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Abstract 

The early tsunami warning system encompasses several complex components, one of 

which is the Ocean Bottom Unit (OBU) floater. This paper discusses the performance 

of various types of floater arrays for tsunami early warning systems using 

Computational Fluid Dynamics (CFD) simulations. The study focuses on coefficients, 

especially the drag coefficient, and the influence of the number of float arrangements 

on the flow pattern around the buoy or Ocean Bottom Unit (OBU) array. Among the 

five numerical simulation models, the six-couple floater has the highest drag and lowest 

lift coefficients, while the single floater has the lowest drag coefficient. The percentage 

of difference in drag coefficient between single floater and couple series floater is quite 

significant, reaching up to 50%. The moment coefficient is also affected by the number 

of floaters, with a series of five couple floaters having the highest moment coefficient 

at a Reynolds number (Re) of 2 × 106. The results indicate that the flow pattern becomes 

more complex as the number of floater arrays increases, which leads to more vortices 

between the floater, resulting in increased turbulence and drag coefficient. 

 

1 Introduction   

Indonesia, as an archipelagic country located in the Ring of Fire, is vulnerable to natural disasters 

such as earthquakes, volcanic eruptions, tsunamis, and sea-level rise [1-3]. Indonesia is geologically 

situated at the convergence of four major active tectonic plates and several minor plates. The four major 

active plates are the Eurasian, Indo-Australian, Pacific, and Philippine Sea Plates [4,5]. The speed and 

direction of active movement between these plates vary [5-7], leading to earthquakes and tsunamis. 
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In Indonesia, there are at least 13 megathrust zones [7,8], which have a high potential for significant 

earthquakes and tsunamis that can have a major impact on the lives and economy of the population. More 

than 245 recorded tsunami events occurred in Indonesia between 1600 and 2022. [2,9,10]. However, this 

number is likely underestimated as a proper recording of tsunami events was not consistently conducted 

between 1600 and 1800. Almost all coastal regions and cities in Indonesia are considered highly risky, with 

estimated tsunami heights exceeding three meters. In 2015, the population affected by tsunamis in Indonesia 

was 3.7 × 106 people, projected to reach 4.4 × 106 people by 2030 [11,12]. As an illustration of the economic 

losses resulting from the 2004 Aceh earthquake and tsunami, the total damages amounted to 48 trillion 

Indonesian Rupiah [13]. 

The Indonesian Tsunami Early Warning System (INA-TEWS) became operational in 2008 to reduce 

the risk and casualties from tsunamis. The system is designed to detect tsunamis [14,15]. However, the 

system requires support to function optimally. The 2018 tsunamis in Palu and the Sunda Strait, which 

resulted in significant loss of life, indicate that the early warning system needs to be improved to minimize 

casualties from tsunami events. A buoy-based tsunami detection system is one technology that can be 

utilized for early tsunami detection. An Ocean Bottom Unit (OBU) and a Surface Buoy are the components 

of the tsunami buoy system. Offshore buoys provide initial information on sea-level anomalies [15,16], 

enabling accurate early tsunami warnings. The OBU continuously communicates with the surface buoy 

through underwater acoustic modems. The surface buoy acts as a receiver for data from the OBU and 

transmits that data via satellite to the tsunami monitoring center at the Read Down Station (RDS) on land. 

In order to ensure the proper functioning of the OBU, its reliability at working depths needs to be assured.  

Various improvements and modifications have been made to each INA-TEWS equipment to enhance 

the accuracy of tsunami disaster prediction. Figure 1 shows the developed OBU floater system used in INA-

TEWS. The OBU floater system can be installed underwater and on the water surface in horizontal or 

vertical configurations. The OBU floater system is a marker for the OBU equipment and provides resistance 

to wind and water wave forces, preventing the OBU from drifting easily. Additionally, sensors are installed 

inside the float to receive and transmit data to satellites. In some cases, telecommunication antennas and 

meteorological sensors are mounted within the float. Therefore, a study is needed to design a model for the 

OBU float system that can withstand wind and water wave forces. The OBU floater system is typically 

spherical, with individual floats or in a circular formation. It is because a spherical shape provides balanced 

forces compared to other shapes. According to Sadraey et al. [17], the drag coefficient for a spherical model 

when the Reynolds number (Re) at ≤ 2 × 105 is 0.5, while for Re ≥ 2 × 106, it is 0.2. Similarly, Almedeij et 

al. [18] states that the drag coefficient for a spherical model when Re ≥ 2 × 106 is 0.2. 

  

Figure 1. Various types of OBU floaters [1] 
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Figure 1. Cont. 

Only now, few references discuss the models of OBU floater systems, as most of the research has 

focused on the OBU equipment itself or buoy. As done by Irfan et al. [19], a study was conducted on the 

placement of the mooring buoy and Ocean Bottom Unit (OBU) for the Indonesian Tsunami Early Warning 

System (INA-TEWS) on the seafloor. Nugroho et al. [11] investigated the design and structural analysis of 

the OBU's underwater device for the INA-TEWS using Finite Element Method (FEM) and testing. Arifin 

et al. [20] also studied the design of the Buoy Glider to support the tsunami early warning system using 

Computational Fluid Dynamics (CFD). Therefore, this study aims to focus on the coefficients involved in 

several models of the OBU floater system. One of the methods to be used in this research is Computational 

Fluid Dynamics (CFD). Compared to experimental methods, the CFD method has several advantages, such 

as optimizing the desired model design, more affordable cost, and the ability to visualize flow patterns. In 

this paper, two variations will be explored: Reynolds number variation and variations in the floater system 

models. Furthermore, numerical simulations will be conducted horizontally using air as the medium. The 

software used is commercial software, namely ANSYS version 2023 R1, which is licensed by the National 

Research and Innovation Agency. Space claim, fluent mesh, fluent, and CFD-post are the ANSYS modules 

used. The output of this numerical simulation includes the drag, lift, and moment coefficients, as well as 

flow visualization around the floater system models. The numerical simulation results are expected to be 

used as initial predictions to optimize the shape and float system of the buoy before conducting laboratory 

testing or creating prototypes. 

2 Experimental Methods 

The finite volume method is the Computational Fluid Dynamics (CFD) method. It is because the flow 

that occurs is external. CFD method consists of three stages: pre-processing, processing, and post-

processing, as shown in Figure 2. The pre-processing stage is the initial and most crucial phase in CFD as 

it significantly influences the CFD results. It involves creating or checking the geometry, defining the 

computational domain, generating the mesh, selecting the solution equations, and determining the desired 

parameters.  

Proper modeling and balance accuracy and available constraints are essential to obtain realistic 

simulation results. The processing stage marks the commencement of numerical calculations by the 

software once all the necessary settings have been finalized. This stage primarily involves monitoring the 

convergence of the numerical computations to ensure the accuracy and reliability of the results. Lastly, the 

post-processing stage is the final phase of the CFD analysis. It enables the extraction of desired outputs, 

such as coefficients, forces, pressure and velocity distributions, velocity streamlines, and other relevant 

information. This stage enables the visualization and interpretation of the simulation results in order to 

obtain insights into the phenomena under investigation.  
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Figure 2. Flowchart of the CFD procedure [21] 

2.1 Geometry 

CATIA V5 software was used to build a geometry, which was then exported to the ANSYS 

SpaceClaim module within the software for geometry checking to ensure its suitability or identify any 

necessary improvements before proceeding further. The ANSYS SpaceClaim module is a 3D modeling 

application that may be used for geometry creation and refinement. There are several considerations to 

remember when creating geometry for CFD modeling, such as establishing initial coordinate points to 

facilitate parameter input and ensuring the use of appropriate unit systems, as they can influence the CFD 

results [22]. The table below contains the detailed dimensions of the OBU floater model. The distance 

between each float is equal to D/2. However, the model created in this study utilizes the bottom-up 

technique, where the geometry is constructed starting from the most fundamental unit, which is points. The 

points are then connected to form straight lines, which are further assembled to create surfaces, which are 

finally transformed into a volume [23]. As shown in Figure 3, the models to be simulated comprise a single 

OBU floater, a 4-unit couples OBU floater, a 5-unit couples OBU floater, and a 6-unit couples OBU floater. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 3. Floater OBU model: (a) Single, (b) 4 couples, (c) 5 Couples, and (d) 6 Couples 

2.2 Domain and mesh  

Following the construction of the geometry, the computational domain must be defined. The 

computational domain should not be affected by the presence of the models for free-flow cases. In this 

study, the computational domain in this study has a distance of 15 times the length of the model (B) in the 

forward, right, left, upward, and downward directions, while the back side has a distance of 31 times the 

length of the model (B). The computational area’s size (Figure 4) is determined based on a study conducted 

by Bruno and Khris [24], where the area is not divided to avoid generating many mesh sizes. Additionally, 

the large size of the domain is optimized to prevent flow recirculation, which can impact the CFD results 

[25]. 

 

Figure 4. CFD domain design 

After creating the domain, the next step is to generate the mesh, where the previously created domain 

is discretized into a mesh. The mesh generation is also performed using the Mesh Fluent ANSYS software 

module, which follows the Finite Volume Method concept. This study employs an unstructured mesh type, 

specifically tetrahedral mesh, due to its ease of implementation on complex geometries and shorter creation 

time than hexahedral mesh types. According to Kusuma et al. research [21,26], using tetrahedral mesh type 

is more optimal for complex and asymmetric geometries and more efficient in numerical simulation 

calculations. Like the model creation process, the bottom-up approach is used for meshing, which facilitates 
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placing the mesh near the desired model surfaces. In contrast to wind tunnel testing methods where the 

boundary layer is explicitly defined, according to Kasim et al., in CFD methods, the thickness of the 

boundary layer should be calculated based on input parameters since the domain is limited [27]. Improper 

estimation of the boundary layer thickness, as stated by Moukalled et al., can lead to suboptimal results and 

numerical simulation errors [28]. Jeremy et al. suggest that the simulated domain should be as large as 

possible to minimize the influence of the boundary layer when a model is isolated from the surrounding 

medium [29]. Salim et al. also mention that the virtual wind tunnel dimensions should be larger than the 

test model to avoid wind-structure interactions with the tunnel walls. Theoretically, the mesh’s first 

boundary layer thickness (𝑦+) can be determined using Equation 1 [27]. 

 𝑦+ ≡
𝑢∗𝑦

𝑣
              (1) 

Where 𝑢∗ is the model surface friction velocity, 𝑦+ is the closest mesh distance to the model surface, and 

𝑣 is the kinematic velocity. However, due to numerical simulation hardware limitations restrictions, the 𝑦+ 

used is around ±0.05 m, leading in a total mesh count of around ±5.5 million with an average orthogonal 

quality value of ±0.99 and a skewness value of ±0.83, which are within an acceptable range. In general, the 

principle of mesh generation is to limit cell size in the desired regions (e.g., areas with high 

pressure/velocity/gradients), such as the wing area of an aircraft. Figure 5 depicts the mesh near the object's 

surface and the boundary conditions applied. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 5. (a) Mesh single, (b) Mesh 4 couples, (c) Mesh 5 couples, and (d) Mesh 6 couples. 

2.3 Parameter inputs and convergence 

After the mesh generation is completed, the next step is to determine the most appropriate parameters. 

Several variables need to be defined before performing calculations in the ANSYS Fluent software, such 

as fluid material properties, area, velocity/Reynolds number (Re), boundary conditions, and operating 

conditions, as shown in Table 1. In numerical simulations, determining the appropriate boundary conditions 

can significantly influence the numerical simulation output. The boundary conditions used in this study 

consist of inlet velocities (front, right, left, top, and bottom), wall boundaries (model surface), and outlet 

boundaries (rear) [23,25], as shown in Figure 6. The wall boundary conditions separate the fluid from the 

solid (model) region [22]. In this case, a no-slip assumption is applied to the wall boundary conditions, 
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assuming a smooth surface. The inlet velocity boundary conditions are used to determine the magnitude 

and direction of the velocity. Inlet velocity boundary conditions are commonly used for compressible flows. 

The inlet velocity boundary condition in this study involves both the magnitude and direction of the 

velocity, with the direction determined by the desired wind angle of attack [22]. The outlet boundary 

condition is used to model the outflow, where the pressure and velocity details are unknown before solving 

the flow problem [22].  

 

 

Figure 6. Boundary conditions 

Once the boundary conditions are determined and the required parameters are inputted, the 

subsequent step involves setting up convergence criteria for the iterative process of the numerical 

simulation calculation. The number of iterations utilized directly impacts the time taken for the numerical 

simulation process. A more significant number of iterations prolongs the numerical simulation process, 

while fewer iterations expedite it. According to the references above, this numerical simulation process 

adopts a convergence criterion of 10-5. 

Table 1. Parameter inputs 

Parameters Single 4 Couples 5 Couples 6 Couples 

Solver K-omega SST 

Time type Steady 

Density [kg m3⁄ ] 1.225 

Viscosity [kg∙s m⁄ ] 1.789 × 10−5 

Area [m2] 0.0708 0.1768 

Length [m] 0.285 1.4575 1.8960 2.2525 

Reynolds number 3 × 105, 5 × 105, 7 × 105, 1 × 106, 2 × 106, 3 × 106 

The angle of attack 

[deg] 
0 

Iteration 5.000 – 10.000 

 

Apart from setting the convergence criterion value, there are other ways to determine the 

convergence of the numerical simulation process by observing the coefficients that have become constant 

Figure 7. According to Kusuma et al. [21], the complexity of a model’s shape influences convergence, with 

more complex shapes requiring more time to achieve convergence. Constant coefficient values throughout 

the iterations, according to Siti et al. [30], indicate that the numerical simulation process has converged. 
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(a) (b) 

Figure 7. Convergence criteria: (a) Residual, and (b) Drag coefficient 

3 Results and Discussion 

When the frictional drag dominates the drag force, an object can be considered streamlined. This 

consideration is due to the flow, which tends to adhere to the object as it passes through the fluid. On the 

other hand, when the drag force is dominated by pressure drag, the object is considered a bluff because the 

fluid leaves a wake behind the object after passing through. Therefore, only the frontal area is considered 

when bluff body surfaces are used as references. CFD simulations are run with two variations: six different 

Reynolds numbers and four different floating body configurations. The four floating body configurations 

consist of a single body, four couples, five couples, and six couples. The CFD results are displayed in the 

form of coefficient curves, as shown in Figure 8. 

 

(a) 

 

(b) 

 

(c) 

Figure 8. Aerodynamics coefficient: (a) Lift, (b) Drag, and (c) Moment 

Figure 8(a) shows that the 6 couples floater configuration (green line) has a better lift coefficient than 

the others. The negative values indicate this as the Reynolds number increases. The model is oriented 
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downwards as indicated by the negative sign. The other floater configurations, on the other hand, exhibit 

positive lift coefficient values at low Reynolds numbers that gradually become negative at higher Reynolds 

numbers. Figure 8(b) shows that each model produces similar graph patterns. Fluctuations in the coefficient 

values occur between Reynolds numbers 3 × 105 to 7 × 105, but after Reynolds number > 7 × 105, the drag 

coefficient values do not change significantly. The single floater configuration (gray line) has the smallest 

drag coefficient for all Reynolds numbers, while the 6 couples floater configuration (green line) has the 

largest drag coefficient. The drag coefficient value also increases as the number of floater configurations 

increases. The drag coefficient difference between the single floater and couple floater configurations reach 

≥ 50%. Regarding the moment coefficient in Figure 8(c), it can be observed that there are increases and 

decreases in almost all float configurations between Reynolds numbers 5 × 105 to 7 × 105, but after 

Reynolds number > 1 × 106, the moment coefficient values do not change significantly except for the 5 

couples float configuration with Reynolds number 2 × 106, which has the highest moment coefficient value. 

The CFD method has the advantage of allowing visualization of flow features such as velocity streamlines. 

Figure 10 compares velocity streamlines for each floater configuration model at Reynolds numbers 5 

× 105 and 2 × 106. Understanding the flow patterns around the floater configurations requires the 

visualization of velocity streamlines. Figure 10 shows how the number of float configurations affects the 

flow patterns and the coefficients values, particularly the drag coefficient. Figure 10 (a) shows that the 

single floater configuration exhibits a simpler flow pattern with a more uniform flow around the floater and 

a vortex occurring directly behind the floater model. On the other hand, as the number of floater 

configurations increases, the flow pattern becomes more complex, with more vortices forming between the 

floaters. The turbulent flow is caused by the interaction between the floater pairs. As turbulence or vortices 

increase, so do the drag coefficient values, improving the overall performance of the floater system. Overall, 

there are more vortices at Reynolds number 5 × 105, especially between the floater couples, than at Reynolds 

number 2 × 106. 

RE 5 × 105 RE 2 × 106 

  

(a) 

  

(b) 

Figure 10. Velocity streamlines at RE 5 × 105 and 2 × 106 for floater OBU models: (a) Single, (b) 4 Couples, (c) 

5 Couples, and (d) 6 Couples 
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(c) 

  

(d) 

Figure 10. Cont. 

4 Conclusions 

The Computational Fluid Dynamics (CFD) analysis of the Ocean Bottom Unit (OBU) was performed 

in this study. The influence of the number of floater configurations on the Ocean Bottom Unit (OBU) flow 

pattern and drag performance is also being studied. The results show that the 6-couple floater configuration 

model exhibits better lift coefficient values than other floater configurations. Similarly, the six-couple float 

configuration model also has the highest drag coefficient value, enabling it to withstand forces caused by 

wind and waves for all Reynolds numbers. In terms of moment coefficient, nearly all floater configurations 

experience an increase or decrease in the range of 5 × 105 ≤ Re ≤ 7 × 105, but after Re ≥ 1 × 106, the moment 

coefficient values do not change significantly, except for the 5 couples floater configuration model, which 

has the highest moment coefficient value. Increasing the number of floater configurations can result in 

higher drag coefficients and lower lift coefficients. The percentage of difference in drag coefficient between 

the single floater and couple floater configurations reach ≥ 50%. Meanwhile, the average percentage 

difference in the drag coefficient between paired float configurations ranges from 11% to 24%. The 

visualization of velocity streamlines reveals that the number of floater configurations influences the flow 

patterns and coefficient values. The single floater model exhibits a simple flow pattern, while models with 

multiple floater configurations display more complex flow patterns due to more vortices. This phenomenon 

results from the interaction between the couple floaters, creating turbulence behind the floater 

configurations. The more configurations, the more vortices occur, thereby influencing the coefficients in 

the float. 

In the future, it is expected that several studies will be conducted using numerical simulations and 

experiments on various configurations of the number of Ocean Bottom Unit (OBU) floaters and the spacing 

between them. It is hoped that by determining the optimal number and spacing of OBU floaters, the best 

drag coefficients for practical application can be obtained. Furthermore, it is expected that further research 

will contribute to enrich the database for a crucial component of the tsunami early warning system. 
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