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ABSTRACT 

A number of motion strategies to handle fluid flow involving moving bodies have been appeared 

over the last two decades. They are frequently used in marine applications together with finite 

volume discretization as in the case of authors under development software. An appropriate choice 

among such strategies strongly helps to catch desired code capable of meeting all requirements 

while keeping the computational effort at an acceptable level.  

In this paper, such strategies are briefly discussed in six categories and assessed based on common 

necessities in the area of marine structure hydrodynamic problems. Finally, some results are 

presented using two different motion strategies in the under development software. Body-attached 

mesh is implemented to calculate a three dimensional (3D) barge resistance in a two degree of 

freedom (2-DoF) steady forward motion and also overlapping mesh to investigate a 2D cylinder 

slamming in a 1-DoF free falling. 

KEYWORDS: motion strategy, finite volume discretization, interfacial flow, marine structures, 

hydrodynamics 

INTRODUCTION 

The numerical solving of a mathematical model which describes the fluid flow, known as 

Computational Fluid Dynamics (CFD), is nowadays increasingly becoming a design tool in various 

parts of industrial product development. Numerous examples include flow around a car or an 

offshore structure or flow in an internal combustion engine, etc. This is a field of large expansion 

mainly due to the progress in computer technologies and the computational algorithms. Such an 

approach reduces costs, eliminates restrictions in data gathering, proposes full-scale studies and 

facilitates applying model geometrical changes in comparison to that of experiment while gives 

reliable results in many cases. 

Fluid-structure interaction in sea environment is an important topic among marine structures related 

problems, which should be investigated in early design stages. Maneuverability of ships in restricted 

areas as well as harbors and channels, which results in modifying infrastructures, is a good example 

of such investigations. Dynamic positioning of platforms is another subject in this domain, which 

needs a complete model of structure's hydrodynamic behavior to forecast its motions due to wind, 

wave and current and consequently required loads to narrows its swing circle. All such problems 

have two main components which are: 

• fluid and flow 

• structure and motions 

One must specifically decide about all aspects of these components by keeping all initial 

assumptions consistent with encountered problems, sea Table 1. 

A regular marine environment can be depicted by below characteristics about its governing fluids 

(water and air) and flow: 

• without surface tension 

• homogeneous properties 

• without suspended particles 

• incompressible 
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• viscous 

• rotational 

• Newtonian 

• unsteady 

• turbulent 

• two-phase 

• large interface deformation 

 
Table 1 Different aspect of a fluid-structure interaction problem in sea environment  

Fluid and Flow Structure and Motion 

surface tension 2D/3D 

property distribution fixed/fleet 

suspended particles floating/submerged 

Compressibility Dimensions relative to waves 

inviscid/viscous large/small amplitude  motion 

rotational/irrotational rigid/flexible 

Newtonian/Non-Newtonian motion in restricted area/open sea 

steady/unsteady relative motion 

laminar/transient/turbulent degree of freedom 

one/two phase auxiliary equipments (propeller, rudder, mooring line, ...) 

large/small interface deformation geometrical complexity 

To solve partial differential equations governing on such a marine environment, they must be 

transformed to a set of algebraic equations using a discretization method. Finite volume 

discretization, a method among field methods in the numerical approaches, is an appropriate choice 

to develop a flow solver due to its conservative property and also the ability to treat complex 

boundaries. 

When a structure motion and its two way interaction with aforementioned marine environment are 

come into action, one must add a motion strategy to its interfacial turbulent flow solver for 

simulation of such a problem. Motion strategies differ from each other in how to put them into 

practice, their computational cost and also their area of coverage. They have a vital rule in related 

hydrodynamic simulation capabilities. They are reviewed and technically assessed in the next 

section including latest conducted researches in this area. This can be beneficial to make a good 

decision at early stages of software development and to have a desired quantity. Finally, barge 

resistance and cylinder slamming problems are typically solved using the under development 

software with two types of motion strategies. 

 

MOTION STRATEGIES 

Motion strategies can be classified in six main groups as below: 

• body-attached mesh 

• deformable mesh 

• sliding mesh 

• re-mesh 

• overlapping mesh 

• Cartesian mesh 

On the other hand, to investigate a marine structure hydrodynamic problem, there are three main 

characteristics as below: 
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• 6-DoF 

• large amplitude motions 

• relative motions 

Six motion strategies are compared to each other, at the final step of this section, from above 

mentioned points of view after representing some information about them. 

 
BODY-ATTACHED MESH 

A boundary-fitted mesh of arbitrary shape rigid cells has to be generated at the first step by using 

body-attached mesh motion strategy. It is also known as moving mesh. Such a mesh is moved in all 

linear and angular directions following 6-DoF motions of a structure with no deformation in its cells 

shape (Fig. 1). This strategy is a favorable one in marine applications especially in the case of small 

amplitude motions. But, when there are large motions, as a floating structure encounters waves, 

numerical errors strongly deviates results [1, 2]. In addition, body-attached mesh motion strategy 

cannot be used to investigate relative motions, as only a single rigid mesh is used in whole 

computational domain. In this paper, steady forward motion of a barge is simulated using moving 

mesh. 

 
n

t  1+n
t  

 
 

Fig. 1 Motion strategy of body-attached/moving mesh, 

computational domain and mesh geometry at two successive time steps 
n

t  and 
1+n

t  

DEFORMABLE MESH 

The first step in this strategy is similar to that of pervious one but cells are potentially deformable in 

this strategy. In other words, using deformable mesh, the computational mesh around a moving 

structure is adjusted at each time step such that it conforms to the new position of the structure (Fig. 

2) while computational boundaries and the total number of cells are preserved [3, 4, 5]. It has been 

used in conjunction with structured mesh [6] as well as unstructured one [7] to investigate relative 

and also 6-DoF motions. The advantage of this approach is that the flow solver can be easily made 

fully conservative as well as the previous strategy. The main disadvantage is however that the scale 

of motions of a moving structure cannot be large in comparison to its size and usually rotations are 

not allowed to prevent cells from inappropriate (highly skewed) shapes. 

n

t  1+n
t  

  
Fig. 2 Motion strategy of deformable mesh, 

computational domain and mesh geometry at two successive time steps 
n

t  and 
1+n

t  

SLIDING MESH 

The scale of a structure motion can be increased and the rotation can be achieved using so called 
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sliding mesh. It is widely used to simulate rudder and propeller [8, 9, 10]. In this case, a part of the 

mesh is attached to the structure and moves with it, while the remaining part of the mesh is 

stationary. Between the fixed and the moving parts of the mesh is a sliding interface, which is a 

predefined surface (usually plain, cylindrical or spherical surface) (Fig. 3). However, it is restricted 

to 3-DoF angular motions due to such rotational movements in mesh. Combining the deformable 

mesh with sliding mesh a higher level of structure motion can be achieved [11, 12], but it is still 

limited by the mesh deformation and also by sliding interfaces which require a common interface 

(allow no overlapping) between moving and stationary mesh blocks. In addition, applying 3 linear 

DoF to the fixed part of the mesh and other 3 angular DoF to the moving part of the mesh can be 

recommended as a new idea to simulate 6-DoF motions with sliding mesh. 

 
n

t  1+n
t  

  
Fig. 3 Motion strategy of sliding mesh, 

computational domain and mesh geometry at two successive time steps 
n

t  and 
1+n

t  

RE-MESH 

In the re-meshing strategy, the mesh near a moving structure is regenerated at each time step 

according to the new position of the structure (Fig. 4). This approach eliminates the limitation on the 

mesh topology and thus mesh quality around the moving structure can be maintained. Furthermore, 

mesh motions of arbitrary scales are possible. The main drawback of this approach is that flow 

variables must be interpolated from the old to the new mesh at each time step and it is not easy to 

interpolate them in a conservative manner. Another drawback is that the mesh has to be generated 

many times which is a time consuming and expensive operation. Usually, the re-meshing is 

combined with the deformable mesh. Here, the mesh is deformed while the structure moves for a 

certain distance and then it is followed by a re-meshing of whole computational domain [13]. 

Another possibility is to consider only a part of the mesh in immediate vicinity of the structure for 

the movement and re-meshing, while the rest of the domain remains stationary [14]. Parallel 

processing proposes an appropriate tool to deal with the computational cost of this strategy [15]. 

 
n

t  1+n
t  

  
Fig. 4 Motion strategy of re-mesh, 

computational domain and mesh geometry at two successive time steps 
n

t  and 
1+n

t  

 
OVERLAPPING MESH 

All previous approaches fall in a bigger category of domain-conforming mesh methods, in which a 

single mesh or several blocks, which do not overlap with each other, cover the computational 

domain. In the overlapping mesh approach, also known as overset or chimera mesh, the 

computational domain is covered by a number of overlapping meshes (mesh components). Mesh 

components associated with moving structures move with them, as in the case of body-attached 
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mesh, while the other mesh components remain stationary. The component meshes are not required 

to match in any especial way, but they have to overlap sufficiently to provide the means of coupling 

the solution on each of them. This method allows the component meshes to move relative to each 

other in an arbitrary fashion, making them prefect for use in applications with moving structures. 

Mesh adjustment or regeneration is thus not necessary. The mesh components are usually 

geometrically simple and allow for independent meshing of higher quality than would be possible in 

the case of single mesh. Flow variables have to be interpolated between the overlapped meshes to 

exchange the information; however, the interpolation takes place only in a limited number of cells 

distributed along mesh interface rather than in whole domain, as is the case in re-meshing approach. 

The mesh interfaces can be placed in regions where the variables vary more smoothly than in the 

vicinity of the structure, thus making interpolation errors smaller. The major drawback of this 

approach is that it is difficult to ensure conservation of the computed variables across mesh 

interfaces. Such an approach is schematically shown in Fig. 5. The overlapping mesh computation 

was performed firstly in 1981 to facilitate mesh generation in the case of complex boundaries [16]. 

It was later used to predict forced relative motions [18] and also aerodynamic problems [19]. It is 

just recently used for marine applications due to difficulties with interfacial flow [20]. However, 

researches conducted based on overlapping mesh can be classified in two fields of numerical 

algorithm development and practical implementation as presented in Table 2. In this paper, cylinder 

free falling is simulated using two mesh components, one moving mesh around the cylinder and one 

stationary mesh in whole computational domain, using overlapping mesh. 

 
n

t  1+n
t  

  
Fig. 5 Motion strategy of overlapping mesh, 

computational domain and mesh geometry at two successive time steps 
n

t  and 
1+n

t  

 

Table 2 Classification of researches in the field of overlapping mesh 

Numerical Algorithm Development 

Especial Parts of Overlapping Mesh General Parts of CFD 
Practical Implementation 

order of interpolation at mesh interfaces using structured/unstructured mesh a structure with complex shape 

search algorithm to find required cells 

identification in one mesh (hole cell, 

interpolation cell, discretization cell) 

coupling of velocity and pressure fields 

(predictor-corrector, artificial 

compressibility, fractional step) 

a multi-component structure 

discretization of governing equations large amplitude motions search algorithm to find required cells 

relationship in two mesh components 

(interpolation stencil) 
using iterative methods to solve a set of 

algebraic equations 
forced relative motions 

conservative/non-conservative solution 

transfer between mesh components 
- free relative motions 

solving sets of algebraic equations 

extracted from  mesh components 
- aerodynamics 

- - hydrodynamics 

CARTESIAN MESH 

This concept was first used by Peskin (1972) to simulate cardiac mechanics and associated blood 

flow [19]. The distinguishing feature of this method was that the entire simulation was carried out 

on a Cartesian mesh, which did not conform to the geometry of the heart, and a novel procedure was 
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formulated to impose the effect of the immersed boundary (heart boundary) on the flow (Fig. 6). 

Since Peskin introduced this method, numerous modifications and refinements have been proposed 

and a number of variants of this approach now exist [22]. Main advances can be categorized in 

seven approaches as below: 

• continuous forcing 

• ghost cell 

• cut-cell 

• volume of body 

• constrained interpolation profile 

• ghost fluid 

• immersed interface 

However, there are some problems using such Cartesian mesh approaches as follow: 

• providing sharp representation of a structure boundary 

• instability in the vicinity of a structure boundary 

• high mesh quality in the vicinity of a structure boundary 

• three dimensional structure 

In addition to such cases in a general view, some problems occur when there is a moving structure. 

They are as follow: 

• freshly cleared cells (cells in the fluid which were inside the solid at previous time step) [23] 

• high mesh quality in a vast area of the computational domain due to structure movement 

 
n

t  1+n
t  

  
Fig. 6 Motion strategy of Cartesian mesh, 

computational domain and mesh geometry at two successive time steps 
n

t  and 
1+n

t  

ASSESSMENT OF MOTION STRATEGIES 

According to the brief description of six motion strategies, they can be assessed based on general 

characteristics of a marine structure hydrodynamic problem as presented in Table 3. 

 
Table 3 Assessment of motion strategies based on general characteristics of a structure hydrodynamic problem 

Main Characteristics 
Motion Strategy 

6-DoF Large Amplitude Motions Relative Motions 
Total 

body-attached mesh +1 -1 -1 -1 

deformable mesh +1 -1 +1 -1 

sliding mesh -1 +1 +1 -1 

re-mesh +1 +1 +1 +1 

overlapping mesh +1 +1 +1 +1 

Cartesian mesh +1 +1 +1 +1 

It is obvious that, three former motion strategies cannot meet all requirements in their original form 

but three later one have such a potential. In fact, the main drawbacks of three later motion strategies 

lead to a deeper investigation based on developers’ experiences and also encountered cases but they 

are initially capable of simulating a complete form of marine structure hydrodynamic problem. 
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RESULTS 

After presenting a summary about six motion strategies, two problems of barge forward motion and 

cylinder slamming are numerically solved in this section using body-attached mesh and overlapping 

mesh, respectively. Such cases are simulated using the under development code. More information 

about its flow solver can be found in [24]. Body-attached mesh is documented in [2] and 

overlapping mesh is not published. One can find basics of implemented overlapping strategy in [25]. 

 
BARGE FORWARD MOTION 

Ship resistance is usually evaluated with fixed trim and draft, but they may change in moving 

conditions due to hydrodynamic effects. In order to show the importance of motion simulation, 

especially in ship resistance calculation, a barge ship is simulated in two cases of fixed and 2-DoF 

motion and the numerical results are compared with the experimental data.  

Here, a body-attached mesh generated at initial step of numerical simulation for whole 

computational domain (Fig. 7-b) is implemented as a motion strategy. The barge model 

characteristics and the computational mesh of 36000 cells are shown in Table 4 and Fig. 7. No-slip 

and zero-gradient boundary conditions are applied for velocity on wall and other boundaries, 

respectively. Also, zero-gradient boundary condition is used for pressure in all boundaries. In order 

to minimize the reflection of flow a damping zone is considered in outlet boundaries [26]. 

Experimental test is done at V=0.807 m/s in marine laboratory of Sharif University of Technology. It 

is obvious that the barge ship is not a streamline body and therefore the wave making resistance 

component (deformation of free surface) of total resistance is of great importance in comparison to 

viscous resistance component. Fig. 8 shows the free surface deformation in front of barge which is 

of good concordance with experiment. This results in appropriate prediction of total resistance 

although it could be captured better with finer mesh.  

In the case of 2-DoF motion, barge is free to heave and pitch and the resistance is calculated when 

two aforementioned motions are approximately constant. It must be noted that, many factors 

included in the accuracy of resistance calculation as well as turbulence flow and grid resolution are 

same in fixed and 2-DoF motion. Taking this into account, the error is decreased from 23.2 % in the 

fixed motion into 5.9% in 2-DoF motion which is similar to test conditions as shown in Table 5.  

In other words, since the model test is performed with free model (heave and pitch motions were not 

restricted), the numerical results in 2-DoF motion simulation is much better than fixed condition. 

This means that in usual numerical resistance we always have errors if we cannot predict the moving 

condition (draft and trim) with good accuracy. But the present numerical method can find out 

moving conditions automatically. 

 
Table 4 Barge Ship characteristics 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Value Characteristic 

1.05 m L 

0.29 m B 

0.025 m D 

1.0 CB 

7.26 Kg Mass 

0.7 Kgm2 IYY 

0.025 m KG 
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Fig. 7 Barge vessel; 

(a): geometry, definitions and coordinate system, (b): computational domain and body-attached mesh  

 

 
Fig. 8 Free surface deformation in front of barge ship; (a): experiment, (b): simulation 

 
Table 5 Barge ship resistance 

Error (%) Value (N) Resistance 

- 3.53 (N) Experiment Calculation 

23.2% 2.71 (N) Numerical calculation in fixed motion 

5.9% 3.32 (N) Numerical calculation in 2-DoF motion 

CYLINDER SLAMMING 

To evaluate the rigid body motion coupling with fluid flow, using overlapping mesh motion strategy, 

free falling of a circular cylinder is studied. The neutrally-buoyant circular cylinder and the 

computational domain of two mesh component (6000 cells overlap and 15000 cells background 

meshes) is shown in Fig. 9.  

The cylinder is released from a position just above the still water level. It intersects the water surface 

with the downward velocity of 4 m/s. Here, no-slip boundary condition at cylinder wall, zero value 

at down boundary and zero-gradient at other boundaries are applied on velocity. Also, zero-gradient 

condition is used for pressure at whole boundaries. 

After the cylinder impacts on water surface, the velocity of cylinder is decreased significantly due to 

the effects of hydrodynamic forces. Fig. 10 shows the time history of vertical displacement and 

acceleration of the cylinder. The instantaneous vertical positions of the cylinder are compared with 

experimental data of Greenhow [27]. It shows a reasonably good agreement with experimental. 

Also, free surface deformation is shown in Fig. 11 for three time instants. Water spray is thrown up 

at each side of the cylinder and travel straight upward until they become unstable. As mentioned 

earlier, using overlapping mesh motion strategy, a problem is solved in different mesh components 

and the solution is transferred among them through their interfaces using a number of cells called 

interpolation cells. Such solved flow filed is typically shown in Fig. 12. It is obvious that data 

transfer is perfectly constructed. 

(a) (b) 
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Fig. 9 geometry and overlapping mesh for simulation of cylinder slamming; 

mesh components are background and overset 

 

 
Fig. 10: Time history of cylinder vertical displacement compared to experiment [27];  

t reference is the impact time and square is the overset mesh 

stationary background  

mesh of 15000 cells 

moving overset  

mesh of 6000 uniform cells 

25 cm 

60 cm 

8
0

 cm
 

11 cm 

4 m/s 

5
0

 cm
 

air 

water 

cylinder 
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Fig. 11 Free surface deformation in cylinder slamming; (a): simulation, (b): experiment [27]

 

 
Fig.12. Problem is solved in mesh components using overlapping mesh motion strategy;  
flow filed at t = 0.2s in stationary background (left) and moving overset (right) meshes 

 

CONCLUSION 

Motion is an essential part of many marine hydrodynamic problems. It is a rule than an exception to 

investigate motions behavior and exerted loads in marine structures design stages. CFD proposes a 

robust tool to deal with such cases and finite volume discretization is an appropriate choice to 

simulate fluid-structure interaction in marine environment. After developing an interfacial flow 
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solver, one has to implement a motion strategy among six available strategies to be able to simulate 

such a coupled problem. They directly effect on developed software area of coverage and its 

computational cost. Therefore, they must be assessed in the early stages of a numerical algorithm 

development. Present research clearly tells about three motion strategies with a potential to meet all 

requirements of a complicated fluid - structure interaction in marine environment. One has to select 

between them according to its previous experiences and encountered problems. 
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