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I. INTRODUCTION 

 

The increasing demand for fuel-efficient high-speed 

marine transportation has intensified research into 

hull-form optimization, energy-saving appendages 

and computational hydrodynamic design (Bertram, 

2012). Offshore surfer vessels, fast crew suppliers, 

patrol boats and other semi-displacement or high-

speed displacement craft often operate under 

demanding conditions where speed, trim, resistance, 

seakeeping, operational safety and fuel economy are 

simultaneously important (Yang & Huang, 2016).  

 

In such vessels, total resistance rises significantly 

with speed, especially where wave-making 

resistance, stern-wave generation, transom flow 

separation and running trim become dominant 

hydrodynamic issues (Molland et al., 2011). 

Consequently, recent literature has shifted from 

conventional empirical hull design toward integrated 

CAD modelling, NURBS-based surface refinement, 

CFD prediction, motion analysis and effective-power 

computation (Papanikolaou, 2014; Molland et al., 

2017). 

 

The hull vane has emerged as one of the most 

promising stern-mounted hydrofoil appendages for 

reducing resistance and improving vessel 

performance (Budiarto & Firdhaus, 2021). It is 

generally described as a fixed submerged wing 

located near the transom, designed to interact with 

the upward stern flow, generate a useful forward 

force component, suppress the stern wave and modify 

running trim (Bouckaert et al., 2016). Its application 

has been examined in patrol vessels, yachts, ferries, 

RoPax ships, semi-displacement vessels and high-

speed displacement hulls (Hannan et al., 2018; Hou 

et al., 2020). More recent research continues to show 

that hull-vane effectiveness depends on longitudinal 

position, vertical position, foil section, chord length, 

span, angle of attack and interaction with the stern 

flow field (Çelik & Danışman, 2023). 

 

This review is structured around the present study’s 

objectives: designing a hull vane tailored to the aft 

hull form of an existing surfer vessel using advanced 

CAD and Maxsurf; achieving resistance reduction 

through CFD-predicted stern-flow control; improving 

hydrodynamic performance and running trim through 

Maxsurf analysis; determining effective power using 

MATLAB; and comparing the bare hull and hull-

vane vessel using resistance and motion simulation 

results. 

 

1.1  Hull Vane Development and Relevance to 

Fuel Economy 

The hull vane concept developed from earlier 

hydrofoil and stern-appendage research, where 

designers sought to recover energy from the aft flow 

and reduce stern-wave losses (Uithof et al., 2014). 

Unlike a bulbous bow, which modifies the bow-wave 

system, the hull vane acts behind or below the stern 

and uses the local inflow angle to create a lift vector 

with a forward component (Bouckaert et al., 2015). 

This forward component can partly offset the hull’s 

resistance, while the vertical component can improve 

dynamic trim and reduce stern sinkage (Avala, 2017). 

This makes the device particularly relevant for 

vessels operating at moderate to high Froude 

numbers, where stern-wave formation and running 

trim have strong influence on effective power. 
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Figure 1: Hull Vane Interaction 

 

Previous studies have reported different levels of 

resistance and fuel reduction because the device is 

highly vessel-specific. Uithof et al. (2014) reported 

that commercial resistance reductions are commonly 

within the 5–10% range, while larger reductions may 

occur for suitable hull forms and operating speeds. 

Bouckaert et al. (2015) and Bouckaert et al. (2016) 

showed that the hull vane could improve fuel 

consumption and seakeeping on Holland-class 

offshore patrol vessels. Uithof et al. (2016a) 

compared the hull vane with interceptors, trim 

wedges and ballasting on a 50 m patrol vessel and 

found that the hull vane produced the highest 

resistance reduction over much of the tested speed 

range. Hagemeister et al. (2017) further compared 

hull vane application with hull lengthening and 

concluded that a hull vane may provide a more 

beneficial energy-saving option than simply 

increasing vessel length (Budiyanto et al., 2020b). 

Similar conclusions have been supported in later 

experimental and numerical studies on stern foils and 

hull vanes (Goutham & Vijayakumar, 2022). 

For an offshore surfer vessel, fuel economy is 

especially important because such vessels often 

undertake repeated crew-transfer trips, operate under 

tight schedules and consume considerable fuel at high 

service speeds (Hannan et al., 2018). The present 

study’s first objective improving the fuel economy of 

an existing surfer vessel by designing a hull vane 

tailored to the aft hull form is therefore consistent 

with the direction of recent hydrodynamic research 

(Çelik et al., 2019). However, the literature also 

emphasizes that hull-vane benefits are not automatic; 

poor placement or unsuitable angle of attack may 

increase appendage drag and reduce performance 

(Soma & Vijayakumar, 2023). Therefore, a case-

specific design approach using CAD, NURBS 

refinement, Maxsurf and CFD is necessary. 

 

1.2 CAD Modelling, NURBS Refinement and 

Aft-Hull Integration 

Modern hull-vane design begins with accurate 

geometric representation of the existing vessel (Yang 

& Huang, 2016). Traditional ship design relied 

heavily on lines plans, offsets, body plans and 

manual fairing (Zhang et al., 2017). Current 

hydrodynamic optimization requires digital geometry 

that can be modified, linked to appendages and 

exported for simulation (Zhu et al., 2024). NURBS-

based modelling has become central in ship design 

because it allows smooth mathematical representation 

of complex hull surfaces and local shape 

modification without destroying surface fairness 

(Walker, 2024; Walker, 2025). In particular, NURBS 

surfaces are well-suited to hull-form modelling 

because they can represent curved stern regions, 

transom details, chine lines, and hydrofoil surfaces 

with high continuity. 
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Zhou et al. (2022) noted that NURBS-based 

parametric ship-hull design supports surface 

representation, feature-parameter control and 

geometric deformation. This is important for hull-

vane design because the hydrofoil must be matched 

to the vessel’s aft-body flow rather than treated as a 

detached component. Simulation-based hull 

optimization requires coordination between geometry 

modification, hydrodynamic evaluation and 

optimization algorithms (Zha et al., 2021; Dong et 

al., 2025). Therefore, the use of advanced CAD 

followed by Maxsurf Design refinement is justified 

because it allows the researcher to develop a fair hull-

vane model, adjust foil parameters and ensure that the 

resulting geometry is suitable for resistance and 

motion analysis. 

 

Recent studies also show growing interest in 

parametric and data-driven hull modelling. Yu and 

Wang (2018) used principal component analysis and 

deep neural networks for hull-form optimization, 

while Khan et al. (2023), Yonekura et al. (2023), 

Bagazinski and Ahmed (2023), and Bagazinski and 

Ahmed (2024) explored generative and diffusion-

model approaches for ship-hull generation. Although 

the present research does not require artificial 

intelligence-based hull generation, these studies 

confirm a broader movement toward computational 

geometry, parametric control and performance-driven 

hull design. For the present surfer vessel, CAD and 

NURBS refinement are suitable because the aim is 

not to create an entirely new vessel but to adapt a hull 

vane to an existing stern form and assess how it 

changes resistance, trim and wake behaviour. 

 

1.3 Hull Form Parameters and Resistance 

Behaviour 

Resistance reduction cannot be separated from hull-

form parameters. Length, beam, draught, 

displacement, block coefficient, prismatic coefficient, 

wetted surface area, transom immersion and stern 

geometry all influence calm-water resistance and 

motion behaviour. For high-speed vessels, wave-

making resistance and dynamic trim are particularly 

sensitive to length-displacement ratio, beam-draught 

ratio, longitudinal centre of buoyancy and stern shape 

(Papanikolaou, 2014; Babadi et al., 2024). Zha et al 

(2021), suggest that hull-form optimization often 

involves trade-offs because a change that reduces 

resistance at one speed may increase resistance or 

worsen seakeeping at another speed. 

 

 

Figure 2: Ship Terminology View 
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The surfer vessel is expected to operate over a range 

of speeds rather than at one fixed design speed. 

Therefore, the hull vane must be optimized across the 

operational speed range. This aligns with studies 

showing that hull-vane benefits vary with Froude 

number. Uithof et al. (2016a) found that hull-vane 

effectiveness depends strongly on speed and aft-flow 

condition. Avala (2017) observed that resistance 

reduction for high-speed round-bilge hulls fitted with 

hull vanes varies across Froude numbers. Budiyanto 

et al. (2020a) found that stern-foil performance 

changed with angle of attack and Froude number. 

Soma and Vijayakumar (2023) also showed that X 

and Z positioning of the hull vane affects its 

hydrodynamic benefit. These studies support the 

present research objective of targeting resistance 

reduction across the operating speed range rather than 

at a single speed point. 

 

Uithof et al (2016a) analysed appendage selection, 

which considered whether resistance reduction is 

achieved mainly through trim change, wave 

suppression or thrust generation. Interceptors and 

trim wedges influence pressure and trim at the 

transom, while hull vanes combine trim correction 

with hydrofoil lift and stern-wave suppression. Thus, 

the hull vane is suitable for the present study because 

it directly addresses the surfer vessel’s drag, stern-

wave and running-trim challenges. 

 

1.4 CFD Prediction of Stern Flow, Low-

Pressure Region and Wake Energy Loss 

The second objective of the present study is to 

optimize motion resistance by achieving a 7% 

reduction across the operational speed range through 

creation of a low-pressure region at the stern, 

suppression of stern waves and minimization of wake 

energy losses using CFD-predicted results (Shi et al., 

2012). CFD is particularly suitable for this objective 

because it allows detailed examination of pressure 

distribution, free-surface elevation, wave pattern, 

wake field, velocity distribution and resistance 

components (Kleinsorge & Bronsart, 2016). Unlike 

purely empirical resistance prediction, CFD can show 

how the hull vane modifies the stern flow and 

whether the added foil produces net resistance benefit 

(ITTC, 2024). 

The main hydrodynamic mechanism is that the vane 

interacts with the upward flow behind the hull. When 

properly positioned, it creates lift whose horizontal 

component acts in the forward direction (Uithof et 

al., 2014). At the same time, it redirects flow more 

horizontally, reduces the stern-wave trough and 

decreases wave-making losses (Goutham & 

Vijayakumar, 2022). Ra’uf et al. (2025) demonstrated 

through SHIPFLOW simulations that hull-vane 

position and angle of attack strongly influence total 

resistance, delivered power and propulsive efficiency 

(Uithof et al., 2016a). This confirms that CFD is not 

merely a validation tool but a design-optimization 

tool for selecting the most suitable vane configuration 

(Bouckaert et al., 2016). 

 

For the present study, CFD should be applied to both 

the bare hull and the hull-vane configuration under 

identical speed, displacement and trim assumptions. 

The target of 7% reduction is realistic when 

compared with previous findings, but it must be 

verified through simulation over the operating speed 

range. Literature shows that stern foils and hull vanes 

may produce reductions below or above this target 

depending on geometry and speed (Hannan et al., 

2018). A careful CFD workflow must include 

geometry cleanup, domain definition, free-surface 

modelling, mesh refinement, turbulence modelling, 

boundary-condition setting and convergence 

assessment (ITTC, 2017; Korkmaz et al., 2026). 

 

1.5 Maxsurf Analysis, Trim Optimization and 

Motion Response 

The third objective is to optimize hydrodynamic 

performance and reduce running trim so that the 

vessel operates at an optimal angle across different 

speeds using Maxsurf analysis (Budiyanto et al., 

2020a). Running trim is a critical performance 

indicator for high-speed craft because excessive bow-

up trim increases wave-making resistance, while 

excessive bow-down trim may increase wetted 

surface, reduce comfort and increase hydrodynamic 

loading (Suneela et al., 2020). Studies on hull vanes, 

interceptors and stern foils show that trim correction 

is one of the main pathways through which stern 

appendages reduce resistance (Chen et al., 2024). 

Maxsurf is relevant because it supports hull 

modelling, hydrostatic evaluation, resistance 
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prediction, powering and motions analysis. In a hull-

vane study, Maxsurf can be used to establish baseline 

resistance and motion behaviour, compare trim across 

speed points, and evaluate how the appended hull 

vane affects the vessel’s hydrodynamic profile. Ra’uf 

et al. (2025) used a hull form from the Maxsurf 

library and validated CFD predictions using Maxsurf 

and Holtrop–Mennen resistance estimation. This 

supports the present study’s proposed workflow, 

where Maxsurf analysis provides a bridge between 

CAD geometry and CFD/MATLAB post-processing. 

Seakeeping performance is also important because 

surfer vessels may operate in offshore environments 

where pitch, heave and acceleration affect crew 

comfort and operational safety. Hull-vane studies 

indicate that the foil may damp pitch motion and 

reduce added resistance in waves (Bhatia et al., 

2023). However, the seakeeping benefit depends on 

speed, wave condition, vessel form and vane 

placement. Therefore, the present research should 

compare pitch, heave, trim and resistance response 

for the vessel with and without the vane. Such 

comparison will show whether the hull vane 

improves both calm-water resistance and motion 

performance or whether it introduces undesirable 

trim or motion effects at some speeds. 

 

1.6 Effective Power Estimation and MATLAB-

Based Performance Evaluation 

The fourth objective is to determine effective power 

using MATLAB coding. Effective power is the 

power required to overcome total resistance at a 

given speed and is expressed as: 

 

Pe = RT × V 

 

Where 

Pe is effective power,  

RT is total resistance and  

V is vessel speed.  

 

This calculation is central to marine powering 

because resistance reduction is meaningful only when 

translated into lower power demand, fuel 

consumption and operating cost (Larsson & Raven, 

2010). Ship resistance and propulsion texts 

emphasize that effective power links hull 

hydrodynamics to engine and propulsion 

requirements (Carlton, 2012). ITTC procedures also 

emphasize resistance testing, uncertainty control and 

power prediction as essential components of reliable 

hydrodynamic performance assessment (ITTC, 

2021). 

 

Figure 3: Ship Hull Resistance 

 

MATLAB is useful in this study because it can 

process resistance outputs from Maxsurf and CFD, 

calculate effective power for each speed, generate 

speed-resistance and speed-power curves, and 
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compute percentage reductions for the hull-vane 

vessel relative to the bare hull. This supports 

objective and repeatable comparison. MATLAB can 

also be used for interpolation across operational 

speed points, error checking, numerical plotting and 

sensitivity analysis. Similar computational post-

processing approaches are common in modern ship 

performance studies, where numerical outputs are 

converted into design indicators such as resistance 

coefficient, delivered power, propulsive efficiency 

and fuel-saving percentage (Korkmaz et al., 2021). 

For the present surfer vessel, MATLAB-based 

effective-power calculation should be carried out for 

the bare hull and the hull-vane hull at each selected 

speed. The percentage power saving can be obtained 

as: 

 

Power saving (%) = [(Pe,bare − Pe,hull vane) / 

Pe,bare] × 100 

 

This will allow the study to evaluate whether the 

target 7% resistance reduction produces a meaningful 

reduction in effective power. It will also show 

whether the hull vane performs better at low, medium 

or high service speeds. This is important because 

previous studies show that hull-vane benefits are 

often speed-dependent (Ra’uf et al., 2025). 

 

1.7 Comparative Analysis of Vessel with and 

Without Hull Vane 

The fifth objective is to compare the performance of 

the vessel with and without hull vane through 

resistance model-test results and Maxsurf motion 

simulation analysis. Comparative evaluation is 

essential because the hull vane itself introduces 

appendage drag; therefore, the device is beneficial 

only when the forward thrust, trim improvement and 

wave reduction exceed the drag penalty. Literature on 

hull-vane performance consistently adopts this 

comparative method, using bare hull results as the 

benchmark and appended-hull results as the modified 

case (Budiarto & Firdhaus, 2021). 

 

The comparison should cover total resistance, wave-

making resistance, effective power, running trim, 

sinkage, pitch response and wake structure. In 

addition, CFD visualization should be used to 

compare pressure contours and wave profiles. A 

successful hull-vane configuration should show lower 

total resistance, smoother stern wake, improved 

running trim and reduced effective power across the 

operational speed range. Where motion analysis is 

included, pitch and heave response should not worsen 

under typical operating conditions (Babadi et al., 

2024). 

 

The comparison also helps identify design trade-offs. 

A hull vane optimized for one speed may not be 

optimal at all speeds; an angle of attack that reduces 

resistance at one condition may increase drag at 

another; and a foil that improves trim may produce 

excessive bow-down attitude at higher Froude 

numbers (Hannan et al., 2018). Therefore, the study 

should evaluate average performance across the 

operational speed range rather than selecting a design 

solely because it performs well at one speed. 

 

II. RESEARCH GAP 

 

Although hull-vane research has expanded, several 

gaps remain. First, most published studies focus on 

patrol vessels, yachts, ferries, RoPax vessels, 

container vessels and generic high-speed 

displacement hulls, while fewer studies focus 

specifically on offshore surfer vessels or crew-

transfer craft (Ra’uf et al., 2025). Second, many 

studies evaluate resistance reduction but do not fully 

integrate CAD modelling, NURBS refinement, 

Maxsurf analysis, CFD prediction and MATLAB-

based effective-power computation into one 

workflow (Dong et al., 2025). 

 

Third, existing research often emphasizes idealized or 

newly generated hull forms, while the present study 

focuses on improving an existing surfer vessel. 

Retrofitting or adapting a hull vane to an existing 

stern requires careful consideration of aft geometry, 

transom flow, structural feasibility and operational 

profile (Çelik & Danışman, 2023). Fourth, many 

studies report maximum resistance reduction at 

selected speeds, but fewer examine a specified 

reduction target across a defined operational speed 

range. The present study addresses this by aiming for 

a 7% reduction across operational speeds, not merely 

at one design speed. 
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Finally, there is a need for more studies that connect 

hydrodynamic improvement to effective power and 

fuel-economy interpretation. Since fuel economy 

depends on resistance, power demand and speed 

profile, MATLAB-based post-processing of Maxsurf 

and CFD outputs will provide a clearer understanding 

of whether the proposed hull vane delivers 

meaningful operational benefit (DeKeyser et al., 

2022). This study therefore contributes to the 

literature by applying an integrated design-analysis-

comparison framework to an offshore surfer vessel. 

 

III. SUMMARY OF LITERATURE REVIEW 

 

The reviewed literature shows that hull vanes and 

stern foils can reduce resistance, improve trim, 

suppress stern waves and reduce effective power 

when properly designed and positioned. However, 

their performance is highly dependent on vessel 

form, Froude number, foil geometry, longitudinal 

position, vertical depth and angle of attack. CAD and 

NURBS-based modelling provide the geometric 

foundation for accurate hull-vane design, while 

Maxsurf supports hull refinement, resistance 

prediction and motion analysis. CFD enables detailed 

prediction of stern pressure field, wave pattern and 

wake-energy loss, while MATLAB allows effective-

power calculation and performance comparison. 

Therefore, the proposed study is justified because it 

integrates these tools to improve the fuel economy 

and hydrodynamic performance of an existing surfer 

vessel and compares the bare hull with the hull-vane 

design using resistance and motion simulation results. 

 

REFERENCES 

 

[1] Abramowski, T., & Szelangiewicz, T. (2010). 

Numerical analysis of influence of ship hull form 

modification on ship resistance and propulsion 

characteristics. Polish Maritime Research. 

[2] Aksenov, A., Pechenyuk, A., & Vucinic, D. (2015). 

Ship hull form design and optimization based on 

CFD. In Proceedings of the International Conference 

on Computer Applications and Information 

Technology in the Maritime Industries. 

[3] Avala, V. K. (2017). CFD analysis of resistance 

characteristics of high-speed round-bilge hull forms 

fitted with a Hull Vane® [Master’s thesis, Florida 

Institute of Technology]. 

[4] Babadi, M. K., Khedmati, M. R., & Amini, E. (2024). 

Optimization of ship hull forms by changing CM and 

CB coefficients to obtain optimal seakeeping 

performance. PLOS ONE, 19(5), e0302054. 

[5] Bagazinski, N. J., & Ahmed, F. (2023). ShipGen: A 

diffusion model for parametric ship hull generation 

with multiple objectives and constraints. arXiv 

preprint. 

[6] Bagazinski, N. J., & Ahmed, F. (2024). C-ShipGen: 

A conditional guided diffusion model for parametric 

ship hull design. arXiv preprint. 

[7] Bentley Systems. (2024). Maxsurf naval architecture 

software. Bentley Systems. 

[8] Bertram, V. (2012). Practical ship hydrodynamics 

(2nd ed.). Butterworth-Heinemann. 

[9] Bhatia, M., Das, N., Dutta, P., & Chattopadhyay, H. 

(2023). Numerical analysis on the seakeeping 

performances of a full-scale container ship hull using 

strip theory. Physics of Fluids, 35(11), 114106. 

[10] Bouckaert, B., Uithof, K., Van Oossanen, P. G., 

Moerke, N., Nienhuis, B., & Van Bergen, J. (2015). 

A life-cycle cost analysis of the application of a Hull 

Vane® to an offshore patrol vessel. In Proceedings of 

the 13th International Conference on Fast Sea 

Transportation. 

[11] Bouckaert, B., Uithof, K., Van Oossanen, P. G., & 

Moerke, N. (2016). Hull Vane® on Holland-class 

OPVs: A CFD analysis of the effects on seakeeping. 

In Proceedings of the International Naval 

Engineering Conference and Exhibition. 

[12] Budiarto, U., & Firdhaus, A. (2021). Analysis of the 

effect of hull vane on ship resistance using CFD 

methods. IOP Conference Series: Earth and 

Environmental Science, 649, 012051. 

[13] Budiyanto, M. A., Murdianto, M. A., & Syahrudin, 

M. F. (2020a). Study on the resistance reduction on 

high-speed vessel by application of stern foil using 

CFD simulation. CFD Letters, 12(4), 35–42. 

[14] Budiyanto, M. A., Syahrudin, M. F., & Murdianto, 

M. A. (2020b). Investigation of the effectiveness of a 

stern foil on a patrol boat by experiment and 

simulation. Cogent Engineering, 7, 1716925. 

[15] Carlton, J. S. (2012). Marine propellers and 

propulsion (3rd ed.). Butterworth-Heinemann. 



© SEP 2026 | IRE Journals | Volume 10 Issue 3 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV10I3-1722846 

 

IRE 1722846          ICONIC RESEARCH AND ENGINEERING JOURNALS 983 

[16] Çelik, C., Danışman, D. B., Kaklis, P., & Khan, S. 

(2019). An investigation into the effect of the hull 

vane on the ship resistance in OpenFOAM. In 

Sustainable Development and Innovations in Marine 

Technologies. 

[17] Çelik, C., & Danışman, D. B. (2023). Powering 

performance prediction of a semi-displacement ship 

retrofitted with Hull Vane. Ocean Engineering, 286, 

115561. 

[18] Chen, Q., Wang, Y., Liu, Y., Zhang, H., & Li, J. 

(2024). Design and principles analysis of hydrofoil 

appendages for reducing resistance of high-speed 

ships. Journal of Marine Science and Engineering, 

12(8), 1394. 

[19] DeKeyser, S., Morobé, C., & Mittendorf, M. (2022). 

Towards improved prediction of ship performance: A 

comparative analysis on in-service ship monitoring 

data for modeling the speed-power relation. arXiv 

preprint. 

[20] Dong, Y., Li, X., Wang, C., & Zhang, Y. (2025). 

Hybrid ship design optimization framework 

integrating simulation-based design and surrogate 

modelling. Applied Sciences, 15(19), 10318. 

[21] Goutham, S., & Vijayakumar, R. (2022). Effect of 

Hull Vane on wave-making resistance of high-speed 

displacement vessel. In Proceedings of the 

International Naval Engineering Conference. 

[22] Hagemeister, N., Uithof, K., Bouckaert, B., & 

Mikelic, A. (2017). Hull Vane® versus lengthening: 

A comparison between four alternatives for a 61 m 

OPV. Proceedings of FAST Conference. 

[23] Hannan, M. A., Adnan, A. Y., & Xiao, B. (2018). 

Effects of hull vanes on resistance and seakeeping 

performance of naval vessels. Naval Architecture 

Research Report. 

[24] Hou, H., Krajewski, M., Ilter, Y. K., Day, S., Atlar, 

M., & Shi, W. (2020). An experimental investigation 

of the impact of retrofitting an underwater stern foil 

on the resistance and motion. Ocean Engineering, 

205, 107290. 

[25] International Maritime Organization. (2011). 

Guidelines on the method of calculation of the 

attained Energy Efficiency Design Index for new 

ships. IMO. 

[26] International Maritime Organization. (2018). Initial 

IMO strategy on reduction of GHG emissions from 

ships. IMO. 

[27] International Maritime Organization. (2023). 2023 

IMO strategy on reduction of GHG emissions from 

ships. IMO. 

[28] International Towing Tank Conference. (2017). 1978 

ITTC performance prediction method: 

Recommended procedures and guidelines. ITTC. 

[29] International Towing Tank Conference. (2021). 

Resistance and propulsion committee final report. 

ITTC. 

[30] International Towing Tank Conference. (2024). 

Practical guidelines for ship resistance CFD. ITTC. 

[31] International Towing Tank Conference. (2024). 

High-speed marine vehicles resistance test: 

Recommended procedures and guidelines. ITTC. 

[32] Kamal, I. M., Othman, N. A., Riza, A. N. F. M., 

Ahmed, Y. A., Hannan, M. A., Kamil, S., Muslim, 

M., & Nuruddin, H. (2022). Investigation on the 

effect of the bulbous bow shape to the resistance 

components and wave profiles of small ships. In 

Advanced Maritime Technologies and Applications. 

Springer. 

[33] Khan, S., Goucher-Lambert, K., Kostas, K., & 

Kaklis, P. (2023). ShipHullGAN: A generic 

parametric modeller for ship hull design using deep 

convolutional generative model. arXiv preprint. 

[34] Kiryanto, Budiarto, U., & Firdhaus, A. (2021). 

Analysis of the effect of hull vane on ship resistance 

using CFD methods. IOP Conference Series: Earth 

and Environmental Science, 649, 012051. 

[35] Kleinsorge, L., & Bronsart, R. (2016). A 

computational environment for rapid CFD ship 

resistance predictions. In Proceedings of PRADS. 

[36] Korkmaz, K., Werner, S., & Bensow, R. E. (2021). 

Validation of full-scale delivered power CFD 

simulations. Ocean Engineering. 

[37] Korkmaz, K., Werner, S., & Bensow, R. E. (2026). A 

validation study of full-scale CFD simulation for sea 

trial performance prediction. Journal of Marine 

Science and Engineering. 

[38] Larsson, L., & Raven, H. C. (2010). Ship resistance 

and flow. Society of Naval Architects and Marine 

Engineers. 



© SEP 2026 | IRE Journals | Volume 10 Issue 3 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV10I3-1722846 

 

IRE 1722846          ICONIC RESEARCH AND ENGINEERING JOURNALS 984 

[39] Miao, A., Wan, D., & Shen, Z. (2017). CFD-based 

hull form optimization for enhancement of resistance 

and seakeeping performance. In Proceedings of the 

International Workshop on Ship and Marine 

Hydrodynamics. 

[40] Molland, A. F., Turnock, S. R., & Hudson, D. A. 

(2011). Ship resistance and propulsion: Practical 

estimation of ship propulsive power. Cambridge 

University Press. 

[41] Molland, A. F., Turnock, S. R., & Hudson, D. A. 

(2017). Ship resistance and propulsion: Practical 

estimation of ship propulsive power (2nd ed.). 

Cambridge University Press. 

[42] Nuruddin, H., Kamal, I. M., Mansor, M. N., & Hafid, 

N. M. (2017). Investigation on the effect of bulbous 

bow shape to the wave-making resistance of an ultra 

large container carrier. ARPN Journal of Engineering 

and Applied Sciences, 12, 1254–1259. 

[43] Onwuegbuchunam, D. E., Okoroji, L. I., & Nwaoha, 

T. C. (2019). Ship hull form optimization: A 

computational fluid dynamics approach. International 

Journal of Transportation Engineering and 

Technology, 5(3), 43–49. 

[44] Papanikolaou, A. (2014). Ship design: Methodologies 

of preliminary design. Springer. 

[45] Ra’uf, M. I. S. A., Kamal, I. M., Othman, N. A., & 

Ahmed, Y. A. (2025). Computational investigation of 

Hull Vane effects on resistance and propulsive 

performance of a patrol vessel. Journal of Marine 

Science and Engineering, 13(8), 1507. 

[46] Shi, A., Wu, M., Yang, B., Wang, X., & Wang, Z. 

(2012). Resistance calculation and motions 

simulation for free surface ship based on CFD. 

Procedia Engineering, 31, 68–74. 

[47] Soma, G. C., & Vijayakumar, R. (2023). Numerical 

investigation on the effect of hull vane for a high-

speed displacement vessel. Ships and Offshore 

Structures. 

https://doi.org/10.1080/17445302.2023.2239541 

[48] Suneela, J., Krishnankutty, P., & Anantha 

Subramanian, V. (2020). Numerical investigation on 

the hydrodynamic performance of high-speed planing 

hull with transom interceptor. Ships and Offshore 

Structures, 15(sup1), S134–S142. 

[49] Tezdogan, T., Incecik, A., Turan, O., Kellett, P., & 

Dedes, E. K. (2015). Assessing the impact of a slow 

steaming approach on reducing the fuel consumption 

of ships. Transportation Research Procedia, 14, 

3846–3855. 

[50] Uithof, K., Bouckaert, B., Van Oossanen, P. G., & 

Moerke, N. (2016b). The effects of the Hull Vane® 

on ship motions of ferries and RoPax vessels. In 

RINA Design and Operation of Ferries and Ro-Pax 

Vessels. 

[51] Uithof, K., Hagemeister, N., Bouckaert, B., Van 

Oossanen, P. G., & Moerke, N. (2016a). A systematic 

comparison of the influence of the Hull Vane®, 

interceptors, trim wedges, and ballasting on the 

performance of the 50 m AMECRC Series #13 patrol 

vessel. In Warship 2016: Advanced Technologies in 

Naval Design, Construction and Operation. 

[52] Uithof, K., Van Oossanen, P. G., Moerke, N., Van 

Oossanen, P. G., & Zaaijer, K. S. (2014). An update 

on the development of the Hull Vane®. In 

Proceedings of the 9th International Conference on 

High-Performance Marine Vehicles. 

[53] Walker, J. M. (2024). Data-driven models for yacht 

hull resistance optimization: Exploring geometric 

parameters beyond the boundaries of the Delft 

systematic yacht hull series. Delft University of 

Technology. 

[54] Walker, J. M. (2025). Hull form design optimization 

using computational fluid dynamics and data-driven 

models [Doctoral dissertation, Delft University of 

Technology]. 

[55] Yang, C., & Huang, F. (2016). An overview of 

simulation-based hydrodynamic design of ship hull 

forms. Journal of Hydrodynamics, 28, 947–960. 

[56] Yonekura, K., Omori, K., Qi, X., & Suzuki, K. 

(2023). Designing ship hull forms using generative 

adversarial networks. arXiv preprint. 

[57] Yu, D., & Wang, L. (2018). Hull form optimization 

with principal component analysis and deep neural 

network. arXiv preprint. 

[58] Zha, L., Ye, H., Ma, N., & Yang, C. (2021). Hull 

form optimization for reduced calm-water resistance 

and improved vertical motion performance. Ocean 

Engineering. 

[59] Zhang, S., Tezdogan, T., Demirel, Y. K., & Incecik, 

A. (2017). Computational fluid dynamics-based hull 

form optimization using approximation method. 



© SEP 2026 | IRE Journals | Volume 10 Issue 3 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV10I3-1722846 

 

IRE 1722846          ICONIC RESEARCH AND ENGINEERING JOURNALS 985 

Engineering Applications of Computational Fluid 

Mechanics, 11(1), 208–221. 

[60] Zhou, H., Feng, B., Liu, Z., Chang, H., & Cheng, X. 

(2022). NURBS-based parametric design for ship 

hull form. Journal of Marine Science and 

Engineering, 10(5), 686. 

[61] Zhu, S., Lv, S., Chen, K., Fang, W., & Cao, L. 

(2024). Research progress on intelligent optimization 

techniques for energy-efficient design of ship hull 

forms. arXiv preprint. 

 

 

 

 


