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ABSTRACT

The research describes the results of calculation of ship resistance, dynamic sinkage and trim in calm water
condition by solving unsteady Reynolds Averaged Navier-Stockes equation (RANSE). The free surface is modeled by
applying Volume-of-Fluid method. To achieve a high level of accuracy at some certain cells, the unstructured
hexahedral grid type has been employed and locally refined in the importance regions. The effect of grid size, y+
value on the predicted results are analyzed. It is indicated that the satisfied accuracy can be obtained with meshes of
lower million cells generated for half of the ship geometry. The well-known KCS containership is applied to verify
and validate the accuracy of case studies. With the research objectives set out, the author organizes this research
into four main parts as follows. Part 1: The Little Review; Part 2: Materials and Methods; Part 3: Numerical
simulation; Part 4: Results and Discussions.

Keywords: RANSE, Resistance, CFD, trim, sinkage.

1. INTRODUCTION

In ship hydrodynamics computation, the problem of determining the ship resistance is a key factor in the design of
the propulsion system. As it involves estimating the ship required horsepower to gain the design speed. In order to
achieve a reliable result for ship resistance prediction, it is necessary to perform the model tests in towing tank. The
obtained measured results then it will be extrapolated to the full scale based on extrapolation methods has been
proposed by International Towing Tank Conference (ITTC). Nevertheless, the experimental method has
disadvantage are time and cost consuming due to both model manufacturing and the experiment itself. Hence, this
method is not used in the initial ship design stage.

2. MAIN CONTENTS

Nowadays, Computational Fluid Dynamics (CFD) has made a considerable progress in the field prediction of ship
hydrodynamics in general and ship resistance in particular. With the fast advance of computational resources, CFD
methods have been widely used in ship designing and ship resistance predictions. CFD methods provides relatively
accurate results, fast and inexpensive in comparison with the experimental method. Moreover, they can provide the
visualization of flow quantities, i.e. wall shear stress, pressure distribution on ship hull, wave elevation contour and
streamlines, which provide designers information to develop or improve ship hull form with respect to minimize
ship resistance. The group of CFD methods applied to predict ship hydrodynamics characteristics includes: Large
Eddy Simulation, Potential flow theory and Reynolds Averaged Navier-Stokes equations (RANSE). At the moment,
the most popular method is widely used in predict ship resistance is the RANSE method, since it gives a sufficient
level of accuracy of obtained results for engineering purposes at acceptable computational time [2-10]. Hence, this
paper uses the RANSE method for simulation flow around the ship.

Some useful results applying the RANSE method for simulation flow around the ship have been already achieved by
researchers. Tahara et al. [12] and Kim et al. [13] have carried out comparison of turbulence models for prediction
of wake around the ship. Islam et al. [14] performed uncertainty analysis in ship resistance evaluation for different
ship model. Aiguo et al. [15] used RANSE method with turbulence model SST k- to predict the ship resistance for
DTMB vessel. The deviation between the predicted results and the measured value varies from 1.25 to 3.86%.
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Chengsheng et al. [16] used RANSE method with k-g turbulence model to evaluate the ship resistance for DTMB
vessel ship in model scale ranges from 0.12 to 2.36%. The error between the calculated results and the measured
data is less than 4% in all range of Froude numbers. Those previous researches mentioned above gives a helpful data
source for the further research flow around ship using RANSE method.

3. CONCLUSIONS

The above studies play an essential role in further research about the influence of turbulence models on the accuracy
of ship resistance and discrepancies about flows around the ship. However, present studies reviewed above still lack
analysis of the effect of turbulence model on the accuracy of obtained ship resistance, trim and sinkage, wave
pattern, convergence time, and computational time-consuming. It is necessary to consider these mentioned issues to
avoid the errors caused by choosing the turbulence model, reducing the calculation time, and maintaining accuracy.
This is also the content that will be presented in future studies.
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