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Abstract: This paper reports based on an experimental study to 

simulate flow due to irregular fluid flow in a semi-submersible 
platform using computational fluid dynamics. In this paper we use 
computational fluid dynamics tools which solve simple differential 
equations and finite volume method (FVM). A turbulence model is 
considered i.e.  large eddy simulation (LES). The 
semi-submersible model is considered as pontoons, columns, 
horizontal brace and deck. The pontoons are horizontal placed 
stadium shaped structures which are submerged into the water. 
The columns are structures which connect the deck and pontoons 
in these model circular columns are considered. The horizontal 
braces are circular tube-like structures which connect the two or 
more columns which increases the rigidity of the columns. The 
deck is a flat surface which provides workable area. This paper is 
a comparison of fluid flow at different velocity magnitude. The 
velocity contour, pressure contour and streamline contour are 
simulated and graphically represented. The numerical 
simulations are compared with experimental solutions and focus 
on vicinity of the platform. The difference in pressure, 
temperature and streamline flow are tabulated and graphically 
represented. The average percentage difference in temperature 
and pressure are calculated to be 73% and 128% respectively. 
Thus, the causation is investigated for the case and several 
governing parameters are recognized.   
 

Keywords: Semi-submersible, Computational fluid dynamics 
(CFD), Finite volume method (FVM), Large eddy simulation 
(LES), circular column. 

I. INTRODUCTION 

A semi-submersible platform is a specialized marine vessel 
used which is used for offshore roles such as oil mines, 
drilling rigs, safety vessels and also for heavy lift cranes. 
These platforms were designed and developed for oil mines 
in early 1960s. These semi-submersible platforms are 
employed in offshore drilling in high water depths i.e. greater 
than 520 meters where fixed structures are not practical 
possible. The semi-submersible has good stability which is 
far better than drill ships. There are many possible failures 
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and disasters that accompany these structures such as lift and 
drag forces in particular. This paper is an experimental study 
due to an incoming regular wave in a semi-submersible 
platform using computational fluid dynamics.  
Qiu et al, [1] performed experiments in optimization of 
semi-submersible platforms and found the prediction of the 
motion response by using the computational fluid dynamics 
tool. They measured the hydrodynamic performances during 
optimization process and the total weights can be reduced. 
Travanca et al, [2] performed experiments in a control of 
vibrations induced wave on floating production systems and 
found the large environmental force acts on offshore 
structures. They measured the motion of offshore production 
units with the dynamics and vibration control of floating 
structures due to wave loading and analysis the performance 
model by using computational fluid dynamics. Jin et al, [3] 
performed experiments in a wave simulations and fluctuating 
wind on a semi-submersible offshore platform and they 
observed the wind and wave simulations in structural 
analyses. They monitor the health of several offshore 
platforms. Raed et al, [4] performed experiments in extreme 
hydrodynamic responses of semi-submersible platforms and 
they observed the two different environmental contour 
approaches. Adopting different environmental contour 
approaches has small deviation between the significant wave 
heights. Liang et al, [5] performed experiments in 
vortex-induced motions of a deep-draft semi-submersible 
platform and found the VIM effects on the overall 
hydrodynamics of the structure. They measured the lift and 
drag forces on the structure in horizontal plane transverse 
motion. Xing et al, [6] performed experiments in a 
semi-submersible crane vessel to optimize the quantity, 
locations and output current of anode to improve cathodic 
protection and they observed the numerical simulation result 
for the semi-submersible crane vessel and also predict the 
cathodic protection effect for four different stages. Wei et al, 
[7] performed experiments in an effect of bracings and 
motion coupling on semi-submersible platform under 
irregular wave conditions and they validate the wave basin 
test and numerical simulations. They also observed the 
motion results in semi-submersible platform. Liu et al, [8] 
performed experiments in a design loads for a large wind 
turbine in a semi-submersible floating platform and they 
observed the dynamic response and reliability analysis of a 
offshore wind turbine and appropriate response quantile level 
has produced by using the inverse first-order reliability 
method. The objective of the present study is to investigate 
the turbulent flow around a semi-submersible platform. The 
semi-submersible model is placed inside a channel and fluid 
flow is simulated as large eddy simulation model.  
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The boundary conditions at the inlet are velocity-inlet and the 
outlet boundary condition is pressure-outlet. The velocity 
magnitude is varied along the x-direction as 5m/s and 10m/s.  
The numerical simulations are performed by using a Finite 
Volume Method (FVM). The fluid medium used in this 
model is air. The resulted values for pressure and velocity are 
recorded at specific locations and tabulated for different 
velocity magnitudes. The percentage difference between 
pressure and velocity for both cases are tabulated. The 
average percentage difference is calculated. The various 
contour of velocity, pressure and the streamline flow are 
represented in figures. Thus, several governing parameters 
are investigated and the flow characteristics are analyzed.  

II. GOVERNING EQUATIONS AND NUMERICAL 
TECHNIQUE 

The basic parts of a semi-submersible are pontoons, columns, 
horizontal brace and deck as shown in the figure 1. The 
pontoons are horizontal structures which placed at the bottom 
of the semi-submersible platform and are totally submerged 
into the waters. The columns are structures which withstand 
the weight of the semi-submersible platform and also connect 
the deck and pontoons. The horizontal braces are structures 
which connects the two or more columns. The deck are 
surfaces upon which all the humans, machinery and other 
equipment’s are placed. 

 

Figure 1. 3D representation of semi-submersible 

The semi-submersible is modelled with dimensions of length 
‘L1’ = 120m and total height ‘H’ = 40m as shown in figure 2. 

The diameter of the column is denoted as Lc = 10m and height 
of the column is denoted as Hc = 25m as shown in figure 2. 
The length ‘L2’ = 90m and the length of pontoons is equal to 

the length L1. The height of the pontoon Hp = 10m as shown 
in figure 3. The length of the horizontal brace Lb = 60m and 
diameter of the column Hb = 5m as shown in the figure 3. The 
model is created using solid works and imported into 
designer modeler in ANSYS workbench. The fine meshing 
was done using fluent. 

 
Figure 2. 2D representation of semi-submersible 

 

Figure 3. 2D representation of semi-submersible 

The model considered in the present study is of 120 m long, 
90 m wide and 40 m high semi-submersible. The model is 
centrally placed inside a channel through which fluid is 
simulated along the x-direction. The type of solver used 
pressure-based and absolute velocity formulation is used. A 
turbulence model is used and large eddy simulation LES and 
smagorinsky-lilly sub grid-scale model is considered. The 
boundary conditions along x -axis at the inlet is Velocity-inlet 
and the outlet boundary condition is pressure-outlet and no 
slip boundary condition are considered along the walls. The 
residual for continuity, x-velocity, y-velocity and z-velocity 
is considered to be 0.001. The velocity magnitude in the 
x-direction is compared between 5m/s and 10m/s. The 
numerical simulations are performed by using a Finite 
Volume Solver (FVM), where the problem is modeled as 
buoyancy induced turbulent flows. The turbulent flow 
problem is modeled by solving the large eddy simulation 
(LES) equation for different velocity [9-14]. The time 
averaged governing equations are as follows: 
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Where ‘ρ’ indicates the density of fluid, ‘u’ represents the 

velocity, ‘k’ and ‘ε’ indicates the kinetic energy and 
dissipation fields. 

III. RESULTS AND DISCUSSION 

Figure 4 indicates the pressure contour for velocity 
magnitude of 5 m/s in the present study. The air is supplied 
through the inlet along the x-direction in a channel. Due to 
the air pressure in the channel moving along the x-direction, 
the flow is converged at vicinity near the columns where 
pressure at low identified along the y-direction as shown in 
the figure 4. The figure 5 represents the velocity contour for 
velocity magnitude of 5 m/s. A high velocity is identified at 
the behind each column when fluid is passed along the inlet 
in the x-direction and significant low velocity at the vicinity 
of the columns. In the figure 6 the streamline velocity is 
represented in which it shows the direction of fluid flow. A 
turbulent effect is seen at the columns and horizontal brace. 
In the vicinity near the column low velocity streamline are 
reported and slight increase in velocity is noted behind the 
column. Similar to the previous study and velocity magnitude 
is increased to 10m/s. When the fluid is channel through the 
inlet in the x-direction the pressure, velocity & streamline 
results are concluded. In the figure 7 the pressure contour is 
10 m/s are resulted which is compared to the previous 
obtained results of 5m/s. The results are compared the found 
to be increased significantly along the x-direction. The 
low-pressure region is found above the horizontal brace 
similar results were found in 5m/s. In the figure 8 represents 
the velocity contours, there is increase in velocity value. In 
the figure 9 the streamline velocity is represented which 
shows the turbulence near the semi-submersible.      

 

Figure 4. Pressure contours for velocity 5 m/s 

 

    Figure 5. Velocity contours for velocity 5 m/s 

 

 
 Figure 6. Streamline velocity for velocity 5 m/s 

 

Figure 7. Pressure contours for velocity 10 m/s 

 

Figure 8. Velocity contours for velocity 10 m/s 

 

Figure 9. Streamline velocity for velocity 10 m/s 
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Table 1 Variation of pressure and velocity  

The figure 10 is a graphically representation of velocity 
difference between 5m/s and 10m/s. The coordinate’s x-axis 
is varied from 10 to -60 where the y-axis and z-axis are kept 
constant as 35 and 20 respectively. The values are noted at 
several intervals which are tabulated in table 1. Note-the 
values are considered between the columns. The velocity 
tends to increase at vicinity column and then decreases 
significantly later. The figure 11 is a graphically 
representation of pressure difference at 5 m/s and 10 m/s. 
Similar co-ordinates are considered which was taken in the 
velocity difference. Equal interval of 10 m is taken and the 
results are noted as shown in table 1. The pressure behind the 
column is comparatively less and further increases along the 
x-direction. The red & square symbolled line represents the 
velocity at 5 m/s and blue & circle symbolled line represents 
the velocity at 10 m/s. 

 

Figure 10. Graphically representation of velocity 
difference 

 

 

Figure 11. Graphically representation of pressure 
difference 

 

      Table 2 Difference in pressure & velocity in x-axis 

The table 2 represents the percentage difference between the 
pressure of 5m/s and 10m/s similarly for velocity difference 
between the velocities of 5m/s and 10m/s. The percentage 
difference is calculated by taking the difference between the 
values and dividing average between the considered values 
and then multiplied by 100. Therefore, the results are 
obtained for pressure and velocity as shown in table 2. 

IV. CONCLUSION 

The fluid flow characteristics across a semi-submersible 
through a channel are numerically investigated by varying 
the velocity magnitude. The turbulent flow is modeled by the 

computational  fluid dynamics (CFD) approach using and 
large eddy simulation (LES) Smagorinsky-Lilly model and 

the governing equations are discretized using finite volume 

method (FVM). The stream line patterns, velocity and 
pressure contours are analyzed for different velocity 
magnitude. A comparison is made between varied velocity 
magnitude and it is found the characteristics in pressure and 
velocity. The stream line contours indicated the flow 
direction of the fluid of a semi-submersible through a 
channel. It is identified that the velocity decreases between 
the columns and higher difference are found when velocity 
magnitude increases. The pressure difference slightly reduces 
at the vicinity of the column and tends to increase further. 
The pressure near the second column is significantly higher 
when velocity magnitude increases. In further research by 
introducing a pencil column may reduce the pressure values 
in the second column which may reduce the stress in the 
structure. The results from the present study will be suitable 

for designing semi-submersible platforms which are used in 

oil productions and deep seas applications. 
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