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ABSTRACT 

In recent years, the IMO has introduced new regulations to reduce the negative impact of ships 

on the natural environment. A particularly important step forcing technological innovations is 

the increasing requirement of ship energy efficiency. It is expressed by the Energy Efficiency 

Design Index (EEDI). Another important step towards green shipping is raising the required 

quality of fuel used for propulsion, the so-called Tier limits. Higher demand of Low Sulfur 

Fuel Oil resulted in its price rising up by 200% in the past two years. All these aspects increase 

the importance of ship fuel economy. As a result, the hull resistance reduction plays a 

significant role in the design process of new vessels. For vessels operating at sites with 

moderate and rough waves, the shape of the hull and, in particular, the bow section plays an 

important role. The paper presents results of some of the research carried out as a part of the 

"Smart Propulsion System" research project. The presented stage of the work includes a full-

scale CFD simulation for a case study ship redesigned from an as-built V-shaped bulbous bow 

to three different innovative variants. Changes in the hull form were made in such a way that 

the redesigned hull versions preserved the main dimensions and hydrostatic parameters of the 

original design. The paper presents ship resistance analysis on calm water as a part of 

seakeeping analysis. The scope of the work was full-scale CFD simulations of four innovative 

hull forms in order to determine total resistance, dynamic trim and sinkage. The influence of 

bow and stern shape, wetted surface area and waterplane area on total resistance was 

investigated. Main conclusions were formulated for the novel hull forms being analysed. The 

scope of further work was formulated, and it included assessment of the combined influence 

of the ship’s speed and waving conditions on the performance at a specific operational site. 

To reduce fuel consumption, the optimal design and operation of the ship are equally important 

and can be supported by full-scale CFD simulations. 

 

REFERENCES 

[1] ITTC, “ITTC – Recommended Procedures and Guidelines - Practical guidelines for 

ship CFD applications. 7.5-03-02-03 (Revision 01),” in ITTC – Recommended 

Procedures and Guidelines, 2014, p. 19. 

[2] ITTC, “Practical Guidelines for Ship Resistance CFD - 7.5-03-02-04,” in ITTC – 

Recommended Procedures and Guidelines, 2014, pp. 1–9. 

[3] Z.-R. Zhang, H. Liu, S.-P. Zhu, and F. Zhao, “Application of CFD in ship engineering 

design practice and ship hydrodynamics,” J. Hydrodyn., vol. 18, iss. 3, suppl., pp. 

315–322, 2006. 

[4] H. C. Raven, A. van der Ploeg, A. R. Starke, and L. Eça, “Towards a CFD-based 

prediction of ship performance — Progress in predicting full-scale resistance and 

scale effects,” Trans. R. Inst. Nav. Archit. Part A Int. J. Marit. Eng., 2008. 

[5] R. Broglia, B. Bouscasse, B. Jacob, A. Olivieri, S. Zaghi, and F. Stern, “Calm water 

and seakeeping investigation for a fast catamaran,” FAST 2011 11th Int. Conf. Fast 

Sea Transp., 2011. 



 

[6] S. Percival, D. Hendrix, and F. Noblesse, “Hydrodynamic optimization of ship hull 

forms,” Appl. Ocean Res., 2001. 

[7] J. J. Maisonneuve, S. Harries, J. Marzi, H. C. Raven, U. Viviani, and H. Piippo, 

“Towards Optimal Design of Ship Hull Shapes,” 8th Int. Mar. Des. Conf., 2003. 

[8] H. Zakerdoost, H. Ghassemi, and M. Ghiasi, “An evolutionary optimization technique 

applied to resistance reduction of the ship hull form,” J. Nav. Archit. Mar. Eng., 2013. 

[9] K. V. Kostas, A. I. Ginnis, C. G. Politis, and P. D. Kaklis, “Ship-hull shape 

optimization with a T-spline based BEM-isogeometric solver,” Comput. Methods 

Appl. Mech. Eng., 2015. 

[10] F. Huang and C. Yang, “Hull form optimization of a cargo ship for reduced drag,” J. 

Hydrodyn., vol. 28, no. 2, pp. 173–183, 2016. 

[11] Y. K. Demirel, O. Turan, and A. Incecik, “Predicting the effect of biofouling on ship 

resistance using CFD,” Appl. Ocean Res., 2017. 

[12] Y. Li, K. Alame, and K. Mahesh, “Feature-resolved computational and analytical 

study of laminar drag reduction by superhydrophobic surfaces,” Phys. Rev. Fluids, 

2017. 

[13] D. Ponkratov and C. Zegos, “Validation of ship scale CFD self-propulsion simulation 

by the direct comparison with sea trials results,” in 4th Int. Symp. Marine Propulsors, 

2015. 

[14] S. Bhushan, T. Xing, P. Carrica, and F. Stern, “Model- and full-scale URANS 

simulations of Athena resistance, powering, seakeeping, and 5415 maneuvering,” J. 

Sh. Res., vol. 53, no. 4, pp. 179–198, 2009. 

[15] P. M. Carrica, H. Fu, and F. Stern, “Computations of self-propulsion free to sink and 

trim and of motions in head waves of the KRISO Container Ship (KCS) model,” Appl. 

Ocean Res., 2011. 

[16] A. Mofidi and P. M. Carrica, “Simulations of zigzag maneuvers for a container ship 

with direct moving rudder and propeller,” Comput. Fluids, vol. 96, pp. 191–203, 

2014. 

[17] A. Elhanafi, “Prediction of regular wave loads on a fixed offshore oscillating water 

column-wave energy converter using CFD,” J. Ocean Eng. Sci., vol. 1, no. 4, pp. 268–

283, 2016. 

[18] K. Niklas, “Strength analysis of a large-size supporting structure for an offshore wind 

turbine,” Polish Marit. Res., vol. 24, no. s1, Jan. 2017. 

[19] A. Elhanafi, G. Macfarlane, and D. Ning, “Hydrodynamic performance of single-

chamber and dual-chamber offshore-stationary Oscillating Water Column devices 

using CFD,” Appl. Energy, vol. 228, no. March, pp. 82–96, 2018. 

[20] Ulstein Design AS, “A foreship arrangement for a vessel of the deplacement type,” 

WO 2006/096066 A1, 2006. 

[21] J. H. Ferziger and M. Peric, Computational Methods for Fluid Dynamics. Springer, 

2002. 

[22] Y. C. Kim, K. S. Kim, J. Kim, Y. Kim, I. R. Park, and Y. H. Jang, “Analysis of added 

resistance and seakeeping responses in head sea conditions for low-speed full ships 

using URANS approach,” Int. J. Nav. Archit. Ocean Eng., vol. 9, no. 6, pp. 641–654, 

2017. 

[23] T. Tezdogan, Y. K. Demirel, P. Kellett, M. Khorasanchi, A. Incecik, and O. Turan, 

“Full-scale unsteady RANS CFD simulations of ship behaviour and performance in 

head seas due to slow steaming,” Ocean Eng., vol. 97, pp. 186–206, 2015. 

[24] Siemens PLM Software, “User Guide Star CCM+ v12.04,” 2017. 

[25] ITTC, “ITTC Quality System Manual Recommended Procedures and Guidelines 

Preparation , Conduct and Analysis of Speed / Power Trials 7.5-04-01-01.1,” 2017. 

 


