 
and regular waves. Different heave plate configurations were simulated, with varying diameters 
while keeping other factors constant. The results showed that increasing the heave plate's 
diameter reduced the amplitude of the transitional motions. The use of a strake plate had an 
effect on reducing the amplitude of surge, sway, and heave motions, and the effect of using the 
heave plate was not specific to heave motion. Hence, with an optimal diameter of the heave 
plate at the keel of the 3-straked MCC, it is possible to reduce the amplitude of the surge and 
sway motions. According to Table 10, 3-straked MCC+ heave plates with diameters of 
1.2DMCC-1.4DMCC had an acceptable performance in reducing the amplitude of the transitional 



32 of 39 
 
 

motions of the 3-straked MCC under both marine currents and regular waves. Hence, this 
numerical study showed that the effect of the strake plate is not only in reducing the amplitude 
of surge and sway motions but also the strake plate reduces the amplitude of heave motion. 
Also, the heave plate does not only have an effect on decreasing the amplitude of the heave 
motion but using an optimal diameter of the heave plate causes a noticeable reduction in the 
amplitude of the surge and sway motions. Nevertheless, the strake plates play a crucial role in 
mitigating the vortex shedding phenomenon by substantially altering the flow separation angle 
in the wake layer. This alteration effectively prevents the interaction of the shear layers on both 
sides of the MCC in the downstream.  
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Nomenclatures: 
The following symbols are used in this paper: 
Ȧ0: Initial velocity at t=0 
u̇: Horizontal acceleration (m/s2) 
ẇ: Vertical acceleration (m/s2) 
Ẍ: Acceleration in the surge direction 
Ẋ: Velocity in the surge direction 
Ÿ: Acceleration in the sway direction 
Ẏ: Velocity in the sway direction 
Z̈: Acceleration in the heave direction 
Ż: Velocity in the heave direction 
𝜌𝜌𝑤𝑤: Fluid density (kg/m3) 
𝜔𝜔𝑑𝑑: Damping angular frequency (rad/s) 
𝜔𝜔𝑛𝑛: Natural angular frequency (rad/s) 
A(t): Free decay response 
A: The maximum amplitude of the sway motion 
A0: Initial displacement at t=0 
C: Damping coefficient (N.s/m) 
C0: Critical damping coefficient (N.s/m) 
Cx: The damping in the X direction (N.s/m), 
Cy: The damping in the Y direction (N.s/m) 
Cz: The damping in the Z direction (N.s/m) 
d: Depth (m) 
DHP: Heave plate diameter (m) 
dMCC: Draft of the MCC (m) 
DMCC: MCC’s diameter (m) 
Fx(t): The force in the X direction (N) 
Fy(t): The force in the Y direction (N) 
Fz(t): The force in the Z direction (N) 
H: Wave height (m) 
H0: Ring draft (m) 
H1: Force gauge height (m) 
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HS: Strake’s height (m) 
K: Stiffness of the structure (N/m) 
K: Wave number  
Kx: The stiffness of the structure in the X direction (N/m) 
Ky: The stiffness of the structure in the Y direction (N/m) 
Kz: The stiffness of the structure in the Z direction (N/m) 
L: Wave length (m) 
LBox: Box length  
LSpring: Spring length (m)  
M: Mass of the structure (kg) 
Ma: Added mass (kg) 
N: Number of the strake 
SR: Scale ratio  
SWP: Water plane area (m2)  
Td: Damping period (s) 
tHP: Thickness of the heave plate (m) 
Tn: Natural period (s) 
u: Horizontal velocity (m/s) 
UC: Velocity inlet of the marine current (m/s) 
VR: Reduced velocity (-) 
w: Vertical velocity (m/s) 
X: Surge motion 
Y: Sway motion 
Z: Heave motion 
γ: Strake’s pitch   
η : Damping ratio 
θ: Strake angle (degree) 
𝑎𝑎 : Amplitude (m) 
𝜇𝜇: Dynamic viscosity (kg/m. s) 
𝜈𝜈: Kinematic viscosity (m2/s) 
 

Abbreviations: 
The following symbols are used in this paper: 
CF direction: Cross-Flow direction  
CFD: Computational Fluid Dynamics 
DES: Detached Eddy Simulation 
DTBM: David Taylor Basin Model 
FDT: Free Decay Test 
FIV: Flow-Induced Vibrations  
FSI: Fluid-Structure Interaction  
FT: Berkeley, Force Technology 
GoM: Gulf of Mexico 
HP: Heave Plate 
IL direction: In-Line direction 
KC number: Keulegan-Carpenter number 
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LES: Large Eddy Simulation 
MCC: Marine Circular Cylinder 
RANS: Reynolds Averaged Navier-Stoke 
RAO: Response Amplitude Operation 
Re number: Reynolds number 
ST number: Strouhal number 
UC: University of California  
VIM: Vortex-Induced-Motion  
VOF: Volume of Fluid 
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