
 

 

 
 

 

Report of the Full-Scale Ship Perfor-

mance Committee 

© ITTC-A 2024 

 

1. INTRODUCTION  

1.1  Membership and Meetings 

The members of the Full Scale Ship Perfor-

mance Committee of the 30th ITTC are: 
 

• Hideo Orihara (Chair) 

Japan Marine United Corporation 

(JMUC), Japan 

 

• Sebastian Bielicki (Secretary) 

Maritime Advanced Research Centre 

(CTO), Poland 

 

• Se-Myun Oh 

Samsung Heavy Industries (SHI), South 

Korea 

 

• Gongzhen Xin 

China Ship Scientific Research Centre 

(CSSRC), China 

 

• Gijs Struijk 

Maritime Research Institute Netherlands 

(MARIN), The Netherlands 

 

• Giuliano Vernengo 

Università de Genova, Italy 

 

• Stephen Minnich 

Naval Surface Warfare Center, Card-

erock Division (NSWCCD), United 

States of America 

 

• Peiyuan Feng 

Marine Design and Research Institute of 

China (MARIC), China 

 

• Mariko Kuroda 

National Maritime Research Institute 

(NMRI), Japan 

 

• Seok-Ho Son  

Hyundai Heavy Industries (HHI), South 

Korea (until Dec. 2022 replaced by Min 

Woo Kim) 

 

• Min Woo Kim 

Hyundai Heavy Industries (HHI), South 

Korea (from Jan. 2023) 

 

Thirteen committee meetings have been held 

during the work period: 

• First meeting, 6, December, 2021, On-

line. All members attended.  

• Second meeting, 4, March, 2022, On-

line. All members except 2 members 

(Gijs Struijk from MARIN, Seok-Ho 

Son from HHI) attended. 
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• Third meeting, 16, May, 2022, On-line. 

All members except 5 members (Gijs 

Struijk from MARIN, Giuliano 

Vernengo from Genova University, Ste-

phen Minnich from NSWCCD, Seok-Ho 

Son from HHI) attended. 

• Fourth meeting, 13, July, 2022, On-line. 

All members except 3 members (Se-

Myun Oh from SHI, Seok-Ho Son from 

HHI) attended. 

• Fifth meeting, 4, November, 2022, On-

line. All members except 6 members 

(Se-Myun Oh from SHI, Gongzheng Xin 

from CSSRC, Giuliano Vernengo from 

Genova University, Stephen Minnich 

from NSWCCD, Seok-Ho Son from 

HHI) attended. 

• Sixth meeting, 8, February, 2023, On-

line. All members except 3 members 

(Giuliano Vernengo from Genova Uni-

versity, Stephen Minnich from 

NSWCCD) attended. 

• Seventh meeting, 28, April, 2023, On-

line. All members except 3 members 

(Se-Myun Oh from SHI, Giuliano 

Vernengo from Genova University, Ste-

phen Minnich from NSWCCD) attended. 

• Eighth meeting, 31 May – 1 July, 2023, 

SVA Wien, Austria. All members at-

tended. 

• Nineth meeting, 13, July, 2023, On-line. 

All members except 3 members (Gijs 

Struijk from MARIN, Giuliano 

Vernengo from Genova University, Ste-

phen Minnich from NSWCCD) attended. 

• Tenth meeting, 20, October, 2023, On-

line. All members except 5 members 

(Se-Myun Oh from SHI, Gijs Struijk 

from MARIN, Giuliano Vernengo from 

Genova University, Stephen Minnich 

from NSWCCD, Min-Woo Kim from 

HHI) attended. 

• Eleventh meeting, 12, December, On-

line. All members except 2 members 

(Giuliano Vernengo from Genova Uni-

versity, Gongzheng Xin from CSSRC) 

attended. 

• Twelfth meeting, 15-17, January, 2024, 

JMUC Yokohama, Japan. All members 

except 1 member (Giuliano Vernengo 

from Genova University) attended. 

• Thirteenth meeting, 30, April, On-line. 

All members except 2 members (Giuli-

ano Vernengo from Genova Uni-versity, 

Gongzheng Xin from CSSRC) attended. 

 

Figure 1: Full Scale Ship Performance committee photo 

with Prof. Strasser  (8th meeting) 

The AC representative to IMO Prof. Ger-

hard Strasser attended all the meetings in order 

to keep close eye on the progress of the proce-

dures and guidelines and provide feedback from 

IMO/MEPC meetings. 

 

1.2  Contact with ITTC committees 

The 30th Full Scale Ship performance com-

mittee has coordinated and exchanged infor-

mation with the CFD/EFD, Seakeeping, and SC 

on Wind Powered and Wind Assisted Ships on 

relevant issues. 

1.2.1 Contact Seakeeping committee 

The committee has contacted Seakeeping 

committee on the following aspects: Wind loads 

on ships which include revision or development 

of new procedure for wind loads based on 

Speed/Power trial procedure (R.P. 7.5-04-01-
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01.1). Acquisition and analysis of onboard mon-

itoring data. 

On the issue of wind loads on ships, this 

committee agreed to conduct this work in col-

laboration with Seakeeping committee at the 

end of February 2023. This committee discussed 

this issue seriously in the eighth meeting held 

31th May to 1st June 2023 and agreed that this 

committee should prepare the draft of a new 

stand-alone procedure developed based on Ap-

pendix F in 7.5-04-01-01.1 during the present 

term. On 5th June, AC Chair informed that SC 

on Wind Powered/Assisted Ships have already 

prepared a draft of a new stand-alone procedure 

developed based on Appendix F in 7.5-04-01-

01.1. It is also suggested that all Chairs of tech-

nical committees concerned should contact the 

Chair of SC on Wind Powered/Assisted Ships in 

order to match possible different approaches. In 

their procedures they then should refer to that 

ITTC procedures. Responsible member of this 

committee to this task (S. Bielicki from CTO)  

contacted the Chair of SC on Wind Powered/As-

sisted Ships on this issue. 

On the issue of acquisition and analysis of 

onboard monitoring data, This issue was seri-

ously discussed this committee’s Ninth meeting 

in July 2023. It is decided that Chair of this com-

mittee will take care of this task since he has 

wealth of technical experience concerning this 

issue. On-line meeting on this issue was held on 

Nov. 2nd, 2023. 3 SKC members (Antonio 

Souto-Iglesias, Munehiko Minoura and Yulin 

Pan) and FSSPC Chair attended. Chair of this 

committee introduced FSSPC’s activity on the 

onboard monitoring issue using the TC’s pro-

gress report of present term. 

1.2.2 Contact SC on Wind Powered/Assisted 

Ships 

The committee has contacted SC on Wind 

Powered/Assisted Ships on the following as-

pects: the review of new R.P. 7.5-04-01-02 for 

conduct and analysis of Speed/Power trials for 

wind assisted ships powered/assisted ships. 

This committee reviewed the new R.P. and 

the comments was sent to the SC on 12 Septem-

ber 2023. The SC sent the response to this com-

mittee’s comment on 27 November 2023. In the 

twelfth (physical) meeting, these responses were 

discussed, and additional comments were pre-

pared and sent to the Chair of the SC on 13 Feb-

ruary 2024. 

1.2.3 Contact other committees 

The committee has contacted Manoeuvring 

committee about: Investigate the manoeuvring 

aspect of design for Smart Ships and Unmanned 

Surface Vehicles. Identify the need for new or 

modified procedures of experiments and simu-

lations to evaluate manoeuvring performance.  

Concerning the wave correction in 

Speed/Power trial analysis, at the request of AC 

Chair, a Windows-Excel format spread sheet for 

SPAWAVE method with short-term estimation 

capability has distributed to the FSSPC mem-

bers for the review of this method. 

• AC WG3 Chair (Prof. Y.-H. Kim) have 

asked this committee to conduct the evaluation 

of his newly developed combined SNNM-SNU 

formula for wave correction in Speed/Power tri-

als in the framework of this committee’s TOR 

task 5 B). This formula combines both SNNM 

for longer wave range and SNU formula for 

shorter wave range. This evaluation task was 

conducted using a simplified Windows Excel-

format file with GUI provided by Prof. Y.-H. 

Kim. 4 members of this committee participated. 

The outcome of this evaluation is described in 

this final report.  

1.3  Contact with AC chairman about 

IMO and ISO issues 

(1) The AC representative to IMO Prof. Ger-

hard Strasser, attended IMO MEPC 76 - 80 

and reported on it during this term. Major 

outcome/comments related to fluid dy-

namic issues are as follows: 
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(2) Major outcome/comments from IMO 

MEPC 76 meeting: 

• 2021 Guidelines on the method of cal-

culation of the attained energy effi-

ciency existing ship index (EEXI) 

adopted.  Amendment to unified inter-

pretation on the dates related to EEDI 

Phase 2 and 3 for new ships, as pro-

vided in Table 1 of MARPOL Annex 

VI, Chapter 4, Regulation 24.  

 

(3) Major outcome/comments from IMO 

MEPC 77 meeting:    

• Mainly discussion of level of ambition 

and revision of IMO GHG emission 

strategy.   

(4) Major outcome/comments from IMO 

MEPC 78 meeting: 

• New Guideline for exhaust gas clean-

ing systems. 2021 Guidance on treat-

ment of innovative energy efficiency 

technologies for calculation and verifi-

cation of the attended EEDI and EEXI. 

•  IMO has received informative sub-

mission from ITTC with overview on 

all procedures that have changed after 

the 29th ITTC:  

o 7.5-02-02-01 Resistance Tests 

o 7.5-02-02-04 Wave Profile Measure-

ment and Wave Pattern Resistance 

Analysis 

o 7.5-02-03-01.1 Propulsion/ Bollard 

Pull Test 

o 7.5-02-03-01.4 1978 ITTC Perfor-

mance Prediction Method 

o 7.5-02-03-01.7 Performance Predic-

tion Method for Unequally Loaded, 

Multiple Propeller Vessels 

o 7.5-02-03-02.1 Open Water Test  

o 7.5-04-01-01.1 Preparation and Con-

duct and Analysis of Speed/Power Tri-

als 

o 7.5-02-07-02.8 Calculation of the 

Weather Factor fw for Decrease of 

Ship Speed in Waves 

(5) Major outcome/comments from IMO 

MEPC 79 meeting: 

• Amendments to the 2014 Guidelines 

on survey and certification of the en-

ergy efficiency design index (EEDI) 

(resolution MEPC.254(67) in Para-

graphs 4.3.5, 4.3.6, and 4.3.8 as fol-

lows: 

Ship speed should be measured in ac-

cordance with ITTC Recommended Pro-

cedure 7.5-04-01-01.1 Speed Analysis of 

Speed/Power Trials (2017, 2021 or 2022 

version, as may be applicable at the time 

of sea trials) or ISO 15016:2015….. 

•  Discussion on biofuels. 

(6) Major outcome/comments from IMO 

MEPC 80 meeting: 

• Interim guidance on the use of biofu-

els. 

• Amendment to the 2021 guidelines on 

the shaft/engine power limitation sys-

tem to comply with the EEXI require-

ments and use of a power reserve (Res-

olution MEPC.335(76) 

(7) Cooperation with ISO. 

• The ITTC representative to ISO Prof. 

Gerhard Strasser attended all 17 vir-

tual meetings and contributed the 

ITTC achievements for the update of 

ISO 15016.  

• Major outcomes are: 

o STAWAVE 2 was replaced by SNNM 

method. 

o Raven’s method for correction of shal-

low water replaced Lackenby’s 

method. Higher requirements on in-

strumentation for environment meas-

urements. 
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1.4  Tasks 

The recommendations for the work of the 

Full-Scale Ship Performance Committee as 

given by the 29th ITTC were as follows: 

1. Update the state-of-the-art for investiga-

tion of full-scale ship performance, emphasizing 

developments since the 2021 ITTC Conference. 

The committee report should include sections on: 

A) the potential impact of new technological 

developments on the ITTC 

B) new measuring techniques 

C) new benchmark data 

D) the practical applications of numerical 

simulation to full-scale ship perfor-

mance 

E) the need for R&D for improving methods 

of full-scale measurements and numerical 

modelling. 

2. Review ITTC Recommended Procedures 

relevant to full-scale performance, and 

A) identify any requirements for changes in  

the light of current practice, and, if ap-

proved by the Advisory Council, update 

them, 

B) identify the need for new procedures and 

outline the purpose and contents of these. 

3. Address issues related to hull and propel-

ler surface roughness such as: 

A) Definition of roughness properties  

B) Components of roughness 

C) Measurement of roughness  

D) Effects of roughness on in-service perfor-

mance including filtering and analysis 

methods for evaluating hull and propel-

ler performance separately 

E) Roughness usage in performance predic-

tion and cross effects with correlation 

4. Provide technical support to ISO and IMO 

in further development of approaches to in-

service performance monitoring (e.g. 

ISO19030.) 

5. Address the following aspects of the anal-

ysis of speed/power sea trial results: 

A) Initiate and conduct speed trials on com-

mercial ships on deep and shallow water 

to further validate Raven method. 

B) More validation of wave-added re-

sistance method, in particular SNNM, 

covering all wave encounter angles 

based on a set of significant ship param-

eters including the short-term estimation 

of wave-added resistance in irregular 

waves. 

C) Investigate the influence of drift, rudder 

action, short wave and wave height on 

wave added resistance. 

D) Investigate the influence of water depth 

on the hull-propeller interaction (thrust 

deduction, relative rotative efficiency) 

E) Explore and monitor new developments 

in instrumentation and measurement 

equipment relevant for sea trials and in 

service performance assessment (e.g. 

wind, waves, thrust, speed through wa-

ter). 

6. Develop and keep updated an inventory of 

the data bases as well as the companies, organi-

sations or any other bodies collecting and pro-

cessing data on the ship in-service performance 

of interest to ITTC. 

7. Study accuracy of CFD for shallow water 

applications – cooperate with CFD/EFD Com-

mittee. 
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8. Update the speed/power sea trial proce-

dures 7.5-04-01-01.1 where appropriate, in par-

ticular: 

A) complement it by a procedure for the cor-

rection of yawing (caused by wind) and 

rudder angle 

B) wind averaging method to correctly re-

flect the wind effect in double run (true 

wind vector in each run). 

9. Support ISO in updating ISO15016 in 

compliance with 7.5-04-01-01.1 

10. Update guideline for determination of 

model-ship correlation factors, including shal-

low water and draft dependency (in cooperation 

with AC Working Group) 

11. Update guideline on CFD-based wind 

coefficient; in particular, re-assess database of 

wind resistance coefficients and update it ac-

cording to the new procedure for non dimen-

sionalising. 

12. Continue to monitor the development of 

relevant techniques for ship energy saving and 

identify the needs to complement the present 

EEDI framework in response to the adoption of 

alternative fuels and the receptivity of innova-

tive technologies. Consider, if necessary, a com-

plementary metric to EEDI to represent power 

savings. 

 

13. Collect full scale data obtained through 

relevant benchmark tests on the effect of energy 

saving methods (ESM). Use the full scale data 

for validating the effect of ESM. Develop a 

guideline to conduct in-service performance 

evaluation for ESM. Full-scale data showing the 

benefits of ALDR (Air Layer Drag Reduction) 

would be of particular interest. 

14. As smart ship technology for cargo and 

passenger transportation is one of the emerging 

technologies in maritime industry: 

A) Investigate the hydrodynamic aspect of 

design for Smart Ship and Unmanned 

Surface Vehicles 

B) Explore the suitability of the traditional 

design spiral for the smart ship and 

USVs.  

C) Identify the need for new or modified 

procedures of experiments and simula-

tions to evaluate performance in this par-

ticular field 

2. STATE OF THE ART 

 

2.1 Potential impacts of new technological 

developments on the ITTC 

With the rapid development of artificial in-

telligence (AI) technologies, the machine learn-

ing and big data analysis techniques are getting 

increasing attentions and have been proven ef-

fective for many applications. These techniques 

are also relevant and useful for the prediction, 

evaluation and optimization of full-scale ship 

performance. The most straight-forward and 

useful application of AI is probably to handle the 

huge volume of ship’s operational data for per-

formance evaluation. Rapidly advancing sensor 

and telemetry technology onboard ships has pro-

vided operators with an extensive database that 

can be used to improve the assessment of actual 

ship performance. 

Gupta et al. (2022) used machine-learning 

(ML) methods to estimate the hydrodynamic 

performance of a ship using the onboard rec-

orded in-service data. Three ML methods, NL-

PCR, NL-PLSR and probabilistic ANN, are cal-

ibrated using the data from two sister ships. The 

calibrated models are used to extract the varying 

trend of the ship’s hydrodynamic performance 

over time and predict the change in performance 

through several propeller and hull cleaning 

events. The probabilistic ANN model performs 

the best, but the results from NL-PCR and NL-

PLSR are not far behind, indicating that it may 
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be possible to use simple methods to solve such 

problems with the help of domain knowledge. 

Gupta et al. (2023) also proposed a stream-

lined semi-automatic approach to processing the 

data, which can be used to prepare a dataset for 

ship performance analysis. Typical data pro-

cessing steps like interpolating metocean data, 

deriving additional features, estimating re-

sistance components, data cleaning, and outlier 

detection are arranged in the best possible man-

ner not only to streamline the data processing 

but also to obtain reliable results. A semi-auto-

matic implementation of the data processing 

framework, with limited user intervention, is 

used to process the datasets and present the ex-

ample plots for various data processing steps. 

Jabary et al. (2023) presented the develop-

ment of selected data science and ML ap-

proaches based on synchronized and integrated 

operational data available from a Ship Operation 

Information Model (SOIM). The SOIM is con-

figured in a database management system 

(DBMS) and considers comprehensive opera-

tional data at low/high-frequency of noon re-

ports, AIS, weather, loading conditions and nu-

merous onboard sensors measuring operating 

and motion parameters. The pre-processed oper-

ational data are subjected to correlation analyses 

in order to identify the main interdependencies 

between the different operational parameters 

and thus evaluate the most important factors af-

fecting an operational condition. On the other 

hand, they are used together with the corre-

sponding design data to implement assessments 

of ship operational indicators under specific op-

erational conditions. 

In recent years, the importance of evaluation 

of the ship added resistance in waves has in-

creased, both from an economic and environ-

mental protection point of view. A trend can be 

noted that more and more studies have focused 

on the modelling and evaluation of wave added 

resistance using machine learning techniques or 

based on the big data analysis of actual ship op-

erational data. 

Martić et al. (2021) applied an Artificial 

Neural Network to evaluate the added resistance 

in different sea states that the ship will encounter 

during navigation, the model can estimate the 

added resistance of container ships with suffi-

cient accuracy, based on the ship characteristics, 

sailing speed, and the sea state. 

Taskar and Andersen (2021) used the full-

scale data of two ships to compare five different 

added resistance prediction methods. The effect 

of using separate wave spectra for wind waves 

and swell on performance prediction has also 

been explored. Ships have been simulated in the 

same weather conditions and propeller speed as 

in the case of full-scale ships using different 

methods for added resistance. The performance 

of these methods has been quantified by com-

paring speed and power predictions with the 

full-scale data. It was observed that three out of 

five methods were able to predict added re-

sistance even in high waves. Even though these 

methods showed significantly different re-

sponses in the frequency domain, its effect on 

speed and power prediction was minor. Moreo-

ver, there was minor improvement in results by 

using separate wave spectra for wind waves and 

swell instead of single wave spectrum for com-

bined wind waves and swell. 

Mittendorf et al. (2022) implements machine 

learning methods for the prediction of the 

added-wave resistance of ships in head to beam 

wave conditions. The study is focused on non-

linear regression algorithms including Random 

Forests, Extreme Gradient Boosting Machines 

and Multilayer Perceptron. The employed da-

taset is derived from results of three different po-

tential flow methods covering a wide range of 

operational conditions and 18 hull forms in total. 

A hyperparameter study based on Bayesian op-

timization is conducted, and the validation of the 

final models for three case studies against nu-

merical and experimental data shows satisfac-

tory generalization in case of the neural network. 

The tree-based ensemble methods, on the other 

hand, are not able to generalize sufficiently from 

the given parameter discretization of the under-

lying dataset. 
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Kim et al. (2022) proposed a so-called meta 

model for predicting added resistance in waves 

by combining two existing methods. The results 

from the two methods are combined smoothly 

using a tangent hyperbolic function according to 

wavelengths and wave headings. The coeffi-

cients constituting the function are tuned to min-

imize mean squared error between predictions 

and model experiments. Finally, the meta model 

is verified by full-scale measurements of a gen-

eral cargo ship and a container ship, and it seems 

to give good agreement with measurements in 

all analysis areas, compared to existing semi-

empirical methods. Especially, it showed better 

performance in estimating added wave re-

sistance at high waves, resonance frequencies, 

arbitrary waves, and low speeds. 

Mittendorf et al. (2023) merges telemetry 

data of more than 200 in-service container ves-

sels with ocean re-analysis data from ERA5. 

Theoretical estimates relying on spectral calcu-

lations of added resistance are made for both 

long- and short-crested waves and are based on 

a combination of a parametric expression for the 

wave spectrum and a semi-empirical formula for 

the added resistance transfer function. The theo-

retical estimates are compared to predictions 

from an indirect calculation of added resistance 

relying on shaft power measurements and em-

pirical estimates of the remaining resistance 

components. Overall, the comparison reveals a 

bias in bow oblique waves and higher sea states 

of the spectral estimates as well as the large var-

iance of the empirically derived predictions — 

particularly in beam-to-following waves. One of 

the study’s main findings is that added re-

sistance assessment based on in-service data is 

complex due to significant associated uncertain-

ties. 

Moving on to another machine learning ap-

plication, short-term temporal predictions of 

ship responses given the current wave environ-

ment and ship state would enable enhanced de-

cision-making onboard and reduce the overall 

risk during operations for both manned and un-

manned vessels. However, the current state-of-

the-art in numerical hydrodynamic simulation 

tools are too computationally expensive to be 

employed for real-time ship motion forecasting 

and the computationally efficient tools are too 

low fidelity to provide accurate responses. In 

this regard, machine learning techniques have 

the potential to provide fast and efficient predic-

tions with levels of accuracy closer to the 

higher-fidelity tools. 

Guo et al. (2022) extended a deep learning 

(DL) model to predict the heave and surge mo-

tions of a floating semi-submersible 20 to 50 

seconds ahead with good accuracy with the help 

of the dropout technique. 

D’Agostino et al. (2022) investigated the 

prediction capability of recurrent-type neural 

networks for real-time short-term prediction 

(nowcasting) of ship motions in high sea state. 

The performance of recurrent neural networks, 

long short-term memory, and gated recurrent 

units models are assessed and compared. All 

three methods provide promising and compara-

ble results. 

Silva and Maki (2022) developed a method-

ology with long short-term memory (LSTM) 

neural networks to represent the motions of a 

free running David Taylor Model Basin (DTMB) 

5415 destroyer operating at 20 knots in Sea State 

7 stern-quartering irregular seas. Case studies 

are performed for both course-keeping and turn-

ing circle scenarios. The neural network is able 

to predict the temporal response of the ship due 

to unseen waves accurately, which makes this 

methodology suitable for system identification 

and real-time ship motion forecasting. 

Schirmann et al. (2022) applied ridge regres-

sion and neural network models for heave, pitch, 

and roll prediction using time-and-place specific, 

multidirectional wave model parameters as in-

put. The performance benefits of providing 

these predictive models with computationally 

efficient, physics-based model predictions 

(PBMPs) of heave, pitch, and roll as additional 

inputs were examined. Data measured aboard an 

operational research vessel were used to train 

and test the data-driven models. The results of 
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this study showed effective reduction of motion 

amplitude mean-squared error (MSE) values on 

multiple test datasets relative to the PBMPs 

alone. The results also showed that inclusion of 

PBMPs as input to the data-driven models was 

typically beneficial in terms of MSE reduction, 

stressing the importance of retaining physics-

based information in data-driven models. 

Zhang et al. (2023) presents a novel data-

driven methodology to provide multi-step pre-

diction of the ship’s roll motion in high sea 

states. A hybrid neural network is proposed that 

combines long short-term memory (LSTM) and 

convolutional neural network (CNN) in parallel. 

The motivation is to extract the nonlinear dy-

namics characteristics and the hydrodynamic 

memory information through the advantage of 

CNN and LSTM, respectively. Taken a scaled 

KCS as the study object, the ship motions in sea 

state 7 irregular long crested waves are simu-

lated and used for the validation. The results 

show that at least one period of roll motion can 

be accurately predicted by using the proposed 

method. 

Gao et al. (2023) developed a reliable and ef-

ficient tool for real-time and accurate prediction 

of ship motion. A ship motion attitude predic-

tion model based on the Adaptive Discrete 

Wavelet Transform Algorithm (ADWT) and the 

spacetime Residual Recurrent Neural Network 

(RRNN) with a time-varying structure is pro-

posed. The model performance tests are con-

ducted based on the simulation data of the ship 

motion of DTMB5415. Compared with other 

prediction models, the prediction accuracy of 

the ADWT-RRNN is the highest under all work-

ing conditions, its prediction accuracy and sta-

bility of it do not fluctuate significantly over a 

long prediction period. Hence, the more severe 

the sea states, the more pronounced the perfor-

mance advantage is over other models. 

2.2 New measuring techniques 

Full scale ship performance analysis requires 

a large amount of reliable sea trail data as sup-

port. The data of full scale ship sea trail contains 

not only environmental parameters such as wind, 

wave and current, but also real ship performance 

parameters such as speed, main engine power, 

torque and so on. The methods and ways to ob-

tain these real ship data have been introduced in 

the past ITTC regulations. With the develop-

ment of test instruments, sensor technology, 

data processing and analysing technology, some 

new technologies for real ship sea trail have 

been developed and applied continuously. 

• Wave 

Hyeok-Geun Ki (2015) carried out full scale 

measurement of 14k TEU containership with the 

Wave Finder. That is automatic wave data meas-

urement system which records encountered 

wave data, i.e., wind wave, swell and total wave 

data including wind data. As described in Fig1, 

a wave finder antenna and system were installed. 

 

Figure 2 Wave Finder system and antenna 

CSSRC developed binocular stereo vision 

measurement method for the measurement of 

encounter waves has been reviewed. This 

method is a type of direct wave measuring meth-

ods which is expected to be of higher accuracy 

compared to indirect wave measuring methods 

(e.g. wave radar, ship-motion based methods). 

Accuracy of the method has examined on a sta-

tionary offshore structure in China. Onboard 

tests in ship trials has been considered in China. 
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Figure 3 Wave observation technology based on binocu-

lar stereo vision. 

• Flow field 

A scale effect on flow field from model to 

ship scale has been a big concern for researchers 

in a ship industry for a long time. Yasuhiko 

Inukai (2019) presented a new measurement 

system, Multi-Layered Doppler Sonar (MLDS) 

was applied in full scale measurement of the 

flow. MLDS is a Doppler sonar capable of 

measuring relative water velocity at multiple ar-

bitrary points along ultra-sonic beams. MLDS 

was installed on a 14,000 TEU container ship 

and full scale measurement was carried out. 

 

Figure 4 Measuring area by MLDS 

Lina Nikolaidou (2021) measured on the 

characteristics of air lay regimes for a flat plat. 

Planar PIV was used upstream of the injector in 

a side-view configuration to characterize the in-

coming boundary layer. Images of the air layer 

regimes were acquired with a bottom up view 

with LaVisions Imager sCMOS CLHS camera. 

CSSRC (2024) used camara system that 

mounted on the bottom of ship to observe the 

shape and distribution of air layer generated by 

ALS for a “mid-scale” model ship. 

• ESD 

Pre-swirl ducts (PSDs) have been developed 

primarily from the viewpoint of improving pro-

pulsion efficiency. But little is known on how 

this affects a vessel’s overall manoeuvring qual-

ities. To study the interaction of the different 

components of the propulsion system with the 

PSD, and to assess the maximum loads on the 

PSD models during manoeuvring. Steven Leon-

ard（2024）carried out manoeuvring tests with 

a free-running model on a lake. The duct forces 

were measured throughout. The sensor was in-

tegrated into the hull, positioned below the shaft 

axis. The duct, fins and brackets were manufac-

tured from a single piece and mounted directly 

on the sensor, having a cylindrical opening for 

the propeller shaft. The external fairing, in form 

of the ship contour, covers the sensor and the 

fins without contact. 

 

 

Figure 5 Sensor for measurement of duct forces 

• Resistance and propulsion 

Youngjun You (2018) propose a new ap-

proach to predict and verify the actual RPM and 

engine power of an LNGC from full-scale meas-

urement data. The sea route, speed over ground 
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and environmental conditions obtained from the 

measured data. The results of the simulation are 

qualitatively reviewed by comparing the calcu-

lated time histories of the RPM and the power 

with the measured RPM and power. Finally, the 

power increment due to the environmental load 

is estimated by comparing the predicted power 

considering the environmental load with the pre-

dicted power, not considering the environmental 

load. 

Ulrik D. Nielsen (2019) investigated a semi-

empirical model used to estimate added-wave 

resistance on a ship sailing in waves. The model 

relies on measurements from a continuous mon-

itoring system, and produces an estimate- the in-

direct measurement- of added-wave resistance, 

based on the difference between, on the one side, 

the measured power and, on the other side, a 

summation of theoretically calculated resistance 

contributions but neglecting the component be-

cause of seaway. The model has been applied to 

more than three months of full-scale data rec-

orded on an in-service operating container ship. 

Roughness of marine propellers can pro-

foundly affect the efficiency of maritime trans-

portation. Mohamed A. Mosaad（2024）aims 

to develop a graphical user interface (GUI) pro-

gram using volumetric image processing (VIP) 

techniques to predict marine propeller rough-

ness values. 

R. Stigter (2024) aimed to investigate the re-

lationship between cavitation inception and mi-

crobubble characteristics at full scale. Measure-

ments were conducted on the research vessel Pe-

lagia, operated by the Netherlands Oceano-

graphic Institute (NIOZ), during a 6-day trial 

from the Bahamas to Curaçao. Cavitation incep-

tion and development were measured acousti-

cally, using pressure sensors, and visually, using 

high and low-speed cameras. The concentration 

of microbubbles in the proximity of the propel-

ler was monitored using Interferometric Particle 

Imaging (IPI). Two windows were manufac-

tured in the hull of the ship. One window at 

portside, just above the propeller, to enable cav-

itation observations with the high and low-speed 

cameras. The other window was located at star-

board, a few meter upstream from the starboard 

window. This window was used for the IPI setup, 

and made it possible to measure the microbubble 

content upstream of the propeller. 

 

Figure 6 The positions of HScamera window and IPI 

camera window on the ship 

Koruri Tamura (2024) carried out pressure 

fluctuations around the stern hull of 22,000 

DWT chemical tanker were measured during the 

sea trial using FBG (Fiber Bragg Grating) pres-

sure sensor that can be simply attached to the 

hull surface without extensive construction 

work. FBG pressure sensor with a total length of 

15 mm, a width of 9 mm and a thickness of 0.7 

mm was selected for the purpose of establishing 

a new method for performing the preparation 

and measurement efficiently in a short time. 

This sensor can be directly attached to the hull 

surface and has the advantage of eliminating the 

conventional drilling and complicated installa-

tion work. 

 

Figure 7 FBG pressure sensor and installed on the stern 

hull 

• Ice environment 

Ship operation and ice loading in floe ice 

fields have received considerable interest during 

recent years. For the prediction of ship re-
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sistance and transit speed in various ice condi-

tions, ship performance in level ice, ridged ice 

and channel ice are evaluated based on full-scale 

measurement data of two ships by Fang Li 

(2018). In their works, Ice thickness in full-scale 

data was measured using multiple methods to 

minimize the uncertainty. The thickness of level 

ice was measured by a stereo camera system. 

The ridge profile was identified through meas-

urement with an electromagnetic device. Visual 

observation was conducted for the description of 

encountered ice conditions. For a better estima-

tion of ship net thrust through propulsive data, 

the net thrust model is revised in their method to 

take the effect of power and propeller pitch into 

consideration. Data acquisition is the most prob-

lematic for the investigation of channel ice. 

Public data obtained from full-scale meas-

urement covering comprehensively ship perfor-

mance and ice loads under various ice thick-

nesses, concentrations and floe sizes are rare. 

The 2018/19 Antarctic voyage of the Polar Sup-

ply and Research Vessel (PSRV) S.A. Agulhas 

II gathered considerable data of the ship in floe 

ice fields under various thicknesses, concentra-

tions, and floe sizes. Fang Li (2021) carried out 

statistical analysis to seek suitable probability 

distributions which adequately fit the measured 

ice load and therefore suitable to be used as par-

ent distributions for long-term estimation. The 

ship is instrumented with shear strain gauges at 

the starboard side on a total of nine frames, in-

cluding two at the bow, three at the bow shoul-

der and four at the stern shoulder. The ice con-

ditions during the voyage are monitored via two 

sources. The first is visual observation, which 

are conducted by dedicated ice observers on the 

bridge, estimating ice concentration, floe size 

and thickness approximately every minute and 

summarizing the results in 10-min interval. In 

addition to that, an ice condition camera is in-

stalled on the ship to take photos of the ice con-

dition constantly during the voyage. Hanyang 

Gong (2022) provides an approach to digitally 

measuring channel widths from drone videos. 

Full-scale tests of the Icebreaker (IB) Polaris in 

the Bay of Bothnia during 2021 were analysed 

the relation between measured channel widths 

and icebreaker’s operations. 

 

Figure 8 Instrumentation of S.A. Agulhas II. 

 

Figure 9 A scheme of the digital channel width measure-

ment approach 

2.3 New benchmark data 

It is considered that MARIN’s JoRes ship-

scale test cases data to be published in Decem-

ber 2024 (Ponkratov 2023) are most relevant to 

meet this TOR task, in particular, due to its cov-

erage of ship types, 3D configurations, ESDs, 

roughness measurements. 

Therefore, it seems to be appropriate for us 

to recommend ITTC full conference to employ 

JoRes test cases as benchmark data for full-scale 

issues in ITTC activity. While the JoRes test 
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cases will not available to the public by Decem-

ber 2024, it will not cause any trouble since next 

term activity will starts October 2024. 

Survey to ITTC member organizations re-

garding the provision of their full-scale data to 

this TOR task was conducted. 1 organization 

(SVA Potsdam) has contributed full-scale 

speed/power trails results for 7 ships. 

2.4 Practical application of numerical sim-

ulation to full-scale ship performance 

Possibility of the use of full-scale CFD sim-

ulations in ship performance prediction has ex-

amined. It is found that the reliability of full-

scale CFD simulation results have remined quite 

low compared to that of model-scale results 

mainly due to the lack of sufficient full-scale 

validation data, and that performance prediction 

based on full-scale CFD simulation results is not 

practically feasible at present. 

3. REVIEW ITTC PROCEDURES 

3.1 Requirements for Changes 

3.1.1 Overview 

The ITTC Recommended Procedure for the 

Preparation, Conduct and Analysis of 

Speed/Power Trials (7.5-04-01-01.1) was last 

updated to Revision 07 in 2022.  This version 

was reviewed to determine whether any updates 

are required to reflect current practice.  An edi-

torial review was conducted first to address var-

ious grammatical and formatting issues and to 

identify any logical gaps in the procedures.  The 

initial result of this effort is a proposed revision 

to RP 7.5-04-01-01.1.  Additionally, a survey 

was conducted to evaluate the utilization of ex-

isting testing and analysis procedures and deter-

mine whether there are additional procedures 

that should be considered for adoption given 

current practice. 

3.1.2 Editorial Review 

In addition to basic grammatical and format-

ting updates, the editorial review identified is-

sues with the 2022 version of RP 7.5-04-01-01.1 

regarding missing definitions.  These issues are 

identified here, but potential revisions to address 

them are recommended as future work of the 

Full-Scale Ship Performance Committee 

(FSSPC). 

RP 7.5-04-01-01.1 does not provide defini-

tive guidance as to when to transition from the 

approach phase into the trial run.  The procedure 

recommends monitoring propulsion parameters 

to determine they have achieved steady state but 

it does not provide a concise definition of what 

that condition is.  While this ambiguity in the 

procedure provides the performer flexibility, it 

also precludes any standardization in this regard 

and may introduce undesirable error.  It is rec-

ommended, therefore, that a concise, numeric 

definition of “steady” be developed and imple-

mented into a future revision of RP 7.5-04-01-

01.1.   

Next, the concept of the “speed component 

in the heading direction” is utilized in the pro-

cess for analysing speed/power (S/P) trial data 

without a corresponding definition.   This termi-

nology implies the scalar projection of the ve-

locity over ground, 𝑉𝐺,  in the direction of the 

ship’s heading, 𝜓 .  A mathematical definition 

of this term should be provided in a future revi-

sion of RP 7.5-04-01-01.1. 

Finally, it is noted that RP 7.5-04-01-01.1 

does not provide any treatment as to the estima-

tion of uncertainty from S/P trials data and cor-

responding analyses.  ITTC General Guideline 

for Uncertainty Analysis in Resistance Tests 

(7.5-02-02-02) provides a starting point for 

some of the considerations of S/P trial uncer-

tainty analysis.  The corrections involved in the 

analysis of S/P trial data complicate a full and 

accurate estimation of the uncertainty due to its 

propagation through these various calculations.  

Nonetheless, S/P trial uncertainty estimates 

have been demonstrated with propagation 
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through STAWAVE-2 corrections (Seo & Oh, 

2021). 

3.1.3 Survey 

A questionnaire on the usage and sufficiency 

of RP 7.5-04-01-01.1 with regards to testing and 

analysis procedures was distributed to member 

and non-member organizations.  A total of 18 

responses were received with 11 (61%) indicat-

ing that the organization conducts S/P trials and 

13 (72%) responding that the organization con-

ducts analyses of S/P trials.  The results are dis-

cussed here with regards to these two aspects. 

Nearly all responses indicated that RP 7.5-

04-01-01.1 (or ISO 15016:2015) is currently in 

practice.  Most responses indicated that S/P tri-

als are conducted on displacement monohulls 

and multihulls as well as high-speed monohulls. 

Trials on high-speed multihulls and naval or 

coast guard vessels are less frequent.  Other ves-

sel types that respondents indicated include off-

shore supply vessels, anchor handlers, service 

operation vessels, fishing boats, research vessels, 

icebreakers, and submarines. 

Regarding the conduct of trials, majorities of 

responses indicated practice of ITTC recom-

mended limits regarding wind (82%), signifi-

cant wave height (82%), minimum water depth 

(73%), current speed change (64%), minimum 

run length (64%), and maximum steering angle 

(73%).  Negative responses were limited to trials 

of non-EEDI vessels, use of proprietary limits 

which are more restrictive than those of RP 7.5-

04-01-01.1, or practical limitations of the avail-

able test areas.  Most respondents indicated that 

trials are typically aligned to either the wind or 

waves, whichever has the greater effect (64%).  

Some organizations are limited by the configu-

ration of the available test areas.  The Iterative 

method is most common amongst respondents 

(55%), while 18% indicated use the Mean of 

Means method and a further 18% indicated use 

of either of those methods. 

Only 45% of responses indicated that all rec-

ommended primary parameters are measured 

during trials, with a common exception being 

bow acceleration.  Some respondents indicated 

that additional parameters are measured beyond 

those of RP 7.5-04-01-01.1 with common re-

sponses including rudder or steering angle and 

angular rates and displacements.  It is recom-

mended that these parameters be considered for 

inclusion in Table 1 or 2 of RP 7.5-04-01-01.1.  

Data acquisition capabilities vary widely and are 

often proprietary in nature. A minority of re-

spondents indicated that wave spectra are some-

times or always measured during trials (36%), 

but those organizations which measure waves 

tend to collect the directional spectra instead of 

the point spectra. 

Responses regarding analysis practices indi-

cated more variance relative to recommended 

procedures.  Approximately equal preference 

was ascribed to each wind resistance correction 

technique of RP 7.5-04-01-01.1 (wind resistance 

coefficients derived from model tests, CFD esti-

mates of wind resistance, wind resistance coef-

ficients from standard data sets, and regression 

formulae).  The most common wave resistance 

correction techniques are STAWAVE-2 and 

seakeeping model tests (46% each) while STA-

WAVE-1, SNNM, and the theoretical method 

are less common at 23-31%.  Only 46% of re-

spondents indicated application of shallow wa-

ter corrections but most negative responses were 

due to satisfactory water depth at the available 

test areas.  Corrections for water temperature 

and salinity (58%) and vessel displacement 

(69%) are in common practice.  The analytic 

tools utilized by respondents were equally di-

vided amongst STAIMO, Class NK PrimeShip-

Green/ProSTA, and proprietary tools. 

3.1.4 Conclusions 

In summary, the survey results indicated that 

RP 7.5-04-01-01.1 is broadly in practice to 

guide the conduct of S/P trials amongst respond-

ents.  Considering current practice, it is recom-
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mended that rudder or steering angle and angu-

lar rates and displacements be added to the rec-

ommended parameters for measurement during 

S/P trials.  More variability was found in the data 

analysis techniques and tools employed by re-

spondents. The flexibility afforded by the choice 

of analytic corrections within RP 7.5-04-01-01.1 

is apparently being leveraged.  Finally, it is rec-

ommended that future revisions to RP 7.5-04-

01-01.1 consider the inclusion of definitions of 

steady approach conditions and the concept of 

“speed component in the heading direction,” and 

the potential addition of analysis procedures to 

enable uncertainty estimation for S/P trials. 

3.2 Need for new procedures 

Air Lubrication technology reduces fric-

tional resistance, comprising more than 60% of 

total resistance (ITTC, 2017), by introducing air 

bubbles between the ship's hull and seawater. 

Between 2010 and 2022, 68 papers have been 

published on air lubrication technologies, with 

interest notably increasing after 2018 due to 

stringent regulations targeting enhanced energy 

efficiency (EEDI requirements). Figure 10 

(Tadris et al., 2023) depicts the distribution of 

these publications. Several full-scale air lubrica-

tion systems are now commercially available 

and according to ABS (ABS report, 2019) up to 

2018 there were 23 ships equipped with ALS. 

Recently, the MSC ship owner company in-

quired more than 30 ships equipped in that ship, 

which will be built in 2022-2024. 

 

Figure 10 Distribution of air lubrication technologies pa-

pers over the years. 

Specialist Committee on Energy Saving 

Methods of 29th ITTC recognized the ALS test-

ing techniques and extrapolation issues, and pro-

posed guideline 7.5-02-02-03 concerning this 

topic. However, in light of new 

MEPC.1/Circ.896 guidance, where the reduc-

tion rate of ship propulsion power due to ALS is 

not clearly defined, the update of existing guide-

line should be considered. Especially for the 

EEDI draught, for which the reduction rate has 

status: estimated. 

Regarding that fact, in accordance to terms 

of reference, proposed by FSSP committee the 

update of existing guideline 7.5-02-02-03 con-

cerning determination of air lubrication system 

(ALS) scaling issue was proposed. This topic 

should be considered more precisely due to pre-

dicted by increasing share of the air lubrication 

technology applied in newly designed ships, 

which follow the IMO regulations towards the 

green shipping industry. 

4. HULL AND PROPELLER SUR-

FACE ROUGHNESS 

4.1 General 

Effect of hull and propeller surface rough-

ness on ships performance has been thoroughly 

examined in the previous ITTC activities (e.g. 

ITTC(2011), ITTC(2014), ITTC(2017), ITTC 

(2021a)). As described in ITTC(2021a), it is 

well known that ship’s hull and propeller sur-

face roughness have a significant influence on 

full-scale ship performance. Deterioration in 

performance can result in more than 10% in-

crease in propulsive power after short time du-

ration after delivery of newly built ships. Princi-

pal causes of surface roughness are normally 

surface coatings and biofoulings. Among them, 

effect of roughness due to surface coating have 

examined intensively in recent years compared 

to that of biofouling. Thus, emphasis has placed 

on the effect of roughness due to biofouling in 

the activity of this committee.  
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In the following roughness related aspects 

specified as this committee’s tasks are de-

scribed.  

4.2 Definition of roughness 

Definition of hull and propeller surface 

roughness is normally made using single rough-

ness parameter height. As a roughness height 

parameter, Maximum surface roughness para-

meter Rz is employed which is equivalent to 

BMT roughness parameter in case of 50 mm 

evaluation length. On the other hand, other 

roughness shape parameter, in particular, it is 

well known that roughness wave length has no-

ticeable influence on roughness effect. Accord-

ing to ITTC (2017), roughness effect is reduced 

when the roughness wave-length is sufficiently 

longer than the roughness height on coated sur-

faces. In addition to this, it is also known that the 

non-uniformity of roughness distribution is not 

normally considered in the evaluation of rough-

ness effect while the non-uniformity has signif-

icant influence. For hydrodynamic evaluation of 

roughness effect, roughness function is em-

ployed. Roughness function (ΔU+) is a down-

ward velocity shift in logarithmic overlap region 

of the turbulent boundary layer. Roughness 

function is normally defined as function of 

roughness Reynolds number (𝑘+) evaluated us-

ing roughness height parameter (k). Concerning 

roughness definition, relevant published litera-

tures have investigated in the following.  

Demirel et al (2017) evaluated roughness 

functions for arbitrary barnacle fouling by to-

wing tests of flat plate with artificial roughness 

with varying height and coverage area. Corre-

sponding roughness length scale kG is derived so 

that roughness functions for various roughness 

conditions are converged to the single functions. 

kG is calculated from the polynomial with rough-

ness height (h) and percentage covering area 

(SC). In the towing tests, actual barnacles of dif-

fering sizes were scanned in 3-D in order to gen-

erate a CAD model of typical barnacle geome-

tries. Balanus improvisus, an adult juvenile bar-

nacle species, which can grow up to 10 mm in 

diameter and 5 mm in height (big sized barnacle 

model) was selected. The digital models of the 

barnacles were then printed in3-D using 3-D 

printing technology to generate artificial barna-

cles. From the towing tank test results the above-

mentioned single roughness function of kG for 

arbitrary barnacle type roughness has derived. 

By using this roughness function, hydrodynamic 

evaluation can be conducted by theoretical or 

numerical calculations.  

Song et al (2021a) investigated the effect of 

heterogeneous hull roughness on ship resistance. 

Towing tests were conducted in Kelvin Hydro-

dynamics Lab. at University of Strathclyde with 

a Wigley model of 3m length in both homoge-

neous and heterogeneous (1/4, ½ bow/aft rough) 

conditions. Bow-rough conditions showed 

larger resistance than aft-rough conditions as ex-

pected from the consideration of boundary layer 

thickness. Using roughness functions derived 

from the towing tests, new added resistance pre-

dations method for homogeneous roughness 

based on Granville’s method is proposed.      

Kawashima et al (2019) investigated on the 

effect of roughness shape parameter of painted 

surface on frictional resistance by measuring the 

frictional resistance of flat plates with painted 

rough surface of different wave length to wave 

height ratio in towing tests. Surface roughness 

of painted roughness flat plates are measured 

with a laser displacement meter, then roughness 

shape parameters are obtained. By analysing test 

results and roughness shape parameters, fric-

tional drag coefficient estimation formula for ar-

bitrary wavy rough surface is derived. The esti-

mation formula is derived based on the follow-

ing assumptions:  

• the increase in frictional resistance due 

to roughness is the sum of the local profile drag 

of each roughness. 

• The frictional resistance of the painted 

rough surface is the sum of the frictional re-

sistance of the surface and the profile drag of the 

roughness. 



© ITTC-A 2024 

 

• Resistance increase due to the rough-

ness occurs in the region higher than the thick-

ness of the viscous sublayer, and in the region 

under the viscous sub-layer there is no increase 

in resistance. 

The derived frictional drag coefficient esti-

mation formula for arbitrary wavy rough surface 

is defined as a function of following parameters: 

1) Total effective front projected area of rough-

ness. 2) flow velocity at the roughness height at 

the long. centre of plate., 3) average roughness 

height, 4) average roughness wavelength and 5) 

experimentally derived coefficient and con-

stants. To show the availability of the newly de-

rived formula, resistance increase ratio for the 

cases of ks = 150mm with a variety of ship’s 

speeds and lengths were evaluated. 

Mieno et al. (2021) investigated added re-

sistance due to roughness of coated surface by 

rotating cylinder tests. Friction increase rate 

(FIR) due to roughness is examined by means of 

roughness steepness (Rc/Rsm, Rc: average 

roughness height, Rsm: average roughness wave 

length). By analysing test results and roughness 

parameters, following features of roughness re-

sistance increase are confirmed: 

• Roughness height smaller than a certain 

level (non-effective thickness ds ～k+=2～4) 

do not contribute to resistance increase. 

• Simplified projected area of roughness in 

streamwise direction above ds (CPA) calculated 

with Rc and Rsm correlate strongly with FIR due 

to roughness is influenced by roughness steep-

ness (Rc/Rsm).    

From the above results, simple empirical for-

mula for estimating FIR for arbitrary wavy 

rough surface is derived in which FIR is calcu-

lated with Rc and Rsm. The range of application 

is as: 𝑅𝑐/𝑅𝑠𝑚 <1/12(=0.083), this implies that 

the derived empirical formula is not applicable 

to sand-grain type steeper roughness. 

From the literature survey described above, 

following findings are obtained concerning the 

definition of roughness for use in full-scale per-

formance evaluation: 

• Formulae proposed by Demirel et al. 

(2017) for estimating roughness function with 

corresponding roughness height for arbitrary 

roughness pattern may be useful for application 

in CFD and other theoretical calculation. 

• Formulae proposed by Kawashima et al. 

(2019), Mieno et al. (2021) for estimating added 

resistance due to roughness considering wave-

length effects are quite simple and will be appli-

cable in Seed/Power trial in the future after care-

ful verification/ validation for conditions cover-

ing wide range of ship types. 

• Introduction of the consideration of 

roughness wave length effects into the present 

Speed/Power trial analysis in which only rough-

ness height is considered seems to be inevitable 

since it is shown in the literature that wavelength 

roughness height to wavelength ratio has signif-

icant effects on added resistance due to rough-

ness. 

• However, it should be very careful to im-

plement new method/formulae into the ITTC 

Recommended Procedure (RP) to avoid deterio-

ration of RP’s validity and effectiveness, in par-

ticular intentional underestimation of roughness 

effects. 

4.3 Components of roughness 

As described in 4.1, main components of 

hull and propeller surface roughness are coating 

and biofouling. Concerning the biofouling, hy-

drodynamic drag penalties due to hard macro-

fouling is better understood than losses due to 

soft bio fouling. (e.g. slime, macroalgae, tuni-

cates, hydroids) as mentioned in ITTC (2017). 

Since micro biofouling is most frequently en-

countered roughness in both speed/power trials 

and operations, those rough-ness components 

should be thoroughly addressed in the context of 

full-scale ship performance issue. Based on 

these considerations, relevant published litera-

tures have investigated in the following. 
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Hunsucker et al (2019) studied performance 

of fouling control coatings by means of hydro-

dynamic testing. In this study, replicated sam-

ples of 5 commercially available coatings (3 

fouling release types (FR, silicone based), 2 

anti-fouling types (AF, silicone matrix with a bi-

ocide(AF1), ablative cooper (AF2))) were de-

ployed at 2 sites (east coast of Florida, USA) for 

4 months, then hydrodynamically tested up to a 

speed of 15m/s to determine the frictional drag 

increase. After that tests hard fouling adhesion 

testing was made. Both total coverage of fouling 

organisms and drag forces were compared be-

fore/after hydrodynamic tests. It is found that 

both coverage of fouling and drag vary signifi-

cantly among test sites and coating materials. 

Also noted is that composition of organism’s 

components differs significantly among test 

sites and that lower fouling with hard structure 

had a minimum removal at the top speed in hy-

drodynamic testing.   

Yeginbayeva et al (2020) examined combi-

ned effects of roughness range of foul-release 

coating (FRC) and light biofouling (slime). Nat-

ural and laboratory biofilms are grown on FRC 

panels by exposing them in realistic fouling en-

vironment. Boundary layer velocity measure-

ment and similarity-law scaling is used to pre-

dict the added resistance due to fouling. Follow-

ing 2 dynamic biofilm growth methods simulat-

ing realistic fouling environment are employed: 

1) In-field method: panels were placed on the 

strut arrangement under the moonpool plug of 

Newcastle University research catamaran vessel 

operate around port of Blyth (55oN,1oW). Tests 

were conducted 35% of 6 month period (Mar.-

Sep.), research vessel speed 6-20kt. water tem-

perature was 6oC-14oC. 

2) Laboratory method: panels were placed in 

the closed-loop system. Inoculated with the cul-

ture extracted from the research vessel. flow 

speed 0.5m/s for the duration of 1 month and 2 

weeks, water temperature was 19oC – 21.5oC.  

4 types of coatings were tested in this study.  

Biofilm coverage area and mean peek-to-valley 

height (Rt) were measured after exposing them 

in realistic fouling environment. Then, skin fric-

tion coefficients is evaluated from moment-um 

thickness measured in the boundary layer veloc-

ity measurement conducted in Emerson Cavita-

tion Tunnel of Newcastle University. Resistance 

increases for the tested coating ty-pes were com-

pared for the case of KCS container ship using 

roughness functions evaluated by Granville’s 

similarity-law method. The results showed that 

resistance increase due to biofilms can be 10% 

to 20% relative to clean conditions.  

From the literature survey described above, 

following findings are obtained concerning the 

definition of roughness for use in full-scale per-

formance evaluation: 

• Biofouling on hull surface is significant 

and varied greatly depending on types of coating 

and environmental conditions encountered. 

• Field tests of coating replica will be use-

ful for the examination of anti-fouling perfor-

mance of coating.  

• Light biofouling (slime) has noticeable 

impact on hydrodynamic resistance with the in-

crease in excess of 10% relative to clean surface 

condition. 

• Coating materials and ambient environ-

mental conditions have significant influence on 

increase in hydrodynamic resistance. Examina-

tion of these issues should be continued and con-

ducted on a variety of ship types. 

4.4 Measurement of roughness 

Hull roughness impacts fuel consumption 

significantly. Accurate measurement of this 

roughness is essential for analysing the speed-

power performance of a vessel. Understanding 

and managing surface roughness optimizes fuel 

efficiency and enhances overall performance, 

making it a critical aspect of performance mon-

itoring in operation at sea. 
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Two different measuring systems, contact 

and non-contact type, were implemented to 

compare the results as shown in Figure 1. 

  

- Contact Type - - Non-contract Type – 

Figure 11 Hull roughness measurement system 

As roughness increases, the difference in 

measurement results between the two measuring 

devices increases as shown in Figure 2. Above 

roughness 500 m, the difference and difference 

ratio are more than 100 m, 25%. 

 

 

Figure 12 Comparison of roughness measurements 

To verify the measurement results, the La-

ser-Doppler velocimetry (LDV) measurements 

were performed on a flat plate having roughness 

elements of various heights in Chungnam Na-

tional University-Cavitation Tunnel (CNU-CT). 

Three flat plates with smooth and rough surface 

were used. The roughness of smooth is k = 20 m, 

and attached sandpapers are k = 265 and 1300 m 

from non-contract measurement system as 

shown in Figure 13. 

 

Figure 13 Three flat plates with smooth and rough sur-

face 

As shown in Figure 14, the velocity profile 

based on the roughness from non-contract sys-

tem shows close agreement between the 

Schlichting equation's predictions and the LDV 

measurements. 

 

Figure 14 Calculated skin friction coefficient (Cf) along 

the roughness element, k. 

Conclusions. From the LDV measurements 

of turbulent boundary layer velocity profiles on 

flat plates with different surface roughness, hull 

roughness over 500 m recommends to use non-

contract type measurement system. 

4.5 Effect of roughness on in-service per-

formance 

Effect of hull and propeller surface rough-

ness on in-service performance have studied ex-

tensively using roughness functions derived 

from both CFD simulations and model experi-

ments as reported in ITTC (2021) and IMO 
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(2022). Typical published works are reviewed in 

the following: 

Song et al (2021b) conducted validation of 

similarity law scaling procedure for roughness 

effects by tank tests of a flat plate and a ship 

model in smooth and rough conditions. Rough-

ness functions are derived from the flat plate test 

results. Total resistance of rough ship is pre-

dicted using the similarity-law scaled frictional 

resistance with 2D and 3D extrapolation method 

and compared with rough ship model results. It 

is shown that 3D extrapolation pre-dictions 

agree well with the measured rough model re-

sults. 

Song et al (2020) simulated roughness effect 

of biofouling by URANS calculations for KCS 

and KVLCC2. Experimentally obtained rough-

ness functions of barnacle fouling were em-

ployed in the wall-function of CFD software. 

The fouling effects on the resistance compo-

nents, form factors, wake fractions and the flow 

characteristics were investigated from the simu-

lations. 

Song et al (2019) investigated the effects of 

biofouling on full-scale propeller performance 

using CFD. Simulations for the full-scale perfor-

mance of KP505 propeller in open water, in-

cluding the presence of marine biofouling. Ex-

perimentally obtained roughness functions of 

barnacle fouling (Demirel et al 2017) were em-

ployed in the wall-function of CFD. Rough-ness 

effect of barnacles of varying sizes and cover-

ages on open water performance was predicted 

for advance coefficients ranging from 0.2 to 0.8.  

IMO (2022) compiled and summarized all 

kinds of results relevant to the effect of biofoul-

ing on ship’s performance found in the available 

scientific literature in the form of increase in 

GHG emissions from ships for different catego-

ries of biofouling. It is highlighted in the report 

that the inherent ability of biofilm sand slime to 

induce an effective roughness that is well in ex-

cess of what its physical appearance would tra-

ditionally suggest. For example, a layer of slime 

as thin as 0.5mm covering up to 50% of a hull 

surface could trigger an increase of GHG emis-

sions in the range of 25 to 30%, depending on 

ship characteristics, its speed and other prevail-

ing conditions. For more severe biofouling con-

ditions, such as a light layer of small calcareous 

growth (barnacles or tubeworms), an average-

length container ship could see an in-crease in 

GHG emissions of up to 60%, dependent on ship 

characteristics and speed. For the medium cal-

careous fouling surfaces, the in-crease in GHG 

emissions could be as high as 90%. 

As described above, full-scale performance 

deterioration due to roughened hull and propel-

ler surfaces have studied extensively using 

roughness functions derived from both CFD 

simulations and model experiments. However, 

as mentioned in IMO (2022), How-ever, esti-

mating their impact of biofouling is not straight-

forward from such findings in the literature, as 

quantification is done using different ship per-

formance parameters such as in-creased fric-

tional resistance, effective power or shaft power. 

These parameters are not easy to understand 

from the perspective of non-specialists in ship 

hydrodynamics. In addition, validation of the 

predictions is decisively scare due to the non-

availability of appropriate full-scale data. There-

fore, rigorous validations of the full-scale pre-

dictions are indispensable for the development 

of practically reliable procedure for evaluating 

roughness effects on in-service performance. 

4.6 Roughness usage in full-scale perfor-

mance prediction 

Roughness relates to fouling and aging ef-

fects on the full-scale performance prediction. In 

order to evaluate performance with these effects, 

ship performance throughout lifecycle in opera-

tion should be considered. Then, the evaluation 

of life cycle fuel consumption is considered as 

shown in Figure 15 (Sogihara, 2019). 
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Figure 15 Concept of life cycle fuel consumption. 

According to the concept shown in Figure 15, 

the life cycle fuel consumption is evaluated by 

combining the prediction of ship performance in 

actual seas (speed-power curve), which is esti-

mated by following the flowchart shown in Fig-

ure 16 (Tsujimoto, 2018), and the standard op-

erational model. (Kuroda, 2022)  

 

Figure 16 Flowchart for prediction of ship performance 

in actual seas. 

In standard operational model, deterioration 

due to fouling and aging can be expressed as 

changes in hull resistance, propeller thrust and 

propeller torque as shown in following formulae. 

Here 𝑅𝑡 is the hull resistance, 𝑇𝑝 is the propeller 

thrust, 𝑄𝑝  is the propeller torque, 𝑡  is the 

elapsed time, 𝑅𝑡0, 𝑇𝑝0, 𝑄𝑝0 are values at newly-

built, 𝑝𝑎𝑠 and 𝑝𝑓𝑠 are the deterioration ratios per 

year on hull resistance due to aging and fouling 

respectively, 𝑝𝑓𝑝  is the deterioration ratio per 

year on propeller efficiency, 𝑡𝑐ℎ and 𝑡𝑐𝑝 are tim-

ings of cleaning for hull and propeller respec-

tively. 

𝑅𝑡(𝑡) = 𝑅𝑡0{1 + 𝑝𝑎𝑠𝑡 + 𝑝𝑓𝑠(𝑡 − 𝑡𝑐ℎ)} ( 1) 

𝑇𝑝(𝑡) = (1 − 𝑎)𝑇𝑝0 ( 2) 

𝑄𝑝(𝑡) = (1 + 𝑎)𝑄𝑝0 ( 3) 

𝑎 =
𝑝𝑓𝑝(𝑡 − 𝑡𝑐𝑝)

2 − 𝑝𝑓𝑝(𝑡 − 𝑡𝑐𝑝)
 

( 4) 

Aging deterioration pas and fouling deterio-

ration 𝑝𝑓𝑠 for hull resistance are expressed with 

the roughness parameter as shown in the follow-

ing equation based on the Himeno’s equation for 

the resistance coefficient due to roughness. 

(Himeno, 1983) Here, 𝑅𝑛 is the Reynolds num-

ber, 𝐶𝑇0 is the total hull resistance coeffeient, 𝐿 

is the ship length, and 𝑘𝐴 is the apparent rough-

ness height. 

𝑝𝑎𝑠
𝑝𝑓𝑠
} =

1.8 × 10−5𝑅𝑛
0.55

𝐶𝑇0𝐿

𝑑𝑘𝐴
𝑑𝑡

 
( 5) 

Fouling deterioration pfs was set from the in-

vestigation results by Schultz(2007), and the life 

cycle fuel consumption is evaluated for the 

Cape-size bulker as shown in Figure 17. (Sogi-

hara, 2022) Here 𝑝𝑓𝑠 was set as 2%(high-qual-

ity), 6.5%(middle), 11.0%(low quality) depend-

ing on quality of paint type, and pas was set as 

0.3% based on the survey by Schultz(2007). 

 

(a) Time variation of fuel consumption per 

day 
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(b) Total fuel consumption in life cycle (15 

years) 

Figure 17 Results of fuel consumption 

Performance prediction with roughness can 

be carried out with the relation between Rough-

ness parameter and hull resistance. The aging ef-

fects can be considered with the change in re-

sistance due to hull surface condition. Using the 

presented calculation model, aging effects on 

hull and propeller as well as fouling effect on 

hull can also be reflected in the performance pre-

diction. 

If analysed results for fouling and aging ef-

fects by onboard monitoring data for full-scale 

ships is obtained, a more realistic evaluation can 

be conducted. 

5. SHALLOW WATER CORREC-

TION 

5.1 General 

The results of speed power trials are aimed 

to represent ideal conditions, including unre-

stricted deep water. In reality, the choice for 

practical trial locations may result in depths at 

which the ship’s propulsion is influenced. In 

such case, a shallow water correction method is 

warranted to correct for these effects. Last term, 

a new shallow water correction method was in-

troduced: the “Raven method”. From that term, 

the need for further validation work was indi-

cated. Within the current term, Raven’s full re-

port  on the correction method was published 

and shared to the public. The committee re-

viewed the full report.  

The 30th ITTC assigned the FSSPC with the 

following tasks: 

Initiate and conduct speed trials on commer-

cial ships on deep and shallow water to further 

validate Raven method) 

Investigate the influence of water depth on 

the hull-propeller interaction (thrust deduction, 

relative rotative efficiency) 

5.2 Validation 

The committee members were invited to 

contribute to the validation of the method by 

conducting full-scale trials in shallow (and deep) 

waters. An emphasis was put on other parties 

than the developer of the method (MARIN), 

which has already provided validation within its 

publications. Organising such dedicated system-

atic trials on commercially operated ships has 

proven difficult, and no new results from trials 

were delivered or collected.  

Propulsion factors 

From literature review, including Raven’s 

full report, it was concluded that the total pro-

pulsion efficiency is expected to remain rela-

tively unaffected within the application range of 

the correction method. Raven’s study on differ-

ent ships showed the thrust deduction factor t in-

creases for decreasing depth, but only for very 

shallow water (outside the method’s application 

range). No clear trend was found within the ap-

plication range. The wake fraction is more sen-

sitive to shallow water effects within the appli-

cation range, with (1-w) decreasing for decreas-

ing depth. However, no usable approximation 

for all ship types is found yet. The changes in 

thrust deduction and wake fraction combined 

lead to a rise in hull efficiency. On the other 

hand, the propeller open water efficiency is ex-

pected to drop due to the increased resistance, 

(and thus higher propeller loading) and a re-

duced inflow speed (due to the increase of the 
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wake fraction). This counteracts the rise in hull 

efficiency, leading to a small overall change in 

propulsive efficiency 𝜂𝐷 .  

Based on several test cases, it was concluded 

by Raven that assuming an unchanged propul-

sive efficiency 𝜂𝐷 showed better merit. For the 

relative rotative efficiency no clear indication is 

found on the effect of shallow water. While 

large changes to the wake field may occur at 

very shallow water, the effect within the trial ap-

plication range is expected to be minor. 

5.3 Conclusion 

For the last two terms, validation efforts by 

conducting dedicated series of trials have 

proven difficult to realize.  

After review, is concluded appropriate to 

keep considering the propulsion effects un-

changed within the application range of the shal-

low water correction method. 

Based on the presently available validation 

results, it is recommended to keep the Raven 

method as the shallow water correction method 

in ITTC 2024 Procedure 7.5-04-01-01.1. 

It is recommended to continue monitoring 

the research efforts in this field in the future. 

6. WAVE CORRECTIONS 

The mean value of wave added resistance in 

irregular waves is the end result to be actually 

used for the S/P trial analysis. Therefore, more 

validation of wave-added resistance methods, in 

particular SNNM, covering all wave encounter 

angles are carried out targeting the short-term 

estimation of wave-added resistance in irregular 

waves. 

Additionally, following the request of AC, 

validation of the SNNM-SNU and SPAWAVE 

methods is conducted with the participation of 3 

members of this committee. The wave added re-

sistance responses in regular waves are vali-

dated against model test results. 

6.1 Validation of SNNM method for the 

evaluation of wave added resistance in 

irregular waves 

Validation setup.  Validation of wave added 

resistance in irregular waves is not as straight-

forward as that in regular waves. To properly 

validate methods for the evaluation of mean 

wave added resistance in irregular waves, it is 

necessary to carefully setup the validation pro-

cedures. 

The first and foremost issue is to determine 

the benchmark data. One obvious option is to 

use the model test result in irregular waves. 

However, it is unanimously agreed by this com-

mittee that such model results are scarce and the 

uncertainty of such tests can be very high. 

Therefore, it is deemed rational to apply the 

spectral analysis technique to the Quadratic 

Transfer Functions (QTFs) obtained from sea-

keeping model test, and use the short-term pre-

diction result of mean wave added resistance as 

the benchmark. Moreover, due to limited avail-

able data, the evaluation is considered only for 

long-crest irregular waves, as according to equa-

tion (1). 

𝑅𝑚𝑒𝑎𝑛 = 2 × ∑ 𝑄𝑇𝐹(𝜔) ∙ 𝑆𝜂(𝜔) ∙ 𝛥𝜔

𝜔𝑚𝑎𝑥

𝜔𝑚𝑖𝑛

 ( 6) 

The parameters in equation (1) will influence 

the end result of mean wave added resistance, 

which are listed and explained as follows: 

・ 𝑄𝑇𝐹(𝜔): quadratic transfer function of 

wave added resistance in regular waves 

corresponding to wave frequency ω; 

・ 𝑆𝜂(𝜔): wave energy spectrum; 

・ ωmin: lower limit of wave frequency for 

integration; 

・ ωmax: upper limit of wave frequency for 

integration; 



© ITTC-A 2024 

 

・ 𝛥ω: wave frequency interval for inte-

gration. 

Considering that only a limited number of 

wave frequencies can be obtained through sea-

keeping model test, interpolation and extrapola-

tion are necessary. 

Three interpolation methods are compared, 

i.e., linear, spline, and a function approximation 

method provided by CTO Fowles and Cassiday 

(1986). Based on the model test result of a 

20000TEU container vessel, these methods are 

compared as shown in Figure 1~3. As can be no-

ticed, the spline and the function approximation 

methods may sometimes produce unrealistic 

wiggles. Therefore, linear interpolation of the 

QTF is preferred for robustness, and is adopted 

for the validation. 

 

Figure 18 Comparison of interpolation methods (head 

wave case). 

 

Figure 19 Comparison of interpolation methods (bow 

oblique wave case). 

 

Figure 20 Comparison of interpolation methods (stern 

quartering wave case). 

Extrapolation of the QTF in the long-wave 

(low wave frequency) range is manageable since 

it is both theoretically and experimentally 

proved that the wave added resistance responses 

will approach zero with the increase of wave 

length. In line with the linear interpolation 

method adopted for the validation, the QTF is 

considered to be linearly decrease to zero in the 

long-wave range, from the end data point to the 

upper limit. 

Extrapolation of the QTF in the short-wave 

(high wave frequency) range is much more con-

troversial, because there is no consensus on the 

trend of wave added resistance responses in the 

short-wave range. This is further due to the lim-

ited testing capacities and high uncertainties as-

sociated with the wave added resistance tests in 

short waves. To circumvent the problem, it is re-

quired that the model test data to be used as 

benchmark must contain at least one data point 

tested in the short regular waves, whose wave 

length to ship length ratio (λ/L) is smaller or 

equal to 0.5. If this requirement is met, then the 

QTF is extrapolated as constant in the short-

wave range; otherwise, the set of model test data 

is discarded. 

Moreover, it is also required that the set of 

model test data must contain at least 5 data 
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points covering the range of λ/L from 0.5~2.0, 

with the peak response included to properly re-

flect the shape of the response spectrum. 

Figure 21 is a demonstration of the treatment 

of the QTF for spectral analysis. 

 

Figure 21 Treatment of QTF for spectral analysis. 

Subsequently, the ITTC wave spectrum ac-

cording to equation (2) is adopted for the valida-

tion, in consistent with the ITTC R.P. and the 

ISO15016 standard. 

𝑆𝜂(𝜔) = 173
𝐻𝑆
2

𝑇01
4 𝜔5

exp(−
691

𝑇01
4 𝜔4

) ( 7) 

In equation (2), HS is the significant wave 

height; T01 is related to the peak wave period TP, 

i.e., T01=0.773TP. 

In order to more comprehensively validate 

the performance of SNNM method in various 

sea conditions, four sea states are considered. 

Each sea state is the combination of one wave 

height with four likely wave peak periods, as 

listed in Table 1. 

Table 1 Sea conditions for the validation 

Sea 

State 
SS2 SS3 SS4 SS5 

HS (m) 0.5 1.0 2.0 3.0 

TP (s) 6,7,8,9 7,8,9,10 8,9,10,11 9,10,11,12 

Last but not least, computational-wise, the 

evaluation of equation (1) presents no challenge 

at all, so for our purpose, ωmin is set to be 

0.01rad/s, ωmax is set to be 10rad/s, and 𝛥ω is set 

to be 0.001rad/s to guarantee adequate spectrum 

coverage and integration accuracy. 

Validation database.  The same database 

adopted by the 29th ITTC Specialist Committee 

on Ships in Operation at Sea (SOS) is used for 

the current validation, containing the necessary 

input parameters of the sample ships for SNNM 

calculations and the seakeeping model test result 

of wave added resistance QTFs in regulars under 

various loading conditions, ship speeds and 

wave headings. 

The sets of QTFs available from the database 

are checked according to the requirements spec-

ified in the validation setup section. Some cases 

are excluded either due to too few data points, or 

lack of certain input parameters. For cases 

involve repeated tests, the mean values are used 

for the spectral analysis. 

In result, a total of 23 ships are included for 

the validation as listed in Table 2. The composi-

tion of ship types is shown in Figure 5. 

Table 2 Validation database 

N

o.   
Ship 

Organi-

zation 

Condi-

tion 

Vs 

(kn) 

Heading 

(deg) 

1 bulker CSSRC 

ballast 9 
0, 45, 90, 
135, 180 

scant-

ling 
9 

0, 45, 90, 

135, 180 

ballast 13 
0, 45, 

135, 180 

scant-

ling 
13 

0, 45, 

135, 180 

ballast 15 
0, 45, 

135, 180 

scant-

ling 
15 0, 45 

2 KCS 
CTO 

design 12 180 

design 20 180 

MARIC design 24 0, 45 

3 cruise 

HSVA 

design 13 0 

4 cruise design 17 0 

5 cruise 

design 15 
0, 30, 60, 
90, 120 

design 21 
0, 30, 60, 90, 

120, 150, 180 

6 cruise 
design 15 0, 30, 60 

design 21 0, 30, 60 

7 bulker 

MARIC 

design 13 
0, 30, 60, 90, 

120, 150, 180 

8 bulker design 10 
0, 45, 90, 

135, 180 

9 
KVL

CC2 

design 12 180 

design 15 0 

10 design 14 0, 45, 90 
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LNG

C 
design 20 0, 45, 90 

11 S175 

design 12 
0, 30, 60, 90, 

120, 150, 180 

design 20 
0, 30, 60, 90, 120, 

150, 180 

12 bulker design 8 0, 30, 150 

13 tanker 
design 10 0, 30, 60 

design 14 0, 30, 60 

14 cruise 

MARIN 

design 12 
0, 45, 90, 

135, 180 

15 ropax 
design 22 0 

design 20 0 

16 ropax design 23 0, 45, 120 

17 
con-

tainer 

design 22 0, 45 

design 12 0 

18 bulker 

NMRI 

ballast 17 0, 40 

laden 15 0, 40, 60 

19 
con-

tainer 
laden 21 0, 20, 40 

20 pcc 
laden 17 0, 60 

laden 21 0, 40 

21 tanker laden 18 0, 45 

22 tanker 

SAM-

SUNG 

laden 10 
0, 30, 60, 90, 

120, 150, 180 

laden 15 
0, 30, 60, 90, 

120, 150, 180 

23 
LNG

C 

laden 13 0 

laden 20 0 

 

Figure 22 Composition of ship types. 

Validation result.  The spectral analysis of 

the QTFs under the sea conditions listed in Ta-

ble 1 result to a total of 2144 data points. 

Calculations based on the SNNM method under 

the same conditions are performed. 

The validation results are plotted in Figures 

6~10, with data binned for various wave heading 

ranges. The correlation factors R between the 

benchmark and the SNNM method are listed in 

Table 3. The performance of SNNM is excellent 

in head to beam waves, but deteriorate in beam 

to following waves where the mean wave added 

resistances are small. 

Table 3 Correlation factor 

Wave heading range Correlation factor 

All wave headings 0.919 

Head wave only 0.972 

Head to bow oblique waves 0.946 

Head to beam waves 0.931 

Beam to following waves 0.713 

 

Figure 23 Validation result (all wave headings). 

 

Figure 24 Validation result (head wave only) 
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Figure 25 Validation result (head to bow oblique waves). 

 

Figure 26 Validation result (head to beam waves). 

 

Figure 27 Validation result (beam to following waves). 

6.2 Validation of various methods for the 

evaluation of wave added resistance in 

irregular waves using devoted dataset 

Due to the lack of input parameters of the 

sample ships, the validation of methods other 

than the SNNM method is not feasible using the 

database in Section 6.1. For this reason, NMRI 

provided an in-house database and this commit-

tee performed the evaluation of wave added re-

sistance in irregular waves based on 4 methods: 

STAWAVE-1, SNNM, NMRI and simple-

NMRI (Kuroda, 2023). Among the methods, 

simple-NMRI is the latest and is introduced as 

follows. 

Simple-NMRI method was proposed in or-

der to solve the issue on the current simplified 

method: STAWAVE-1, that is, the effect of ship 

speed on added resistance in waves is not taken 

into account in STAWAVE-1. Because the 

speed trials are conducted at the different ship 

speed, the lack of the consideration of the ship 

speed is the critical matter and should be im-

proved. 

The update of the simplified method was 

considered based on the concepts for a simpli-

fied method: 

- Easiness: calculate with a calculator, 

- Simplicity: calculate with a small number 

of ship dimension,  

and also based on the concepts for STA-

WAVE-1: 

- Considering the component of the added 

resistance due to wave reflection in head waves 

which is primary in the short-waves, 

-  The same input as STAWAVE-1. 

Simple-NMRI method applies the parameter 

expressing the effect of speed based on the 

NMRI method (theoretical method) in order to 

solve the problem for the current simplified 
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method that the ship speed is not taken into ac-

count. 

The outline of the method is described by the 

following formula. The details of the method 

and the validation results can be referred to the 

paper (Kuroda, 2023). 

𝑅𝐴𝑊𝐿 =
1

16
𝜌𝑔𝐻𝑆

2𝐵
1.3(𝐵 2⁄ )2

𝐿𝐵𝑊𝐿
2 + (𝐵 2⁄ )2

(1 + 𝐶𝑈𝑒𝐹𝑟) ( 8) 

𝐶𝑈𝑒

=

{
 

 10 for 
𝐿𝐵𝑊𝐿
𝐵

≤ 1.22

68 − 310
1.3(𝐵 2⁄ )2

𝐿𝐵𝑊𝐿
2 + (𝐵 2⁄ )2

for 
𝐿𝐵𝑊𝐿
𝐵

> 1.22
 

( 9) 

Where, RAWL is the added resistance in long-

crested irregular waves, ρ is the fluid density, g 

is the gravitational acceleration, HS is the signif-

icant wave height, B is the ship breadth and LBWL 

is the distance of the bow to 95% of the maxi-

mum breadth of the waterline, Fr is the Froude 

number. 

Validation setup.  The treatment of the QTFs 

obtained by seakeeping model test is the same as 

that elaborated in Section 3.1. 

As for the wave conditions, the ITTC wave 

spectrum is also used, but only the significant 

wave height of 1m is considered, along with the 

wave peak periods varying from 6s to 12s at an 

interval of 1s. 

Validation database.  The sample ships in-

cluded in the database provided by NMRI are 

listed in Table 4. Seakeeping model test results 

of the head wave case alone are considered for 

the validation. 

Table 4 Validation database 

No. Ship Condition Vs (kn) 

1 container laden 21, 26 

2 PCC laden 16.8, 20.9 

3 PXBC laden 12.1, 14.9 

4 VLCC laden 13.3 

5 JBC laden 14.5 

6 DTC laden 16, 18 

7 chemical tanker laden 12.7 

8 domestic cargo ship laden 8.9 

Validation result.  The validation results are 

shown in Figure 28÷Figure 39. The correlation 

factors of the 4 methods against the benchmark 

are listed in Table 5. All methods have achieved 

a R value larger than 0.8. For the given data set, 

NMRI method is the most competitive. 

Table 5 Correlation factor 

Method Correlation factor 

STAWAVE-1 0.822 

SNNM 0.887 

NMRI 0.982 

Simple-NMRI 0.897 

 

 

Figure 28 Validation result (container, 21kn). 

 

Figure 29 Validation result (container, 26kn) 
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Figure 30 Validation result (PCC, 16.8kn). 

 

Figure 31 Validation result (PCC, 20.9kn). 

 

Figure 32 Validation result (PXBC, 12.1kn). 

 

Figure 33 Validation result (PXBC, 14.9kn). 

 

Figure 34 Validation result (VLCC, 13.3kn). 

 

Figure 35 Validation result (JBC, 14.5kn). 
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Figure 36. Validation result (DTC, 16kn). 

 

Figure 37 Validation result (DTC, 18kn). 

 

Figure 38. Validation result (chemical tanker, 12.7kn). 

 

Figure 39 Validation result (domestic cargo ship, 8.9kn). 

6.3 Comparison of calculated added waves 

resistance obtained from various meth-

ods in regular and irregular waves 

To examine the capability of calculation 

methods for added wave resistance, compari-

sons have been made in terms of evaluation of 

added wave resistance in both regular and irreg-

ular waves. 3 methods including SNNM, 

SPAWAVE (Grin, 2022) and SNU methods 

(Lee & Kim, 2023) are used in this study. 

The following 4 ship models are employed: 

Model 1:   Oil tanker 

Model 2:   Bulk carrier 

Model 3:   Ore carrier 

Model 4:   Container carrier 

Added wave resistances in regular waves are 

calculated for the 4 ship models in fully loaded 

condition and compared with experimental data 

in Figure 40～Figure 43. 7 wave direction cases 

from head (180deg.) to following (0 deg.) with 

an interval of 30 degrees are examined. Added 

wave resistance is reduced to non-denational-

ized form (KAW) with the square of double wave 

amplitude. It is noted that KAW is equivalent to 

QTF for added wave resistance: 

𝐾𝐴𝑊 =
𝑅𝐴𝑊

4𝜌𝑔𝜁𝑎
2(𝐵2 𝐿⁄ )

 (10) 



© ITTC-A 2024 

 

Where, RAW is the added resistance in waves, ρ 

is the fluid density, g is the gravitational accel-

eration, ζa is the wave amplitude, B is the ship 

breadth and L is the ship length. 

 

 

 

Figure 40 Comparison of added resistance in regular 

waves (Model 1 oil tanker). 

 

Figure 41 Comparison of added resistance in regular 

waves (Model 2 bulk carrier). 

 

Figure 42 Comparison of added resistance in regular 

waves (Model 3 ore carrier) 
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Figure 43 Comparison of added resistance in regular 

waves (Model 4 container carrier). 

From the comparison of added wave re-

sistances in regular waves, the following fea-

tures can be observed among the calculation 

methods:  

a) SNU method shows similar behaviour as 

SNNM method except for in shorter waves. 

b) SPAWAVE method calculations are 

generally higher than the other 2 methods in 

shorter waves in beam to following directions. 

c) SPAWAVE method tends to predict 

peak of added resistance in shorter waves than 

the other 2 methods. 

Added wave resistances in long-crested ir-

regular waves are calculated for the 4 ship mod-

els using QTFs shown in Figure 44÷Figure 47. 

In the calculation ITTC (1964) wave spectrum 

is employed. Mean Wave Period (Tm) range 

corresponding to BF scales from 1 to 12 (1.2s to 

15.0s) are considered. Calculated data are com-

pared with experimental ones in Figure 

44÷Figure 47 at 7 wave direction cases from 

head (180deg.) to following (0 deg.) with an in-

terval of 30 degrees. Mean added wave re-

sistance in irregular waves are evaluated in the 

form normalized with the square of significant 

wave height. 

 

Figure 44 Comparison of added resistance in irregular 

waves (Model 1 oil tanker) 
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Figure 45 Comparison of added resistance in irregular 

waves (Model 2 bulk carrier). 

 

Figure 46 Comparison of added resistance in irregular 

waves (Model 3 ore carrier). 
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Figure 47 Comparison of added resistance in irregular 

waves (Model 4 container carrier). 

As clearly shown in the comparisons above, 

there are significant variations among calculated 

added wave resistances, in particular, at shorter 

waves periods. Also noted is that agreement 

with the experimental data is not satisfactory. 

No general trends can be drawn from this com-

parison in terms of the capability of the calcula-

tion methods evaluated in this study. That is, dif-

ference between particular calculation methods 

and experimental data is quite variable depend-

ing on model cases. Since accuracy in calculated 

wave added resistance in shorter wave periods is 

indispensable to enhance the accuracy of 

Speed/Power trial results, further examination 

and refinement of methods for the capability of 

wave added resistance may be needed. 

6.4 Validation of SNNM-SNU method 

For SNNM-SNU method, the simplified 

method has been developed for the practicability, 

and it is denoted as SNNM-SNUs method (Lee 

& Kim, 2023). Here, SNNM-SNU method is 

used for the validation. 

The published experimental data (Yokota 

and Kuroda et al. 2021, Yokota and Tsujimoto 

et al. 2021, Sasaki et al. 2009, Tsujimoto et al. 

2018, Tsujimoto 2012, Tsujimoto et al. 2023) 

are used for the validation, which is data of the 

same ships shown in Table 4 in Section 6.2. 

The validation results are shown in Figure 48. 

Here, KAW is the coefficient of the added re-

sistance in regular waves. 

 
(a) container, 26kn(left: head waves, right bow 

waves(40 deg.)). 

 

 
(b) container, 21kn(left: head waves, right bow 

waves(40 deg.)). 

 

 
(c) PCC, 20.9kn (left: head waves, right bow 

waves(40 deg.)). 
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(d) PCC, 16.8kn (left: head waves, right bow 

waves(40 deg.)). 

 

 
(e) PXBC, 14.9kn (left: head waves, right bow 

waves(40 deg.)). 

 

 
(f) PXBC, 12.1kn (head waves). 

 

 
(g) VLCC, 13.3kn (head waves). 

 

 
(h) JBC, 14.5kn (left: head waves, right: quar-

tering waves(135 deg.)). 

 

 
(left: head waves, right: bow waves(45 deg.)) 

 
(left: beam waves, right: quartering waves(135 

deg.)) 

(i) DTC, 18kn. 

 

 
(left: bow waves(45 deg.), right: beam waves) 

 
(quartering waves(135 deg.)) 

(j) chemical tanker, 12.7kn. 

 

 
 (k) domestic cargo, 8.9kn. 

Figure 48 Validation result in regular waves for SNNM-

SNUs 

From the comparison between SNNM-

SNUs method and tank test results, the follow-

ings are findings. 

For fine ships: container ships and PCC, 

calculated results underestimate tank test results. 

For blunt ships: bulk carriers, tankers and gen-

eral cargo, relation between calculated results 

and tank test results are different in each ship. 

These discrepancies have been found both in 

short waves where the contribution by SNUs is 

larger and in longer waves where the contribu-

tion by SNNM is larger. The cause is the effect 

of ship hull forms that cannot be considered just 
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by representative ship parameters since calcu-

lated results by NMRI method are in good agree-

ment with tank test results. 

As the conclusions, there is no advantage to 

apply the SNNM-SNUs method as the recom-

mended method since calculation accuracy of 

SNNM-SNUs is inferior to that of NMRI 

method. 

6.5 Added resistance in short waves 

The added resistance in short wave be-comes 

more important for the larger ship. However, 

due to the difficulties of generating very short 

waves in experimental tank, it is also difficult to 

validate the estimation method. 

Here are shown the experimental results for 

very short waves in Actual Sea Model Ba-sin in 

NMRI and those from referred paper for the 

post-Panamax container ship (DTC) (Yokota, 

2020). 

Figure 49 shows the frequency response of 

the added resistance in regular waves and three 

types of interpolations. Case1 is the constant 

from λ/L =0.2 of EXP.1 (NMRI), case2 is mon-

otonically increasing from λ/L=0.2 of EXP.2 

(SHOPERA) and case3 is constant from λ/L 

=0.2 of EXP.2. Figure 50 shows the added re-

sistance in long-crested irregular waves for three 

cases. It was found that the three types have dif-

ference only in very short waves for the fre-

quency response, but when converted at irregu-

lar waves, there is a large difference. For exam-

ple, at T=6.7s, the wave correction by case2 will 

be four times larger than that by case 1. It may 

lead unreasonable high-performance ship as a 

result of speed trial. 

 

Figure 49 Three types of frequency response interpolated 

from experimental values. 

 

Figure 50 Added resistance in long-crested irregular 

waves (Fr 0.139). 

The effect of the tendency of added re-

sistance in very short waves is remarkable in ir-

regular waves. 

The effects of differences in test results in 

very short waves cannot be ignored, and highly 

accurate measurements are required. 

For the validation in very short waves, qual-

ity assured data should be used and accumulated.  

Until sufficient validation would be com-

pleted, it is recommended that the added re-

sistance in short waves is treated as a constant 

value for the analysis of speed trial. 

6.6 Wave height effect on the added re-

sistance in waves 

The added resistance in waves is expressed 

as proportional to the square of the wave height, 

and linear superposition with the wave spectrum 
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is conventionally used for the evaluation in ir-

regular waves. It has been reported that uncer-

tainty of tank test is larger in smaller waves, and 

the added resistance divided by the square of 

wave height becomes small due to nonlinear ef-

fects in larger waves (e.g. Nakamura, 1975). 

However, the wave height effect has difficulty 

to treat on the linear superposition for the con-

ventional spectrum method.  

Figure 51 shows an example for the compar-

ison between test results in long-crested irregu-

lar waves and predicted results with the wave 

frequency spectrum and the response function. 

(Yasukawa, 2020) It was found that the differ-

ence of added resistance in irregular waves was 

shown at the wave height of 5m. 

 

Figure 51 Comparison between test results in long-crested 

irregular waves and spectrum prediction. 

On the other hand, In the guideline by 

ClassNK (Nippon Kaiji Kyokai, 2010), 3m is 

recommended for the experiment. Here, it is 

noted that for smaller ships, the wave height can 

be set to small: Length/100 in order to avoid 

nonlinear effects, and for larger ships, the wave 

height can be set to large: Length/100 in order to 

avoid large uncertainly. 

The wave height effect is difficult to be in-

cluded currently. Considering the wave height at 

the actual speed trial, the wave height effect can 

be negligible. 

7. WIND CORRECTION 

In full-scale ship performance evaluations 

by sea trials, the added resistance by wind has a 

significant impact. Considering this importance, 

accurate determination of wind speed and direc-

tion is essential. Ideally, undisturbed incident 

wind should be measured for accurate ship per-

formance evaluation. However, the wind meas-

urement method using an anemometer is suscep-

tible to interference from the ship’s structure. To 

address this, the Wind Averaging Method 

(WAM) was introduced, but its accuracy and 

potential side effects have not been thoroughly 

validated in actual sea environments. In this 

study, we examined the limitations of WAM in 

actual sea trial conditions and explored alterna-

tive approaches. 

7.1 Problem of Wind Averaging Method in 

Actual Sea Trial Environments 

Table 6 Power correction error due to WAM when wind veloc-

ity changes during double run 

Incident 

true wind 

velocity 

Wind velocity variation during double run 

0% +5% +10% +15% +20% +25% 

10 m/s 0.0% 0.5% 0.9% 1.4% 1.8% 2.3% 

8 m/s 0.0% 0.4% 0.8% 1.2% 1.6% 2.0% 

6 m/s 0.0% 0.3% 0.7% 1.0% 1.3% 1.7% 

4 m/s 0.0% 0.2% 0.5% 0.7% 1.0% 1.2% 

Table 7 Power correction error due to WAM when wind direc-

tion changes during double run 

Incident 

true wind 

velocity 

Wind direction variation during double run 

0˚ +10 ˚ +20 ˚ +30 ˚ +40 ˚ 

10 m/s 0.0% 0.6% 1.9% 4.1% 6.5% 

8 m/s 0.0% 0.3% 0.9% 2.2% 3.9% 

6 m/s 0.0% 0.1% 0.5% 1.2% 2.2% 

4 m/s 0.0% 0.1% 0.3% 0.7% 1.2% 

It was confirmed that WAM can cause errors 

on ship’s speed-powering performance evalua-

tion in an environment where the wind changes 

during double run. Under the assumption that 

the wind measurement is accurate, if the incident 

true wind velocity and direction change during 

double run, the WAM itself generates error as 

shown in Table 6 and Table 7. The cases in 

which the error caused by the WAM due to the 

wind variation exceeds 0.5% and 1.0% of the to-

tal propulsion power are marked in orange and 

red respectively. For instance, errors due to 
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WAM when over 1 m/s or 20 degrees change in 

actual true wind could significantly impact (over 

1% in power) on performance evaluation. 

In actual sea trial environments where wind 

speed and direction easily fluctuate, the WAM 

is likely to introduce significant errors during 

sea trials. Table 8 is the calculation results of the 

probability that the wind is stable (wind speed 

variation below 1 m/s and wind direction varia-

tion below 20 degrees) for 2 hours by analyses 

five years of data from the Korea Meteorologi-

cal Administration (KMA)’s marine weather 

buoy located in the three sea areas surrounding 

the Korean Peninsula. The probability that such 

stable conditions occur is only 32% per year on 

average, with a particularly low probability dur-

ing winter (around 12%). These findings high-

light that WAM has a high possibility of causing 

performance evaluation errors exceeding 1% in 

typical sea trial situations. Therefore, the accu-

rate wind measurement is crucial rather than 

compensating for disturbed wind using WAM. 

Table 8 the probability of stable wind in Korean offshore 

Location of 

buoy  

(Korea) 

East sea 

(Ulsan) 

West sea 

(Mokpo) 

South sea 

(Jeju) 

monthly 

average 

Month 

1 12% 33% 47% 31% 

2 12% 35% 31% 26% 

3 32% 40% 30% 34% 

4 24% 28% 44% 32% 

5 31% 32% 40% 34% 

6 37% 25% 24% 29% 

7 54% 36% 39% 43% 

8 48% 34% 41% 41% 

9 26% 41% 24% 30% 

10 25% 41% 28% 31% 

11 22% 37% 33% 31% 

12 12% 34% 25% 24% 

average 28% 35% 34% 32% 

 

7.2 Methods for Accurate Onboard Wind 

Speed Measurement 

Two methods were investigated for accurate 

onboard wind speed measurement: LiDAR-

based remote sensing and Computational Fluid 

Dynamics (CFD) simulations to determine opti-

mal anemometer placement.  

7.2.1 Remote wind measurement by using Li-

DAR 

LiDAR appears to be a promising instrument 

that can remotely measure wind flow accurately, 

but its high cost and the need for continuous 

maintenance and large equipment for installa-

tion limit practical use. Additionally, its onboard 

installation may introduce the errors due to ship 

motion and vibrations, requiring further re-

search for sea trial applications.  

7.2.2 Validation of CFD-Identified Anemome-

ter Locations 

To address the practical limitations of Li-

DAR and avoid errors associated with WAM, 

Computational Fluid Dynamics (CFD) was em-

ployed to calculate the airflow around a ship and 

determine suitable locations for anemometer in-

stallation.  

To establish criteria for identifying appropri-

ate positions, we investigated errors of ship’s 

performance estimation due to amount of wind 

distortion in 15K TEU container carriers where 

wind resistance is relatively significant. We 

aimed for power estimation errors due to wind 

distortion within 2%. As shown in Table 9 and 

Table 10, when wind disturbance by wind speed 

were within 10% and direction were within 10 

degrees compared to inflow wind, the perfor-

mance estimation error remained within 2%.  

Table 9 Estimated propulsion power error due to 10% of wind 

velocity error in container carrier 

Inflow 

wind ve-

locity 

(m/s) 

Inflow wind direction (deg.) 

0 30 60 90 120 150 180 

4 0.5% 0.5% 0.3% 0.0% -0.2% -0.2% -0.2% 

6 0.9% 0.9% 0.5% 0.1% -0.1% -0.3% -0.2% 

8 1.3% 1.3% 0.7% 0.3% 0.0% -0.2% -0.2% 

10 1.8% 1.8% 1.0% 0.5% 0.0% -0.1% -0.1% 

 

Table 10 Estimated propulsion power error due to 10 deg. of 

wind direction error in container carrier 

Inflow 

wind ve-

locity 

(m/s) 

Inflow wind direction (deg.) 

0 30 60 90 120 150 180 
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4 0.2% -0.3% -0.7% -0.7% -0.5% -0.3% 0.2% 

6 0.4% -0.5% -1.2% -1.1% -0.7% -0.3% 0.2% 

8 0.6% -1.0% -1.7% -1.3% -0.9% -0.4% 0.1% 

10 0.8% -1.5% -2.0% -1.6% -1.1% -0.4% 0.1% 

The CFD conditions used to calculate the 

airflow around the ship are summarized in Table 

11 and Table 12. Calculations were performed 

for three ship types (LNG carriers, LPG carriers, 

and tankers). Incident wind is considered as rel-

ative wind to simulate the actual sea trial situa-

tion. 

 

Figure 52 Example of CFD grid (LPG carrier) 

 

Table 11 CFD calculation conditions 

CFD Code/version OpenFOAM v10 

Solver PimpleFoam 

Fluid Air, constant density 

No. of cells 15~20 millions 

Table 12 Incident wind condition for CFD calcualtion (V: ve-

locity, D: direciton) 

Ship type LNGC VLCC LPGC Container C. 

Ship VRef 18.0 knots 15.0 knots 16.0 knots 22.0 knots 

Wind  

Vinflow 
8 m/s 8 m/s 8 m/s 8 m/s 

Inflow 

direction 

(deg.) 

V D V D V D V D 

0 17.3 0 15.7 0 16.2 0 19.3 0 

30 16.7 13.9 15.2 15.3 15.7 14.8 18.7 12.4 

60 15 27.6 13.6 30.6 14.1 29.5 16.8 24.3 

90 12.2 40.8 11.1 46 11.5 44.2 13.9 35.3 

120 8.7 52.8 7.9 61.8 8.1 58.6 10.1 43.4 

150 4.6 59.8 4.1 78.9 4.2 72 5.9 42.3 

180 1.3 0 0.3 180 0.2 0 3.3 0 

As shown in Figure 53 to Figure 58, the pos-

sibility of finding an appropriate location by 

CFD was confirmed. There were some anemom-

eter positions where the disturbance of wind ve-

locity and wind direction was calculated within 

10% or 10 degrees respectively in cases of LNG 

carrier and tanker. However, for LPG carrier 

case, appropriate positions could not be deter-

mined by using CFD simulations. Therefore, 

some supplementary methods such as LiDAR or 

additional WAM usage may be necessary in this 

case. (These results are not representative of 

specific ship types because they are ones of ex-

ample vessels) 

 

 

Figure 53 Wind velocity disturbance rate calculated by 

CFD for a LNG carrier  

 

Figure 54 Wind direction disturbance calculated by CFD 

for a LNG carrier 
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Figure 55 Wind velocity disturbance rate calculated by 

CFD for a LPG carrier 

 

 

Figure 56 Wind direction disturbance calculated by CFD 

for a LPG carrier 

 

Figure 57 Wind velocity disturbance rate calculated by 

CFD for a Tanker 

 

Figure 58 Wind direction disturbance calculated by CFD 

for a Tanker 

Some anemometer positions where is evalu-

ated by CFD were validated through onboard 

measurements during sea trials. The wind dis-

turbance rate of radar mast, signal light post, and 

foremast was evaluated by CFD calculation, and 

measurements were performed at each location 

during speed trial of a LPG carrier and a con-

tainer carrier. the wind measurement results ob-

tained from anemometers at each location were 

compared to undisturbed wind measured by Li-

DAR. The comparison results were observed 

when the wind was stable and when the wind 

change was severe during sea trial. 

As shown in Table 13, Figure 59, and Figure 

60 below, it was confirmed that in a situation 

where the wind is stable during the speed trial of 

a LPG carrier, the measurement at Foremast 

where determined to be the best position by CFD 

can derive a more accurate wind than the case 

where measured wind is corrected by WAM at 

the onboard anemometer position (Signal post) 

where is being more disturbance. 

Table 13 Absolute error rate at each anemometer position com-

pared to Lidar measurement during speed trial 

Run No. 
Signal post 

(Onboard) 
Radar mast Foremast 

WAM 

(Signal 

post) 

1-1 16.3% 17.3% 7.8% 8.2% 

1-2 2.0% 3.4% 0.6% 5.8% 

2-1 27.5% 14.8% 12.7% 15.5% 

2-2 0.4% 1.5% 3.0% 11.2% 

3-1 17.1% 17.3% 9.3% 13.3% 

3-2 0.2% 1.1% 2.1% 3.3% 

Average 10.3% 8.3% 5.3% 8.9% 

CFD 

results 
9.9% 8.8% 2.3%  

 

Figure 59 Wind velocity measurement results at each an-

emometer position during speed trial of a LPG carrier in 

stable wind 
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Figure 60 Wind direction measurement results at each 

anemometer position during speed trial of a LPG carrier 

in stable wind 

As shown in Figure 61 and Figure 62, it was 

confirmed that even in the situation where the 

wind changes during speed trial, the measure-

ment at Foremast, which was judged to be an ap-

propriate position through CFD, can derive a 

more accurate wind than the case where meas-

ured wind is corrected by WAM at the onboard 

anemometer position (Radar mast) where is be-

ing more disturbance. In particular, when the 

wind dramatically changes during speed trial, 

the wind speed and wind direction corrected by 

WAM cannot even keep up with the actual wind 

trend measured by Lidar. 

 

Figure 61 Wind velocity measurement results at each an-

emometer position during speed trial of a container car-

rier in unstable wind 

 

Figure 62 Wind direction measurement results at each 

anemometer position during speed trial of a container 

carrier in unstable wind 

7.3 Conclusions 

In the process of ship’s performance evalua-

tion, WAM could generate significant errors fre-

quently, so it is important to make the accurate 

measurement rather than correcting the wind af-

ter disturbed measurement.  

It was confirmed that remote wind measure-

ment using LiDAR or the searching for an ap-

propriate location for anemometer installation 

by CFD calculation were helpful for accurate 

wind measurement. LiDAR is a promising re-

mote sensing technique for wind measurement 

but is necessary to have more practicality for sea 

trial. Also, the effects of ship motion or vibration 

on wind measurement by LiDAR should be as-

sessed. It was confirmed that wind measurement 

with determination of appropriate anemometer 

location by using CFD calculation was effective 

to measure wind accurately and practically. It 

will be reviewed more to prepare standardized 

procedures. 

It was confirmed that errors generated by 

WAM were increased when the wind velocity 

and direction change more during speed trial. 

Therefore, WAM should be applied only in an 

environment where the wind blows uniformly 

during double run in the speed trial. 

8. YAW AND RUDDER ANGLE COR-

RECTIONS 

8.1  Influence of yaw angle 

As the influence of yaw angle, the effect due 

to drift is examined. First, the effect of the drift 

angle on the added resistance in waves can be 

considered as the change of inflow velocity as 

shown by the following equation. 

Δ𝑅𝑤𝑎𝑣𝑒(𝑉, 𝛽) = Δ𝑅𝑤𝑎𝑣𝑒(𝑉 cos𝛽) ( 11) 

Additionally, the resistance due to drift is 

considered. Examples for experimental results 

of longitudinal force for wide range of the drift 

angle and for estimated results of speed-power 

curves are shown in Figure 63 and Figure 64 for 

a large container ship. (Kuroda, 2021) Here XD' 

is the coefficient of longitudinal force due to 

drift expressed as the following equation, and XD 

is the longitudinal force due to drift,  is the 
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fluid density, L is the ship length, d is the draft 

and V is the ship speed. 

𝑋′𝐷 =
𝑋𝐷

0.5𝜌𝐿𝑑𝑉2
 

( 12) 

In Figure 63, two types of estimation are also 

shown. The one by Kijima(1990) shows oppo-

site tendency in small drift angle, and the other 

by Kijima’s equation with lift-induced drug 

(Sogihara, 2010) shows a large discrepancy in 

large drift angle. From Figure 64, it is found that 

this discrepancy results in the effect on the 

power at low speed since the drift angle at low 

speed is larger than that at usual operational 

speed near design speed. 

 

 

Figure 63 Longitudinal force due to drift for a large con-

tainer ship. 

 

 

Figure 64 Speed power curve for a large container ship 

(Oblique weather conditions of Beaufort scale 6) 

It was found that the resistance due to drift 

angle is larger at lower speed than the designed 

speed, and existing model may lead inaccurate 

estimation of power curve. However, the re-

sistance due to drift is small at designed speed, 

and influence to speed trial analysis is limited. 

Therefore, on this stage, additional correction by 

the resistance due to drift is not needed. 

8.2  Influence of rudder angle 

In ITTC Recommended Procedures and 

Guidelines 7.5-04 01-01.1, conditions of speed 
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trial are prescribed. According to the description, 

the rudder angles are assumed to be minimal 

(less than 5 degrees) in the speed trial. Therefore, 

the effect of rudder angle is expected to be lim-

ited. 

For the quantitative investigation, contribu-

tion of rudder action to resistance components is 

investigated. (Kuroda, 2022, Sakurada, 2023) 

Here, hydrodynamic forces due to steering are 

estimated by following regression formulae. Pa-

rameters in the equations can be estimated by 

model tests or regression formulae by Kijima et 

al. (1990) They are the same expression as 

ISO15016(2002). 

∆𝑅𝑟𝑢𝑑
′ = (1 − 𝑡𝑅)𝐹𝑁′ 𝑠𝑖𝑛 𝛿 ( 13) 

𝐹𝑁
′ =

𝐴𝑅
𝐿𝑑
𝑓𝛼𝑈′𝑅

2 𝑠𝑖𝑛 𝛼𝑅 
( 14) 

𝑓𝛼 =
6.13𝜆𝑅
2.25 + 𝜆𝑅

 
( 15) 

Where, tR is the steering resistance deduction 

fraction, AR is the projected rudder area, δ is the 

Rudder angle fα is the rudder lift gradient coeffi-

cient, UR' is the non-dimensional resultant in-

flow velocity to the rudder, R is the effective 

inflow angle to the rudder, and  R is the aspect 

ratio of rudder. 

As examples for calculated results, re-

sistance components for PCC are shown in Fig-

ure 65. It indicates that the effect of steering is 

smaller than that of winds, waves and drift for 

lower speed and for designed speed. 

 

 

Figure 65 Resistance components for PCC (upper: 14.5 

knot, lower: 9 knot) 

The expression of the effect of rudder angle 

as the inclusion in the resistance due to drift has 

been proposed and is shown by the following 

empirical formulae.(eq.(16)-(18)) The formulae 

calculate the resistance due to drift by side wind. 

However, there are several issues such that the 

effect of waves is not considered, and that coef-

ficients are not verified for the application. 

𝑅𝐷𝑟𝑖𝑓𝑡 =
𝜌

2
𝑉2 (𝐿2 (0.00022

𝑉

𝑢

+ 0.00466(
𝑉

𝑢
)
2

)

+ 0.5𝑆𝐴𝑝𝑝0.0041𝛿𝑅) 

( 16) 

𝑌𝑅𝑢𝑑𝑑𝑒𝑟 = 0.0372
𝜌

2
𝑉2𝑆𝐴𝑝𝑝 ( 17) 

𝑁𝑅𝑢𝑑𝑑𝑒𝑟 = 0.0372
𝐿

2

𝜌

2
𝑉2𝑆𝐴𝑝𝑝 

( 18) 

Where, RDrift is the resistance due to drift by the 

side wind, V/u is the ratio lateral/ longitudinal 

speed, SApp is the area of rudder, R is the rudder 

angle, YRudder is the rudder side force and NRudder 

is the rudder yawing moment. 
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As a conclusion, since the speed trials are as-

sumed to be conducted in head winds and waves 

or following winds and waves as far as possible, 

and the rudder angles are assumed to be minimal 

(less than 5 degrees), the effect of steering is 

limited. Therefore, on this stage, additional cor-

rection by the resistance due to steering for cor-

rection is not needed. 

8.3  Summary 

Through investigations based on case studies 

with estimation and experimental results, it is 

concluded that additional corrections by the re-

sistance due to drift and steering are not needed 

on this stage. 

9. NEW DEVELOPMENTS IN IN-

STRUMENTATION AND MEASURE-

MENT EQUIPMENT RELEVANT FOR 

SEA TRIALS AND IN-SERVICE PER-

FORMANCE ASSESSMENT 

Both the speed trials and in service perfor-

mance, accurate measurement of environmental 

conditions and ship operational data such as 

wind, waves, and propeller thrust is crucial. 

These factors significantly impact the ship's per-

formance and efficiency. Therefore, accurate 

and reliable on-board measurement of the wind 

and propeller thrust are essential for the evalua-

tion of the ship’s speed power performance. 

The full-scale measurements of the propeller 

thrust, torque, and revolution for a series of 

crude oil tankers were conducted during the 

speed trials. Two different measuring systems, 

strain gauge and optical type, were implemented 

to compare the performance of sensors as shown 

in Figure 66. 

            

 
- strain gauges -                          - optical 

- 

Figure 66 Schematic representation of strain gauges and 

optical measurement system 

To verify the results of thrust measurement 

using electrical and optical sensors, the relation 

of revolution, torque and thrust are compared 

with model test results (Figure 67 and 68). 

 

Figure 67 Comparison of thrust between speed trials and 

prediction results based on model test of crude oil tanker 

 

Figure 68 Comparison of torque between speed trials and 

prediction results based on model test of crude oil tanker 

As an important index that decides the accu-

racy of the thrust measurement, the relation be-

tween propeller thrust and torque was investi-

gated as shown in Figure 69.  
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Figure 69 Comparison of thrust - torque of crude oil 

tankers 

The results of thrust measurement at the 

same torque show approximately 10% differ-

ence from the model test results, mainly due to 

the stability of the zero value, which is found as 

a problem to be solved for the stable and reliable 

measurement of thrust.  

The characteristics of wind speed and direc-

tion by LiDAR have been investigated for RV 

vessel, LNG carriers, and large container (Fig-

ure 70). As shown in Figure 71, true wind speed 

and direction based on the wind LiDAR meas-

urements and empirical wind profiles were com-

pared. 

 

Figure 70 Wind LiDAR 

 

Figure 71 Comparison of Wind Profile for LNG Carrier 

Conclusions. For explore and monitor new 

developments in instrumentation and measure-

ment equipment relevant for sea trials and in-

service performance assessment, propeller 

thrust measurement system and wind LiDAR 

have been investigated. The experience with the 

strain gauge and optical sensor shows that ex-

tensive effort is required to realize precise thrust 

measurement. For the further study, the long 

term stability of the thrust measurement needed. 

The wind LiDAR offers the advantage of high 

precision in measuring wind direction and speed 

under various environmental conditions. The 

discrepancies between traditional Wind Profiles 

and LiDAR measurement results have been in-

vestigated. Further research is needed to deter-

mine the cause of differences. . 

10. UPDATE AN INVENTORY OF 

DATA BASES ON IN-SERVICE PERFOR-

MANCE 

It is considered that MARIN’s JoRes ship-

scale test cases data to be published in Decem-

ber 2024 (Ponkratov 2023) are most relevant to 

meet this TOR task, in particular, due to its cov-

erage of features relevant to in-service perfor-

mance issues, e.g., ship types, 3D configurations, 

ESDs, roughness measurements. 

Therefore, it seems to be appropriate for us 

to recommend ITTC full conference to include 

JoRes test cases in data base for full-scale issues 

in ITTC activity. While the JoRes test cases will 

not available to the public by December 2024, it 
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will not cause any trouble since next term activ-

ity will starts October 2024. 

Survey to ITTC member organizations re-

garding the provision of their full-scale data to 

this TOR task was conducted. 1 organization 

(SVA Potsdam) has contributed full-scale 

speed/power trails results for 7 ships. 

11. ACCURACY OF CFD FOR SHAL-

LOW WATER APPLICATIONS 

Accuracy of CFD for shallow water applica-

tions mainly concerning the shallow-water ef-

fect on propulsive performance has examined by 

the literature survey. Unfortunately, due to the 

scarcity of the published works, sufficient exam-

ination of the issue has not been conducted. In 

the following, results of literature survey con-

ducted in this committee which are relevant to 

effect of shallow-water on self-propulsion fac-

tors are described. 

Wang et al (2016) conducted the numerical 

prediction of ship self-propulsion in different 

shallow water conditions: H/T=2.0 and 

H/T=1.2(H : depth of water, T : draft of ship). 

The KRISO Container Ship (KCS) model is 

used in the simulations. Numerical computa-

tions are carried out by using a solver named 

naoe-FOAM-SJTU which is developed on the 

open source platform OpenFOAM and mainly 

composed of a dynamic overset grid module and 

a full 6DoF motion module with a hierarchy of 

bodies. A proportional-integral (PI) controller is 

applied to adjust the rotational speed of the pro-

peller to achieve the desired ship speed. The 

simulated results, i.e. the rate of revolution of 

propeller n, propulsion coefficients, are com-

pared to the experimental data provided by Flan-

ders Hydraulics Research (FHR) in SIMMAN 

2014. Good agreements between simulation re-

sults and experiment are demonstrated. It is con-

cluded that the present approach is applicable 

for self-propulsive prediction in shallow water. 

Cai et al. (2022) investigated the shallow-

water effects on self-propulsion factors by nu-

merical simulations. In this study, ship self-pro-

pulsion simulations were conducted by using 

STAR-CCM+, with both discretized propeller 

model and body force model. KVLCC2 hull 

form is employed. The results of the body force 

method show good agreement with the discre-

tized propeller method in different water depths. 

In addition, it was shown that water depth influ-

ences the thrust deduction fraction and the wake 

fraction significantly. It is concluded that the 

calculation results can provide a basis for the op-

timization of ship with low speed and large 

block coefficient as well as for the propeller op-

timization in shallow water. 

From the survey results described above, 

usefulness of CFD for the study of shallow-wa-

ter effect on self-propulsion factors can be con-

firmed. However, validation of the CFD has not 

sufficient for the application to the evaluation of 

full-scale ship performance yet. Further valida-

tions, in particular, comparison with full-scale 

data may be indispensable and should be contin-

ued in the following ITTC terms. 

12. TECHNICAL SUPPORT TO ISO 

AND IMO CONCERNING IN-SERVICE 

PERFORMANCE MONITORING 

For this task, the initial intention of this com-

mittee’s activity was directed to the contribution 

to the revision of ISO19030 for the measure-

ment of changes in hull and propeller perfor-

mance and defines a set of performance indica-

tors for hull and propeller maintenance, repair 

and retrofit activities.  

While ISO19030 has widely employed for 

the evaluation of in-service performance mainly 

in terms of performance of hull-surface coating 

system, its procedure seems to be not adequate 

from the ship hydrodynamic point of view and 

further modification may be necessary to be 

used as a technically reliable measure for in-ser-

vice performance evaluation. Our main concern 
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in the existing ISO19030 is in the lack of con-

sideration of wave effect in analysing the on-

board performance data, that is no correction for 

wave effect are applied, when reducing to the 

performance indicator. Due to the lack of the 

wave correction, the derived performance indi-

cator which nominally intended to indicate the 

deterioration due to hull and propeller surface 

fouling is contaminated with the effect of wave 

during in-service navigation. Thus, this commit-

tee intended to contribute in the revision of 

ISO19030 by providing technical support con-

cerning of introduction of wave correction pro-

cedure in on-board performance data analysis. 

Despite above mentioned intention of this 

committee to provide technical support to the re-

vision for enhancing accuracy of ISO19030, un-

fortunately from our point of view, the review 

for revision of ISO19030-2016 conducted in 

2021 resulted in a major vote to leave ISO 

19030:2016 unchanged. Thus, a new edition of 

ISO 19030 may not be published until 2029. 

There is no activity in both ISO and IMO rel-

evant to in-service performance monitoring dur-

ing the present ITTC term. No activity in tech-

nical support to ISO and IMO concerning in-ser-

vice activity. 

13. SURPORT ISO IN UPDATING 

ISO15016 IN COMPLIANCE WITH RP7.5-

04-01-01.1 

This committee has closely followed the ac-

tivities of ISO/TC 8/SC 6/WG 17 (WG for short 

hereafter) for revising ISO15016.  

The 1st DIS voting of the ISO15016 revision 

was conducted from 25 September to 18 Decem-

ber 2023. In the voting, 72% of the participating 

members approved the DIS. However, 32% of 

all members disapproved the DIS, so the DIS 

was not approved. Technical comments submit-

ted at DIS voting were reviewed, which in-

cluded two specific proposals for amendment. 

One is that only the 3D ultrasonic anemometer 

system is allowed for wind measurement, and 

the other is that wave added resistance transfer 

functions derived from model tests/SNNM can 

only be used in combination with the in-situ 

measured wave spectrum. These two issues 

were eventually resolved and the 2nd DIS was 

approved. 

This committee’s members participating in 

the WG as experts tried strenuously to achieve 

harmonization of the revised ISO15016 with 

ITTC R.P. 7.5-04-01-01.1. However, full har-

monization has not been achieved so far. 

Besides several minor differences between 

the two documents, the most outstanding differ-

ence lies in the permissible methods for the eval-

uation of resistance increase due to waves, as 

shown in Table 14. 

Table 14 Permissible wave correction methods 

Method 

ITTC R.P. 

7.5-04-01-

01.1 

ISO15016 

2nd DIS 

Seakeeping 

model test 
√ √ 

STAWAVE-1 √ √ 

STAWAVE-2 √ × 

SNNM √ √ 

NMRI √ × 

According to ITTC R.P. 7.5-04-01-01.1, five 

methods can be used for the evaluation of wave 

added resistance, including seakeeping model 

test, STAWAVE-1 (simplified correction 

method for ships with limited heave and pitch 

during the speed runs), STAWAVE-2 (empiri-

cal correction method with frequency response 

function for ships with heave and pitch during 

the speed runs), SNNM (semi-empirical method 

for predicting the added resistance of a ship ad-

vancing in waves of arbitrary directions) and 

NMRI (theoretical method with simplified tank 

tests in short waves or empirical formula). How-

ever, the STAWAVE-2 and the NMRI methods 

are not included in the 2nd DIS of ISO15016. 

Further work for harmonization should be con-

tinued. 
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14. UPDATE GUIDELINE FOR DE-

TERMINATION OF MODEL- SHIP COR-

RELATION FACTORS  

AC Working Group has been in principally 

responsible for this task and preparing the up-

date. After receiving the report of AC Working 

Group, the Committee requested a proposal to 

forming a new guideline on model-ship param-

eters for full-scale power predictions. But their 

proposal was late for due date of last R&P sub-

mission, therefore, the Committee had no choice 

but to decide to postpone the preparation work 

for the new guideline to the next ITTC term. 

Since then, AC Working Group has drafted their 

own R&P and is currently in the process of col-

lecting opinions from ITTC member organiza-

tions.  

The main contents of the draft R&P for eval-

uating power ratio between drafts proposed by 

AC Working Group are as follows: 

After the towing tank test of a given case, the 

facility predicts the extrapolated full-scale 

speed-power curves for trial and stipulated 

draught (EEDI draught and/or con-tract draught). 

The predicted power ratios are derived as 

Δ𝑃𝑃𝑅 = 𝑃𝑠𝑡𝑖𝑝𝑢𝑙𝑎𝑡𝑒𝑑/𝑃𝑡𝑟𝑖𝑎𝑙                 (19) 

To verify that the predicted power relations 

are reasonable, the model scale measurements 

and a few ship parameters are entered into a 

web-based software that AC Working Group 

has prepared. The output from the webpage is 

the Guideline power ratio: 

Δ𝑃𝐺𝐿 = 𝑃𝑠𝑡𝑖𝑝𝑢𝑙𝑎𝑡𝑒𝑑/𝑃𝑡𝑟𝑖𝑎𝑙                 (20) 

The fraction between the predicted and the 

guideline power ratios is derived as: 

 
𝐷 = Δ𝑃𝐺𝐿/Δ𝑃𝑃𝑅 − 1                (21) 

D expressed in % is the deviation when predict-

ing the loaded draught curve, after that the trial 

model test curve would be shifted to the speed 

trial results.  

The requirements of accepted test are: 

• 10-15 cases are submitted to the Sample Col-

lection (no more, no less) 

• The median D of the Sample Collection 

should be within ±3%  

• The absolute value of D should be within 5% 

for 90% of the cases in the Sample Collec-

tion  

• The absolute value of D should be within 

10% for 100% of the cases in the Sample 

Collection 

15. UPDATE GUIDELINE ON CFD-

BASED WIND COEFFICIENT 

The update of the guideline on CFD-based 

wind coefficients was done by rearranging and 

simplifying the formulae for height average 

wind speeds VA1 and VA2. The expanded new 

formulae are as follows: 

𝑉𝐴1
2 =

𝑉𝑟𝑒𝑓
2

2𝛼+1
⋅ (

𝐻𝐵𝑅

𝑧𝑟𝑒𝑓
)
2𝛼

  (22) 

𝑉𝐴2
2 =

𝑉𝑟𝑒𝑓
2

2𝛼+1
⋅ (

𝐻𝐿

𝑧𝑟𝑒𝑓
)
2𝛼

  (23) 

Above formulae were derived assuming the 

wind profile given by formulae: 

𝑉(𝑧) = 𝑉𝑟𝑒𝑓 ⋅ (
𝑧

𝑧𝑟𝑒𝑓
)
𝛼

 (24) 

where: 

𝛼  – wind profile exponent; 1/9 at the sea 

level 

𝑉𝑟𝑒𝑓 – reference velocity at reference level 𝑧𝑟𝑒𝑓 

𝑧𝑟𝑒𝑓 – height of reference wind velocity; typi-

cally 10 m 

The problem revolves around the dependence 

of wind resistance coefficients on the wind pro-

file. The existing guidelines and databases do 

not adequately define the wind profile. 

Taking the above into consideration, it is rec-

ommended to update the guideline on CFD-
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based wind coefficients by recalculating the ex-

isting database of wind resistance. The updated 

database should be used to provide a more accu-

rate representation of wind resistance, taking 

into account the variations in wind profiles. 

16. DEVELOPMENT OF RELEVANT 

TECHNIQUES FOR ENERGY SAVING 

AND THE NEEDS TO COMPLEMENT 

THE PRESENT EEDI FRAMEWORK 

The shift towards low-carbon and zero-car-

bon fuels necessitates a reassessment of the 

EEDI framework to ensure it remains relevant 

and effective in promoting energy efficiency. 

Additionally, the integration of cutting-edge 

technologies in maritime design and operation 

requires new methods for evaluating their im-

pact on energy efficiency. In cases where the 

EEDI alone may not adequately capture power 

savings, additional metrics may be needed to 

provide a more comprehensive assessment of 

energy efficiency improvements. 

The IMO circular MEPC.1 / Circ.896 (14 

Dec 2021) outlines methods for the calculation 

and verification of the attained EEDI, in line 

with various regulations of Annex VI to MAR-

POL. It addresses the combination of propulsion 

power (PP) and reference speed (Vref), integrat-

ing speed-power curves to reflect their com-

bined effects. Additionally, it accounts for tech-

nologies that generate electricity (PAEff), reduc-

ing the need for propulsion power. 

According to the IMO circular the power re-

duction includes several categories. Category 

(A) involves adjusting the power curve by 

changing either PP or Vref. Category (B) focuses 

on reducing propulsion power at Vref without 

generating electricity. Within this category, 

technologies usable anytime have an availability 

factor (feff) of 1.0 (category B-1), while those 

used under limited conditions have feff less than 

1.0 (category B-2). Category (C) includes gen-

erating electricity to reduce propulsion power at 

Vref. Technologies effective all the time have feff 

equal to 1.0 (category C-1), whereas those de-

pendent on ambient conditions have feff less than 

1.0 (category C-2). 

Power reduction might be categorized into 

those that affect main engine power (A and B) 

and those that influence auxiliary power (C). 

Technologies that reduce friction, optimize hull 

and propeller design, or utilize energy-saving 

devices (ESDs) fall under Type (A). Hull air lu-

brication systems that can be switched on or off 

are categorized as Type (B-1). Wind assistance 

technologies like sails, Flettner rotors, and kites 

are classified as Type (B-2). Waste heat recov-

ery systems that function continuously are cate-

gorized as Type (C-1), while photovoltaic cells 

that depend on environmental conditions fall un-

der Type (C-2). 

The air lubrication system (ALS) is becom-

ing more popular in recent days; however, im-

plementation in EEDI calculation needs a 

deeper look into the metrics used for sea-trial-

derived power curve corrections. The auxiliary 

power requirement includes the energy con-

sumed by running the air lubrication system it-

self. Performance measurement involves both 

calculated and measured data from full load and 

sea trials, both with ALS on and off. The total 

power reduction is given by formula: 

𝑃𝑒𝑓𝑓 = 𝑃𝑒𝑓𝑓𝐴𝐿 − 𝑃𝐴𝐸𝑒𝑓𝑓𝐴𝐿
𝐶𝐹𝐴𝐸

𝐶𝐹𝑀𝐸

𝑆𝐹𝐶𝐴𝐸

𝑆𝐹𝐶𝑀𝐸
 (25) 

where: 

𝑃𝑒𝑓𝑓𝐴𝐿 – propulsion power reduction due to 

air lubrication 

𝑃𝐴𝐸𝑒𝑓𝑓𝐴𝐿 – auxiliary power of running air lu-

brication 

Further the power reduction due to air lubri-

cation system is derived is calculated by: 

𝑃𝑒𝑓𝑓𝐴𝐿(𝑇) = 𝐴𝐷𝑅𝑇 × 𝑃𝑃 (26) 

where index (T) means draught, which might 

be trials draught, design or full load. It is obvi-

ous that during sea-trials the actual reduction 
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rate (ADR) is derived directly from evaluated 

power curves (see Figure 72), however calcula-

tion of ADR for other draughts is based only on 

estimations. Thus there are several key chal-

lenges in the integration of ALS technology. 

Firstly, there is a lack of clear guidelines on how 

to estimate reduction rates using model tests, 

computational fluid dynamics (CFD), or empir-

ical formulas. Secondly, there are no standard-

ized procedures or recommendations for con-

ducting sea trials with ALS. Additionally, there 

is no definitive evidence showing the propor-

tional relationships between full load and sea tri-

als load reduction rate scaling. Lastly, there is 

insufficient information on how sea state and 

weather conditions impact ALS performance. 

 

Figure 72 Definition of ADR from sea trials 

 
Several areas need further research and stand-

ardization to improve the capability and relia-

bility of ALS technologies. Clear estimation 

methods should be established to standardize 

ADR derivation for draughts other than those 

applied during sea trials. Standard procedures 

and recommendations for conducting sea trials 

with ALS need to be developed. Correlation 

studies are necessary to establish proportional 

relationships between different load conditions 

and reduction rates. Finally, investigating the 

influence of weather conditions on the perfor-

mance of ALS and other innovative technolo-

gies is crucial. 

17. FULL SCALE DATA ON THE EF-

FECT OF ENERGY SAVING METHODS 

17.1 Overview 

In the current context of carbon peak and 

carbon neutrality, the energy-saving and emis-

sion-reduction technologies that the ship indus-

try is focusing on. Extensive theoretical research 

and practical ship applications have proven that 

these technologies are the potentially effective 

techniques for reducing the EEDI and EEXI of 

ships.  

In order to improve the energy efficiency of 

operating ships, systematic energy efficiency 

solutions are often used today. These include the 

optimization of hull lines for actual sea condi-

tions, the use of high-efficiency propellers, the 

selection of optimal hydrodynamic energy-sav-

ing devices (Pre-ESDs: PSV, WID, PSS; Post-

ESDs: PBCF, Rudder Bulb, Rudder Fins and so 

on), and the adoption of revolutionary and inno-

vative energy-saving technologies (ALDR, 

Wind Rotor, Wind Sail). There are multiple 

methods to evaluate the energy saving effect af-

ter the application of these technologies. Numer-

ical simulations are usually used at the design 

stage to optimize the solution and forecast the 

energy saving effect. Laboratory model tests can 

also be used to assess the energy savings and to 

predict the energy efficiency level of the full 

scale ship. Both numerical simulations and 

model tests generally consider the relative com-

parison between applying energy-saving tech-

nologies and not using energy-saving technolo-

gies in still water. However, the real sea state en-

vironment, including wind, waves, and currents, 

will have an impact on the final energy effi-

ciency, and there is also a scale effect between 

the model scale and the full scale, and all these 

factors need to be supported by sufficient sea 
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trail data of full scale ship. Especially, the statis-

tical data of long-term operation is more mean-

ingful for evaluating the energy-saving effect af-

ter applying energy-saving technologies. There-

fore, full scale data are very important for the 

prediction and evaluation of energy saving ef-

fect. 

Table 15 Combination of energy saving technologies 

OBJECT TARGET TECHNOLOGIES 

HULL 
DRAG RE-

DUCTION 

Hull lines optimization under still 

water and sea condition 

Trim optimization 

Upper building optimization for low 

wind resistance  

Surface drag reduction such as mi-

cro-bubble, low drag coat, etc. 

ENGINE 

EMISSION 

REDUCTI-

OIN 

Power limitation 

Optimum working condition 

Low carbon fuel or no carbon fuel 

PROPEL-

LER 

EFFICIENCY 

IMPROVING 

Optimum match among stern, main 

engine and propeller 

Suitable Propulsion type 

High efficiency propeller  

ENERGY 

SAVING 

Pre-ESDs (PSV, WID, PSS... ) 

Post-ESDs (PBCF, Rudder Bulb, 

Rudder Fins...) 

 

17.2 Hydrodynamic Energy Saving Tech-

nologies 

Some energy-saving technologies whose 

basic principles are closely related to hydrody-

namics, usually we call them hydrodynamic en-

ergy-saving technologies. The energy saving de-

vice pre-shroud-vanes (PSV or PSD) in front of 

the propeller, the high-efficiency propeller 

(HEP), and hub vortex absorbed fins (HVAF or 

PBCF) behind the propeller, etc. are all in this 

category. Different energy saving devices pro-

duce different energy saving benefits. 

⚫ Pre-ESDs: PSV 

-Producing added thrust by accelerated 

ducts; 

-Producing favourable pre-swirled inflow 

into propeller by inside vane and reducing 

rotational losses of slipstream; 

-Helping to improve propeller efficiency by 

establishing a more uniform inflow into the 

propeller; 

-Energy saving about 3%~8%; 

⚫ Propeller Optimization: HEP 

-Optimum diameter for higher efficiency; 

-Skewed blade for lower induced vibration; 

-Using new profile for higher efficiency, bet-

ter cavitation performance; 

-Optimum radial pitch for higher efficiency, 

better cavitation performance; 

-Specific skew at tip to vortex cavitation 

suppression; 

-Wake adapted for optimum match with Hull; 

-Theoretical design to Balance optimization 

on efficiency-vibration-cavitation; 

-Energy saving about 3%~5%; 

⚫ Post-ESDs: HVAF 

-Energy saving by installing behind propel-

ler instead of Propeller Cap, to reduce the en-

ergy losses of hub vortex; 

-Energy saving about 2%~5%; 

17.3 Analysis Method Based on Sailing 

Records 

Forecasting and evaluating the effect of en-

ergy saving methods can be done through model 

tests, including resistance and self-propulsion 

tests in towing tank, propeller hydrodynamic 

tests in cavitation tunnel, etc. These methods are 

used to compare with each other the propulsive 

efficiency of the whole ship with and without 

energy-saving devices, so as to forecast the per-

formance of the full-scale ship and obtain the 

EEDI or EEXI index. 



© ITTC-A 2024 

 

Another method is to obtain data such as 

loading capacity, speed, main engine power, 

fuel consumption and so on through the full 

scale ship sea trial or long-term monitoring. By 

comparing and analyzing the changes of these 

data with and without ESD with the same type 

of ships or sister ships, we can obtain the full 

scale energy saving effect. 

However, full scale ship data are different 

from laboratory data, uncertain and subject to 

greater environmental interference. More sys-

tematic data are mainly analyzed and processed. 

For example, when utilizing full scale ship fuel 

consumption data for analysis, the effect of dif-

ferent loadings must be corrected. 

The analysis is based on Admiralty Coeffi-

cient – Cm, i.e., 

𝐶𝑚 =
△
2
3⁄ ·V3

𝑃𝑚
 (27) 

Where, △ is the displacement; V is the ves-

sel speed; and Pm is the power of main engine. 

Herein, the displacement and the power of 

main engine can be represented by the load ca-

pacity and the fuel oil consumption, respectively. 

𝐹. 𝑂. 𝐶∆𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 = (
∆𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛

∆𝑎𝑐𝑡𝑢𝑎𝑙
)

2

3
× 𝐹. 𝑂. 𝐶𝑎𝑐𝑡𝑢𝑎𝑙 (28) 

𝐹. 𝑂. 𝐶𝑉𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 = (
𝑉𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛

𝑉𝑎𝑐𝑡𝑢𝑎𝑙
)
3
× 𝐹. 𝑂. 𝐶∆𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛

 (29) 

Where, 

F.O.C△correction: the fuel oil consumption af-

ter displacement correction; 

F.O.Cactual: the fuel oil consumption before 

displacement correction; 

F.O.CVcorrection: the fuel oil consumption after 

ship speed correction; 

△correction: the displacement at the load con-

dition after displacement correction; 

△actual: the displacement at the load condi-

tion before displacement correction; 

Vcorrection: the ship speed at the load condition 

after speed correction. 

Vactual: the ship speed at the load condition 

before speed correction; 

Based on this analysis method, the fuel oil 

consumption can be transformed into the same 

condition including the same vessel speed and 

same load capacity. Thus, the energy saving ef-

fect can be calculated by 

𝐸𝑛𝑒𝑟𝑔𝑦𝑠𝑎𝑣𝑖𝑛𝑔𝐸𝑓𝑓𝑒𝑐𝑡 = (1 −
𝐹.𝑂.𝐶𝑎𝑓𝑡𝑒𝑟

𝐹.𝑂.𝐶𝑏𝑒𝑓𝑜𝑟𝑒
) × 100%(30) 

Where,  

F.O.Cafter: the corrected fuel oil consumption 

after energy efficiency upgrade; 

F.O.Cbefore: the corrected fuel oil consump-

tion before energy efficiency upgrade. 

According to the experiences, the data (with 

steaming time ≥16 hours, the laden condition 

(drafts) close, and the rotation of ME close also 

before and after Energy Efficiency Upgrade are 

chosen as the sample data to analysis. 

The actual fuel consumption depends not 

only on the technical status of the ship, but also 

on the sea condition (Removing the influence of 

sea state ≥5) as well as hull fouling conditions 

(Basically the same). In order to even the influ-

ence of these conditions, it is necessary to col-

lect more sailing data to get more accurate en-

ergy saving effect. 

17.4 Some Full Scale Date about Energy 

Saving Effect of ESDs 

In order to analyse the full-scale ship energy 

saving effect of ESDS, CSSRC collected some 

model test and full scale sail trail data through 

CMES-Tech (CSSC Shanghai Marine Energy 

Saving Technology Co., Ltd) to help the full 
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scale analysis of the energy saving effect from 

2021 to 2024. 

⚫ HVAF or PBCF 

HVAF is a simple and commonly used en-

ergy saving device. Usually, the energy saving 

effect measured in the model test in the labora-

tory is only about 2%, while a large number of 

real ship application results show that the energy 

saving effect of the full scale is larger than that 

of the model scale. There were collected five 

cases full scale data about using HVAF (PBCF), 

and these cases can be compared with sister 

ships sea trail results. Some case has model test 

result. 

Table 16 Full scale data with HVAF 

No. Ship Sister Ship 

Case1  27000DWT MPC  1 

Case2  57000DWT B.C 1 

Case3  75200DWT B.C 1 

Case4  114,500DWT B.C 5 

Case5  180,000DWT B.C Long period record 

Two 27000DWT MPC vessels, one is 

"PING AN" without HVAF and the other is 

"XIN FU" with HVAF, were carried out sea trail  

in Class 1 and Class 2 sea state respectively. 

Normally, the measured speeds under class 1~2 

sea state can be uncorrected, and the ballast con-

dition of these two ships is close to each other 

during the sea trial. The measurement and re-

cording of the main engine shaft power during 

the sea trial can be used to derive the speed-

power-revolution relationship of each ship. 

Comparative analysis of the data of the trial voy-

age of two vessels can be used to evaluate the 

energy-saving effect of HVAF. The result indi-

cate that it can obtain about 4%~5% energy sav-

ing of HVAF. 

 

Figure 73 Energy saving effect of 27000DWT MPC with 

HVAF 

Two sister vessels of 57000DWT bulk car-

rier, N276 is installed with conventional cap and 

N373 is installed with HVAF. N373 is moored 

in the harbour for a long time before the sea trial, 

and the hull has a lightly fouled. When analysing 

the data of the sea trail, if it directly compares 

the speed and power, the speed increased by 

0.08 knots with HVAF under the same power, 

and consumed 167kW less power under the 

same speed. The energy saving effect is abt. 

2.4%. If roughness correction is applied to the 

N373 vessel, the energy saving effect can be in-

creased to 5%. 

Table 17 Roughness effect for energy saving of HVAF 

Design 

Draught 

N276 

Without 

HVAF 

N373 

With 

HVAF 

△ 
Energy 

Save(%) 

Corrected 

Roughness 

effect 

7308kW 14.64kn 14.72kn 0.08kn -- -- 

14.46kn 6927kW 6760kW 167kW 2.40% ~5% 

HVAF for a 114,500DWT bulk carrier was 

designed and has been installed onto ship num-

bered as HN1164, and the sea trial was carried. 

According to the model test results, it can be 

seen that the efficiency of propeller with HVAF 

increased about 2.7  at design point (J0≈0. 3), 

and the ship speed can be increased about 

0.1 kn at different drafts. Since there are five 

sea trial reports for five delivered sister ships of 

HN1164, the energy saving effect of HVAF can 

be analyzed based on the comparison between 

HN1164 and its sister ships. The sea trial drafts 
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and environmental conditions of these ships are 

shown in Tab 18 and 19. 

 

Figure 74 Open water efficiency of model test result with 

and without HVAF 

Table 18 The sea trial drafts of HN1164 and its sister 

ships 

Hull No. 

Sea Trial Drafts 

TF (m) TM (m) TA (m) 
Corresponding 

Disp. (tons) 

HN1155 7.80 8.900 9.650 73959.30 

HN1156 7.91 8.820 9.740 73975.20 

HN1157 7.93 8.850 9.400 73674.06 

HN1158 8.08 8.965 9.600 74877.80 

HN1163 7.76 P 8.85/S 8.71 9.670 74634.00 

 

HN1164 7.77 P 9.05/S 9.11 9.960 75583.80 

Table 19 The environmental conditions of HN1164 and 

its sister ships 

Hull No 

Environmental Conditions 

Geo-

graphic 

Position 

Wind 

Force 

Wind 

Direc-

tion 

Sea 

Condi-

tion 

Depth 

HN1155 
East 

China Sea 
4-5 Bft NE 

Douglas 

3/4 

Around 

70m 

HN1156 
East 

China Sea 
5 Bft NW 

Douglas 

4 

Around 

70m 

HN1157 
East 

China Sea 
3 Bft SE 

Douglas 

2 

Around 

70m 

HN1158 
East 

China Sea 
4 Bft N 

Douglas 

3 

Around 

70m 

HN1163 
East 

China Sea 
4-5 Bft NE 

Douglas 

3 

Around 

70m 
 

HN1164 
East 

China Sea 
2 Bft SW 

Douglas 

1 

Around 

70m 

With the correction of the wind, wave, tide, 

shallow water and still air condition of model 

test, the corrected results can be obtained as 

listed in Tab 20 without HVAF. From the results, 

it can be found that the displacement of each 

ship is different from the design condition. Thus, 

it is necessary to correct the displacement effect 

for each ship. According to ITTC Procedures 

and ISO 15016, the displacement effect can be 

corrected by Admiralty Coefficient Method. It is 

easy to find that the ship speed of each ship is 

quite different from each other, the difference 

between the highest one and the lowest one is 

about 0.456 knots. The averaged results of ship 

speed is 15.488 knots at service point. 

Table 20 Ship speed of 114,500DWT bulk carrier with-

out HVAF at service point 

CSR with Sea Margin: 
 PD=MCR*0.85*0.985/1.15=11518kW 

Hull No. TF(m) TM(m) TA(m) 
Displace-

ment(t) 
Vs (kn) N(rpm) 

Model 

Test 
7.742 8.823 9.903 73716.36 15.080 98.27 

 

HN1155 7.80 8.90 9.65 73959.30 15.670 98.58 

HN1156 7.91 8.82 9.74 73975.20 15.214 99.73 

HN1157 7.93 8.85 9.40 73674.06 15.678 100.58 

HN1158 8.08 8.97 9.60 74877.80 15.349 99.45 

HN1163 7.76 8.80 9.67 74634.00 15.411 99.44 
 

Average ---- ---- ---- ---- 15.464 ---- 

Table 21 Ship speed of 114,500DWT bulk carrier with-

out HVAF after corrected for displacement 

Hull 

No. 

Model 

Test 
HN1155 HN1156 HN1157 HN1158 HN1163 

Average 

(Sea trials) 

Vs 
(kn) 

15.080 15.681  15.226  15.676  15.402  15.452  15.488 

The HN1164 has been installed HVAF, and 

the sea trials has been carried. Passed through 

the wind and wave analysis, tide analysis and 

still air correction, the ship speed at service point 

before and after corrected displacement is 

shown in Tab 22. By analyzing the results, the 

ship speed with and without HVAF can be ob-

tained. As for without correcting of displace-

ment, the ship speed without HVAF is about 

15.46kn, while it is about 15.60kn with HVAF. 

As for with correcting of displacement, the ship 

0.48
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0.56

0.6

0.64

0.68

0.72

0.36 0.40 0.44 0.48 0.52 0.56 0.60
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J0

η 
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speed with and without HVAF is 15.69kn and 

15.49kn, respectively. Consequently, the ship 

speed has been increased 0.14kn and 0.20kn be-

fore and after displacement correction, respec-

tively. As a result, it can be concluded that en-

ergy saving effect of HVAF based on sea trial 

results is about 3% to 5%, better than the model 

test results. 

Table 22 Ship speed of HN1164 with HVAF after cor-

rected for displacement 

CSR with Sea Margin:  

PD=MCR*0.85*0.985/1.15=11518kW 

Hull No. TF(m) TM(m) TA(m) 
Displace-

ment(t) 

Vs 

(kn) 
N(rpm) 

HN1164 7.700 9.100 9.960 75583.80  15.60  101.05 

Displacement Correction 

HN1164 7.742 8.823 9.903 73716.36 15.69 ---- 

Table 23 Ship speed prediction under heavy ballast draft 

before displacement correction 

VS(kn) 

PS (ηS=0.985)                     Unit: kW 

EN-

ERGY 

SAV-

ING 

Without PBCF 
With 

PBCF 

HN1155 HN1156 HN1157 HN1158 HN1163 
AVER-

AGE 
HN1164 

14.5 8904.1 9779.6 8544.3 9682.0 9606.9 9303.4 8897.1 4.37% 

15.0 10081.0 11091.9 9785.8 10870.5 10760.3 10517.9 10136.7 3.62% 

15.5 11269.4 12467.4 11179.1 12068.2 11895.4 11775.9 11444.6 2.81% 

Table 24 Ship speed prediction under heavy ballast draft 

after displacement correction 

VS(kn) 

PS (ηS=0.985)                     Unit: kW 

EN-

ERGY 

SAV-

ING 

Without PBCF 
With 

PBCF 

HN1155 HN1156 HN1157 HN1158 HN1163 
AVER-

AGE 
HN1164 

1 .5   7 .3  750.   5  .6  567.2  512.   251.7  710.7 5. 5  

15.0 10055.2 11060.5  7 0.  107 3.  10667.  10 63.7   22.3 5.17  

15.5 112 2.1 12 33.6 111  .  11  3.6 117 5.6 11720.0 11222.   .2   

The shipowner of 180,000DWT bulk carrier 

“DA YUAN” provided the data of full scale ship 

operation in one year period. Based on these 

data with and without HVAF, the energy saving 

can be analysed. Statistical analysis was per-

formed by excluding data from days of sailing 

in rough sea conditions. Based on full scale op-

eration record data, the HVAF can save fuel 

consumption about 10% both loaded and un-

loaded conditions. 

Table 25 The record results in no load condition 

Project 

criterion： 

all record data 

criterion： 

only include the data 

of MOD SEA and SLT 

SEA 

Without 

HVAF 

With 

HVAF 

Without 

HVAF 

With 

HVAF 

Day. 86 54 56 36 

Total voyage 

(mile) 
23321 14736 15313 10456 

Total time（h） 1919.5 1203.1 1248 841 

Average speed 

(kn) 
12.15 12.25 12.27 12.43 

Total Fuel con-

sumption（t） 
2724.3 1579.5 1754.2 1117.9 

24 hour AV. Fuel 
consumption

（t/d） 
34.06 31.51 33.7 31.902 

Table 26 Comparison with 12kn Fuel consumption aver-

age 

Project 

criterion： 

all record data 

criterion： 

only include the data 

of MOD SEA and 

SLT SEA 

Without 

HVAF 

With 

HVAF 

Without 

HVAF 

With 

HVAF 

Average speed 

(kn) 
12.15 12.25 12.27 12.43 

24 hour AV. 
Fuel consump-

tion（t/d） 
34.06 31.51 33.7 31.902 

At 12 kn speed 

condition 
24 hour AV. 

Fuel consump-

tion（t/d） 

32.53 29.19 31.03 28.00 

Energy saving 
(%) 

10.26% 9.78% 

⚫ PSV or PSD 

PSV is increasingly used in many hydrody-

namic energy saving devices. Its energy-saving 

effect is also very significant. It can be used 

alone or together with HVAP, rudder bulb (RB) 

and high-efficiency propeller, etc., thus pursu-

ing higher energy-saving effects. There are 

some full scale data of cases with PSV.  

Table 27 Full scale data with PSV 

No. Ship ESDs 

Case1  1100TEU 1 PSV 

Case2 298,000DWT VLCC 1 PSV 

Case3  325K DWT VLOC 1 PSV+HVAF 
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Case4  210K B.C 1 PSV+HVAF 

Case5  57000DWT B.C 6 PSV+HVAF 

Case6  175K B.C 1 PSV+HVAF 

Case7 180,000DWT B.C 1 
PSV+HVAF+ 
LR Coating 

Case8 230,000DWT Ore CARRIER 1 
PSV+HVAF+ 

RB+PM 

Both the 1,100 TEU and 298,000 DWT 

VLCC are fitted with PSV energy saving de-

vices. Forecasts of laboratory model test results 

show that the energy-saving effect of PSV on 

container ships is only about 3%, while PSV on 

VLCC can reach 5% to 7%. There are 11 voy-

ages number and 22 groups data without PSV, 

and 9 voyages number and 18 groups data with 

PSV. According to the full scale voyage data of 

1,100 TEU, the fuel consumption is decreased 

1.4t every 24h, the energy saving is about 4.5% 

with PSV. For the VLCC, the energy saving ef-

fect by fuel consumption is about 9.6%. For the 

energy saving effect of these two ships with PSV, 

the full scale results show the same trend as the 

model tests. 

Table 28 Energy saving effect of PSV at design draught 

for 1100 TEU by model test result prediction 

 

Table 29 Energy saving effect of PSV at design draught 

for 298,000 DWT VLCC by model test result prediction 

 

Table 30 Fuel consumption for 1100 TEU with and with-

out PSV 

Proj. 

Average 

speed 
(kn) 

24 hour AV. 

Fuel con-
sumption

（t/d） 

Average 

Loading 

Corrected the 

same loading and 

speed of fuel 
consumption 

（design 

draft/14.5kn） 

Without 

PSV 
14.2kn 29.4t/24h 4582t 31.3t/24h 

With 
PSV 

14.5kn 29.1t/24h 3959t 29.9t/24h 

Diff. +0.3kn -0.3t/24h -623t -1.4t/24h 

Table 31 Fuel consumption for 298,000 DWT VLCC 

with and without PSV 

Average data 

Energy Efficiency 

Upgrade Remarks 

Before After 

F. O. C(13.00kn, T=20.0m) 

 (tons/24hour) 
75.09 67.91 

PSV 

𝐸𝑛𝑒𝑟𝑔𝑦𝑠𝑎𝑣𝑖𝑛𝑔𝐸𝑓𝑓𝑒𝑐𝑡 = (1 −
𝐹. 𝑂. 𝐶𝐸𝑆𝐷𝑠
𝐹. 𝑂. 𝐶𝑁𝑂 𝐸𝑆𝐷𝑠

)× 100% 9.6% 

For the difference between the model test 

prediction results and the full scale sea trial re-

sults, both 325K DWT VLOC and 210K B.C 

give comparative results. The prediction result 

of ITTC method is lower than SINTEF Ocean 

method about 0.16kn，the sea trail result in the 

middle of the prediction results. The effect of in-

put data of environments is significant，so en-

vironment parameter of the sea trail is very im-

portance. The results of the full scale of these 

two ships with sea state corrections were closer 

to the model test prediction. 
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Table 32 The prediction results with different towing 

tank method for 325K DWT VLOC 

CSR, 15%S.M Prediction fullscale 

Condition ESD 
SINTEF 

Ocean method 

ITTC method 

+prop. correc-
tion 

Diff. 

Ballast PSV+HVAF 
16.16kn 

56.7rpm 

16.00kn 

56.9rpm 

-0.16kn 

+0.2rpm 

Table 33 The sea trial results with different input condi-

tion of environments for 325K DWT VLOC 

CSR, 15%S.M Sea trail results 

Condition ESD 

Input data 

（Wave 1.0m、

tide 1.5m） 

Input data 

（Wave 0.5m、

tide 0.6m） 

Diff. 

Ballast PSV+HVAF 
16.12kn 

57.2rpm 

15.89kn 

57.2rpm 

-0.23kn 

+0.0rpm 

Table 34 Model test prediction results & sea trail results 

for 210K B.C 

  Vs(kn) N(rpm) LRM(%) 

Design 

draft 

Model 

test 

14.59 66.0 7.5% 

Sea trail 14.62 67.0 9.1% 

Scant-

ling draft 

Model 

test 

14.05 65.7 7.1% 

Sea trail 14.08 66.8 8.8% 

57000DWT B.C has six sister vessels with 

PSV and HVAF, four of which have good sea 

trail data. The unit energy consumption is sig-

nificant effected by the loading. So the full scale 

ship energy saving value should be compared in 

the same loading condition. According to the 

full scale ship record results, the unit consump-

tion of heavy fuel can be calculated for different 

voyage actual data and plotted the figure of 

“loading- unit consumption of heavy fuel”. 

From these results, using the unit consumption 

heavy fuel of the same loading condition, the en-

ergy saving is significant. The fuel consumption 

are decrease from 8% to 20%. The full scale sea 

trail result indicate that 175K DWT B.C also has 

15.5% energy saving effect for fuel consump-

tion with PSV and HVAF. 

 

Figure 75 Loading- unit consumption of heavy fuel of 

“Pulan Sea” 

 

Figure 76 Loading- unit consumption of heavy fuel of 

“Daishan Sea” 

 

Figure 77 Loading- unit consumption of heavy fuel of 

“Hengshan Sea” 

 

Figure 78 Loading- unit consumption of heavy fuel of 

“Changshan Sea” 
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Table 35 The fuel consumption compared with and with-

out PSV + HVAF for 175K DWT B.C 

  
Without 

ESD 

With 

ESD 

Energy 
saving  

(%) 

Total mileage recorder (mile） 46137 10834 

/ 

Total time（h） 3834.9 796 

speed（kn） 12.03 13.61 

Total fuel consumption（T） 5467.50 1388.2 

Average day fuel consumption

（T/day） 
34.22 41.86 

Calculated 13kn Average day 
fuel consumption (T/day) 

43.17 36.47 15.5% 

It is common to ask whether repeated appli-

cations of energy-saving devices ahead and be-

hind the propeller are in direct superposition en-

ergy saving effect to each other. The 180K DWT 

B.C could not meet the standard in the EEXI as-

sessment, so PSV, HVAF and LR Coating were 

used. The model test results indicate that PSV 

and HVAF can increase efficiency 5.4% and 

2.5%, respectively. LR Coating can saving en-

ergy 4%. Real ship data realistic combined fuel 

consumption assessment energy savings of 

21.6%.  The 230K DWT Ore Carrier used mul-

tiple energy-saving devices include PSV, Rud-

der Bulb and HVAF. The model test results 

show that the energy saving effect can obtain 9% 

and 10% at design and ballast condition. The full 

scale data give the same tendency on fuel con-

sumption. The energy saving effect of ballast is 

slightly better than design draught. 

 

Figure 79 Model test verification the total energy saving 

effect of 180K DWT B.C 

Table 36 The fuel consumption compared with and with-

out ESDs for 180K DWT B.C 

Average data 

Energy Efficiency 

 Upgrade Remarks 

Before After 

F. O. C(11.00kn, T=17.45m) 

 (tons/24hour) 
39.90 31.30 

PSV+HVAF 
+LR Coating 𝐸𝑛𝑒𝑟𝑔𝑦𝑠𝑎𝑣𝑖𝑛𝑔𝐸𝑓𝑓𝑒𝑐𝑡

= (1 −
𝐹. 𝑂. 𝐶𝐸𝑆𝐷𝑠
𝐹.𝑂. 𝐶𝑁𝑂 𝐸𝑆𝐷𝑠

) × 100% 21.6% 

 

 

Figure 80 Energy saving model test of 230K DWT Ore 

Carrier 

Table 37 Model test results for 230K DWT Ore Carrier 

at design condition 

 

Table 38 Model test results for 230K DWT Ore Carrier 

at ballast condition 

 

Table 39 The fuel consumption compared with and with-

out ESDs for 230K DWT Ore Carrier 

Average data 

Energy Efficiency 

Upgrade Remarks 

Before After 

F. O. C(13.00kn, Design 

draft)  (tons/24hour) 
65.36 55.51 

Hull fouling is in 

good condition before 
Energy Efficiency 

Upgrade 
PSV+HVAF+RB+PM 

  
𝐸𝑛𝑒𝑟𝑔𝑦𝑠𝑎𝑣𝑖𝑛𝑔𝐸𝑓𝑓𝑒𝑐𝑡

= (1−
𝐹.𝑂. 𝐶𝐸𝑆𝐷𝑠
𝐹.𝑂. 𝐶𝑁𝑂 𝐸𝑆𝐷𝑠

) × 100% 15.1% 

F. O. C(10.50kn, Ballast 

draft)  (tons/24hour) 
33.00 27.43 

  
𝐸𝑛𝑒𝑟𝑔𝑦𝑠𝑎𝑣𝑖𝑛𝑔𝐸𝑓𝑓𝑒𝑐𝑡

= (1−
𝐹.𝑂. 𝐶𝐸𝑆𝐷𝑠
𝐹.𝑂. 𝐶𝑁𝑂 𝐸𝑆𝐷𝑠

) × 100% 16.9% 

From the comparison of model test and real 

ship data from several ships regarding the use of 

with PSV + HVAF + Rudder Bulbwith PSV + Rudder Bulbwith PSVwithout ESD

Energy

Saving

Power 

Difference

Energy

Saving

Power 

Difference

Energy

Saving

Power 

Difference

Rotational 

Speed

Delivered

Power
Vessel Speed

∆PDT3

(%)

PDT3-PDT0

(KW)

∆PDT2

(%)

PDT2-PDT0

(KW)

∆PDT1

(%)

PDT1-PDT0

(KW)

Ns0

(r/m)

PDT0

(KW)

Vs

(kn)

8.5%-5135.7%-3434.5%-27451.9603311.0

8.9%-6186.1%-4244.9%-33654.2691611.5

9.3%-7326.5%-5115.1%-40456.6788412.0

9.5%-8536.7%-6035.3%-47858.9894012.5

9.7%-9776.9%-6955.4%-55061.41008813.0

9.7%-10976.9%-7805.5%-62063.81132813.5

9.7%-12276.9%-8735.5%-69566.31266714.0

9.7%-13656.9%-9705.5%-77668.81410814.5

9.5%-14956.7%-10565.4%-84871.31570115.0

9.1%-15926.3%-11005.0%-88074.01751415.5

8.4%-16365.5%-10814.4%-85776.71958216.0

with PSV + HVAF + Rudder Bulbwith PSV + Rudder Bulbwith PSVwithout ESD

Energy

Saving

Power 

Difference

Energy

Saving

Power 

Difference

Energy

Saving

Power 

Difference

Rotational 

Speed

Delivered

Power

Vessel 

Speed

∆PDT3

(%)

PDT3-PDT0

(KW)

∆PDT2

(%)

PDT2-PDT0

(KW)

∆PDT1

(%)

PDT1-PDT0

(KW)

Ns0

(r/m)

PDT0

(KW)

Vs

(kn)

-11.0%-528-8.2%-396-6.7%-32447.1480511.0

-10.4%-573-7.7%-421-6.4%-35249.3549411.5

-10.1%-635-7.3%-460-6.2%-39051.5626612.0

-10.1%-720-7.3%-522-6.2%-44353.7713012.5

-10.3%-835-7.5%-611-6.4%-51556.0809713.0

-10.7%-980-7.9%-726-6.6%-60458.3916913.5

-10.8%-1122-8.1%-836-6.7%-69560.71034614.0

-10.7%-1241-7.9%-920-6.7%-77463.21162714.5

-10.6%-1385-7.8%-1024-6.7%-86965.71306915.0

-11.0%-1623-8.2%-1217-6.9%-101968.41475715.5

-11.3%-1874-8.5%-1417-7.0%-116471.11663316.0
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energy saving devices, the energy saving effect 

of the full scale is usually higher than the results 

of the model test. 

Table 40 Summary comparison of model tests and real 

ship data with ESDs 

 

17.5 Innovative Energy-saving Technology  

CMES-Tech company provided some full-

scale data of the benefits of ALDR about their 

research works. The research on ALDR technol-

ogy begins with a laboratory flat plate drag study 

to analyse the effect of air layer structure on drag 

reduction. Then, some test studies of the ship 

model are carried out in the towing tank to con-

sider the effect of the hull line shape. After ver-

ifying the function and energy-saving effect of 

the ALDR system through a large-scale proto-

type vessel test on the lake. Finally, the energy-

saving effect under different working conditions 

is analysed through the test on the full scale ship. 

 

Figure 81 Air Layer Drag Reduction System (ALDR 

System，CMES-ALESS) 

Table 41 Achieved technical index 

 

Designed and developed a 100 ton principle 

sample ship of the air resistance reduction prin-

ciple. The application object is for 95,000 ton 

bulk carrier with a scaling ratio of 1:10. Within 

the applicable speed range, the typical energy-

saving effect is 18%. Under the design draft and 

design speed, the energy-saving effect is more 

than 11%. 

 

Figure 82 ALDR principle sample ship on lake 

Table 42 Results of lake test results of ALDR 

Ship 

Speed 

Shaft 

Power- 

without 
ALDR 

Shaft 

Power-

with 
ALDR 

Power of 

Air-jet 

Net En-
ergy Sav-

ing Effect 

kn kW kW kW % 

1.50 0.678 0.466 0.131 -11.95% 

2.00 1.019 0.734 0.131 -15.11% 

2.50 1.534 1.156 0.131 -16.10% 

3.00 2.308 1.822 0.131 -15.38% 

3.50 3.473 2.482 0.502 -14.08% 

4.00 5.225 4.01 0.502 -13.65% 

4.50 7.862 6.478 0.502 -11.22% 

5.00 11.829 10.465 0.502 -7.29% 

5.20 13.929 12.678 0.502 -5.38% 

The ALDR system was applied to two real 

ships, 400 TEU and 334 TEU open container 

ship. The speed and shaft power obtained under 

the fixed engine speed N=390rpm and different 

air jet flow for 400TEU. The net energy-saving 

Real ship resultsModel test resultsESDs and HEPShip typeNo.

15.1% at design draft

16.9% at ballast draft

9.7% at design draft

10.7% at ballast draft
PSV, HVAF, RB,PM230k Ore Carrier1

8.3% at scantling draft

16.5% at ballast draft

5.6% at scantling draft

6.6% at ballast draft
PSV, HVAF,PM57k Bulk Carrier2

11.1% at scantling draft

12.1% at ballast draft

6.6% at scantling draft

6.7% at ballast draft
PSV, HVAF,PM92.5k Bulk Carrier3

19.8% at design draft

23.9% at scantling draft
6.2% at design draftPSV, HVAF53k Bulk Carrier4

about 10.0% at design draft12.5% at design draftHEP, HVAF3300m3-LPG5

about 9.5% at laden draft

5.6% at scantling draft

5.9% at design draft

7.5% at ballast draft

PSV298k-VLCC6

31.9% at scantling draft

36.9% at ballast draft

12.6% at scantling draft

12.4% at ballast draft
PSV, HVAF, RB, LR298k-VLOC7

10.8~11.8% at design draftabout 6.0% at design draftHEP, HVAF26k Bulk Carrier8

13.9~27.5% at laden condition

14.9~19.7% at ballast condition
11.4% at scantling draftPSV, LR82k Bulk Carrier9

21.6% at laden condition11.1% at scantling draftPSV, HVAF, LR180k Bulk Carrier10

Research ResultResearch objectResearch Stage

Sigle side Friction resistance reduction was
more than 60%.

Flat plate modelPrinciple Research

The typical drag reduction rate was about
50%.

Ship model
Ship Model 
Research

① The typical net energy saving was about
18% within the applicable speed range;

② The net energy saving was more than
11% at designed condition.

100 ton class principle sample 
ship

Lake Test Research

The relative drag reduction rate was over
90% in the air layer covered zone.

Big flat plate model
Ship Utilization 

Research 

The net energy saving effect was more than
7%.

432TEU
Full scale shipFull Scale Ship 

Verification The net energy saving effect was more than
8%.

334TEU Full scale ship 
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effect under the best air injection flow is 12.5%. 

For 334 TEU ship, the energy savings were 

tested at different speeds with optimal ventila-

tion and obtain above 7%.  

 

Figure 83 ALDR applied on 400TEU container ship 

 

Figure 84 Speed and shaft power curve obtained under 

different jet volume for 400TEU 

 

Figure 85 Full scale test result for 334TEU 

Wind-assisted rotor, wind sail and seawing 

have been used on full scale ship. MEPC report 

indicate that the wind energy saving technique 

normally can obtain about 5%~20% energy sav-

ing. By statistical data of International Wind 

ship Association (IWA), there were 21 ships us-

ing the wind energy saving until third quarter of 

2022. The data become to 49 ships to the end of 

2023.  

 

Figure 86 Using the wind energy saving ships 

 

Figure 87 “E-Ship”-2010 and “Afros”-2018 

In 2023, 45000DWT bulk carrier with four 

units wind-assisted rotor, the full scale sea trails 

have been finished at East sea of CHINA. The 

diameter of rotor is 2.9m and the total height is 

21.6m. The max rotation speed of rotor is 280 

r/min. The sea trail test content include the rotor 

with turn on and turn off condition. In ballast 

condition, wind speed is 12m/s, wind direction 

is 55°, the speed can be increased abt. 0.7kn. 

Converting into the same speed condition, the 

main power can be decreased more than 15%. In 

full load condition, wind speed is 22m/s, wind 

direction is 50°, the speed can be increased abt. 

1.0kn. The main power can be saved abt. 30%. 

  

Figure 88 Wind-assisted rotor of 45000 DWT B.C 

At the optimum air jet volume, 

the net drag reduction is 12.5%.
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Table 43 Sea trail results of 45000 DWT B.C with Wind-

assisted rotor 

 

17.6 Scale Effect Research of ESDs 

It is short of the model test and CFD calcu-

lation results, and compared with full scale data. 

Especially, it is difficult to obtain enough the 

full scale data when the shipyard makes the sea 

trial. In order to research the scale effect, the 

special test ship is necessary. But the full scale 

ship is too expensive. A mid-scale test ship can 

be used to do some research about the scale ef-

fect of energy saving technique. CSSRC carried 

out a project of “mid-scale” test ship. The “mid-

scale” model tests on optimized hull lines, pro-

peller. Model was equipped with reconfigurable 

ESD (pre-shroud vanes, hub vortex absorber, 

etc.). The particulars of the ship are L=55m, B 

=10m, disp.=1500t and speed 10knots at maxi-

mum. It can be equipped with propeller hub fins, 

replaceable: rudder, ESD, wind assisted rotor, 

air layer system. Geometry is close to VLCC un-

der waterline. Stereo PIV measurement was car-

ried out through the windows installed in the aft 

part. It is equipped with whole ship system, with 

the monitoring all the devices including ship 

route and speed optimization systems. SMART 

operating system was developed and ship was 

ready for remote control. Ship was launched 

20/7/2023 and sea trials were carried out on Sep-

tember 2023. There were four combinations of 

installed ESD tested. The difference of the re-

sults between repeat tests was within the range 

of 1%. Turning circle tests were carried out and 

compared with model tests and simulation. The 

manoeuvring indices were compared and the in-

fluence of ESD on these indices was noticed. 

Further the smart operation system was tested in 

operation on fully remote vessel. Additional 

tests are planned to continue the study on the 

scale effect.  

 

Figure 89 “Mid-scale” test ship 

 

Figure 90 Carried out multiple exchange of ESDs on 

“Mid-scale” test ship 

17.7 Conclusions 

There are difficulties in comparing the effec-

tiveness of ESD (Energy Saving Device) be-

tween model scale and full scale data due to en-

vironmental conditions during sea trials. Addi-

tionally, assessing the effectiveness of ESD in 

service is challenging due to uncontrolled differ-

ences in loading conditions between ships with 

ESD and ships without ESD. 

Deep water towing tank test is the most com-

monly using and effective method to verify ship 

energy consumption. It has been verified by the 

actual ship operation that the hydrodynamic en-

ergy efficiency upgrade can improve the ship 

speed and save fuel for the main engine. It is 

proved that this model test is feasible. 

For the operating ships, the combination of 

energy saving technologies such as Propeller 

Modification (PM), High Efficiency Propeller 

(HEP) and Energy Saving Devices (ESDs) can 

save energy consumption by more than 10%. 
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The energy-saving effect of real ship opera-

tion may be affected by sea conditions (such as 

wind, wave and current) and hull fouling condi-

tions, and most of them are better than the results 

of model test. 

It is necessary that more full-scale data of 

ALDR would be collected. Some detail influ-

ence factor should be analysed such as ship mo-

tion, wave and ship speed. 

The wind-assisted rotor can obtain signifi-

cant energy saving from the full scale sea trail 

results. It has bright future. But it is short of the 

model test and CFD calculation results, and 

compared with full scale data. 

In the future, it is necessary for preparing a 

guideline on survey of energy saving methods 

for the performance of this systems in sea trials 

and operational conditions. 

18. NEED FOR NEW PROCEDURES 

FOR EVALUATING SMART SHIP PER-

FORMANCE 

18.1 Overview 

Autonomous, unmanned, or smart ship tech-

nology holds promise in the commercial mari-

time industry due to potential improvements to 

safety and efficiency as well as reduced operat-

ing costs.  Development of these technologies 

relies upon the ability to conduct tests and trials 

to validate predictions and demonstrate real-

world performance.  Existing ITTC trials proce-

dures, notably RP 7.5-04-01-01.1, are agnostic 

to the method of vessel control, be it manned or 

unmanned.  The question, therefore, is whether 

any gaps exist within ITTC trials procedures, 

unique to unmanned or autonomous ships, 

which are not already addressed through exist-

ing international regulatory policy.  

18.2 IMO Maritime Autonomous Surface 

Ship (MASS) Code 

In recognition of the unique safety and secu-

rity issues associated with the trials of Maritime 

Autonomous Surface Ships (MASS), IMO is-

sued Interim Guidelines for MASS Trials in 

MSC.1/Circ. 1604 (IMO, 2019).  The Maritime 

Safety Committee (MSC) intends to adopt a 

non-mandatory, goal-based MASS Code to take 

effect in 2025.  The non-compulsory code would 

serve as the basis for a mandatory, goal-based 

MASS Code expected to enter into force on 1 

January 2028.  The Interim Guidelines provide 

recommendations related to risk management, 

compliance, manning and qualification, human 

factors, infrastructure, and communications. 

Regarding risk management, the Interim 

Guidelines address the specific risks to safety, 

security, and the environment.  Risk identifica-

tion and controls are recommended to reduce 

risks to acceptable levels.  Contingency plan-

ning is suggested to mitigate the impacts of in-

cidents or failures.  Adequate notifications 

should be provided to outside parties who may 

be impacted by MASS trials and any associated 

incidents or failures.  Finally, safety should be 

evaluated throughout trials and testing must be 

stopped when safety controls lose effectiveness.   

Onboard or remote operation of the MASS 

vessel during trials should be only by qualified 

personnel.  All personnel involved in the trials 

should be adequately qualified and familiar with 

MASS trial safety procedures.  Trial planning 

should address the human-system interface as 

well the provision of adequate monitoring infra-

structure to ensure that MASS trials can be con-

ducted safely and securely.   

Monitoring capabilities for all personnel 

should provide information regarding the per-

formance of the vessel and the decision-making 

process for automated systems.  Communication 

systems should support data and voice commu-

nications to ensure safe execution of testing and 

consideration of redundancy of these systems is 

recommended.  Cyber security of the monitoring 

and communications systems, as well as other 

test infrastructure, should be considered as part 

of a holistic risk management process. 
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In summary, the Interim Guidelines for 

MASS Trials provide enhancements to the trial 

planning and execution processes to address the 

unique aspects of operation and testing of un-

manned or autonomous vessels.  The recom-

mended guidance does not directly impact or 

change how S/P trials are conducted in accord-

ance with RP 7.5-04-01-01.1. 

18.3 International Network for Autono-

mous Ships (INAS) 

The International Network for Autonomous 

Ships (INAS) was informally organized in 2017 

as an outgrowth of the Norwegian Forum for 

Autonomous Ships (NFAS) (Rødseth, 2022a).  

The charter of the organization is to act as a fo-

rum for the retention and dissemination of infor-

mation of common interest regarding unmanned, 

autonomous, and smart ships.  SINTEF Ocean 

currently serves as the organization’s secretariat.  

As of 2024, INAS is comprised of nearly 20 

members or prospective members from Asia, 

Australia, Europe, and North America. 

INAS maintains a listing of known autono-

mous ship test areas (Rødseth, 2022b).  As of 

2024, the autonomous ship test areas are in Bel-

gium, Finland, Netherlands, Norway, the United 

Kingdom, and the United States.  Additional test 

areas or research facilities that can support au-

tonomous ship research are located in Germany 

and Italy. 

In addition to consolidating information re-

garding autonomous ship test areas, INAS also 

maintains a repository of guidelines for MASS 

trials.  These include various national policies, 

EU and IMO guidelines, as well as voluntary 

practices suggested by INAS itself.  INAS and 

its progenitor, NFAS, currently serve as de facto 

coordinators of MASS testing guidance and pol-

icy in the absence of compulsory rules. 

18.4 Conclusions 

Trials of MASS vessels are typically focused 

on autonomous navigation and autonomous be-

haviours as these aspects set them apart from 

manned surface ships.  While MASS trial proce-

dures may incidentally coincide with the tech-

niques utilized for S/P trials, this is expected to 

be the exception and rarely the purpose for 

MASS trials.  IMO Interim Guidelines for 

MASS Trials do not fundamentally impact the 

test procedures or methodology utilized to con-

duct ship S/P trials.  It is therefore recommended 

that FSSPC continue to monitor developments 

in IMO MASS policy, with compulsory rules 

expected to enter into force in 2028, as well the 

MASS testing guidance cultivated by INAS and 

NFAS. 

19. CONCLUSIONS AND RECOM-

MENDATIONS TO THE 30TH ITTC 

19.1 Main Conclusions 

a) Task 1 A) 

Literature survey has conducted on the ap-

plication of data-driven approaches.  

AI technologies can be useful and effective 

tools to analyze the huge volume of ship op-

erational data and solve complicated prob-

lems such as validating the energy efficiency 

performance of ships, the modelling and pre-

diction of wave added resistance of ships in 

the seaway, the on-line prediction of ship 

maneuvering behavior for collision avoid-

ance, the monitoring of fouling and aging in-

fluence, etc.  

It can be expected that there will be more 

and wider AI applications concerning full 

scale ship performance in the future.  

 

b) Task 1 B) 

Measuring techniques for waves in 

speed/power trials are reviewed through lit-

erature survey.  

 

c) Task 1 C) 

It is considered that MARIN’s JoRes ship-

scale test cases data to be published in De-

cember 2024 are most relevant to meet this 
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TOR task, in particular, thanks to its cover-

age of ship types, 3D configurations, ESDs, 

roughness measurements. 

 

d) Task 1 D) 

It is found that the reliability of full-scale 

CFD simulation results have remained quite 

low compared to that of model-scale results 

mainly due to the lack of sufficient full-scale 

validation data, and that performance pre-

diction based on full-scale CFD simulation 

results is not practically feasible at present. 

 

e) Task 2 A) 

Survey on the requirements for changes in 

the light pf current practice has conducted 

through the questionnaire to ITTC member 

organizations for the revision of R.P. 7.5-01-

01-01.1. 

 

f) Task 2 B) 

Needs for the new procedures for examining 

the full-scale effects of energy saving meth-

ods, hull/propeller surface roughness are 

identified. 

Need for the revision of guideline for evalu-

ating Air Lubrication System by introducing 

the modelling of system’s parameters for air 

injection is identified. 

 

g) Task 3 A) 

Effect of roughness wave lengths have sig-

nificant effect on added resistance due to 

roughness. This effect should be included in 

the full-scale ship performance predictions. 

Non-uniformity of roughness distribution 

over wetter surface has significant effect on 

added resistance due to roughness. This ef-

fect should be included in the full-scale ship 

performance predictions. 

Roughness height should preferably be 

treated in relation to the local thickness of 

viscous sublayer since the only part of 

roughness emerged from the viscous sub-

layer contribute in the added resistance. 

 

h) Task 3 B) 

Hydrodynamic properties of macro biofoul-

ing including newly coated surfaces have 

been clarified sufficiently. However, those 

of micro biofouling, in particular, slimes 

have not been fully elucidated. Since micro 

biofouling is most frequently encountered 

roughness in both speed/power trials and op-

erations, those roughness components 

should be thoroughly addressed in the fu-

ture. 

Coating materials and ambient environmen-

tal conditions have significant influence on 

the growth of biofouling and resulting in-

crease in hydrodynamic resistance. These is-

sues should be thoroughly addressed in the 

future. 

 

i) Task 3 C) 

State of the art of the measurement of rough-

ness has reviewed. 

Comparison has made on the surface rough-

ness measurements using both contact and 

non-contact type instruments. 

 

j) Task 3 D) 

Full-scale performance deterioration due to 

roughened hull and propeller surfaces have 

studied extensively using roughness func-

tions derived from both CFD simulations 

and model experiments. However, valida-

tion of the predictions is decisively scare due 

to the non-availability of appropriate full-

scale data. 

Rigorous validations of the full-scale predic-

tions are indispensable for the development 

of practically reliable procedure for evaluat-

ing roughness effects on in-service perfor-

mance. 

 

k) Task 3 E) 

A prediction method developed in the Japa-

nese cooperative research project (OCTAR-

VIA) was reviewed. It is shown through case 

studies that the impact of roughness on pro-

pulsion performance can be assessed quanti-

tatively if roughness can be expressed as an 

increase ratio in resistance or a deterioration 

rate of propulsion efficiency. 
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l) Task 4 

The review for revision of ISO19030-2016 

conducted in 2021 resulted in a major vote 

to leave ISO 19030:2016 unchanged. Thus, 

a new edition of ISO 19030 may not be pub-

lished until 2029. 

 

m) Task 5 A) 

The committee members were invited to 

contribute to the validation of the method by 

conducting full-scale trials in shallow (and 

deep) waters. An emphasis was put on other 

parties than the developer of the method 

(MARIN), which has already provided vali-

dation within its publications. Organizing 

such dedicated systematic trials on commer-

cially operated ships has proven difficult, 

and no new results from trials were delivered 

or collected. 

 

n) Task 5 B) 

The validation result of the SNNM method 

regarding the accuracy of its predicted mean 

wave added resistances in irregular waves 

based on a database comprised of 23 ships of 

various types shows that the Pearson corre-

lation coefficient R=0.919 was achieved for 

all gathered data between the SNNM predic-

tions and the benchmark data.  

Further investigation based on binned wave 

headings shows that the SNNM method per-

forms best in head waves (R=0.972), while 

its performance may be compromised in 

beam to following waves (R=0.713). It must 

be emphasized that the treatment of the ex-

trapolation of wave added resistance QTFs 

in the very short-wave range plays an im-

portant role in the spectral analysis results. It 

is desirable to carry out further investiga-

tions concerning this issue. 

Comparison of SNNM, SPAWAVE and 

SNU methods also reveal larger discrepan-

cies in the short-wave period range. Moreo-

ver, the three methods have large discrepan-

cies in stern quartering and following waves. 

SNU and SNNM methods are comparable 

except in the short waves range, while the 

SPAWAVE method tends to overpredict and 

shows larger deviations in short waves. 

Another validation work using 8 ship types 

compared the wave added resistance QTFs 

obtained from the NMRI, SNNM-SNU 

methods and the experimental methods. The 

NMRI method shows very good agreement 

with input of more detailed hull-form data. 

This clearly implies that detailed hull form 

data is essential to improve the accuracy of 

added resistance predictions. 

 

o) Task 5 C) 

The resistance due to drift and rudder is 

small at designed speed, and influence to 

speed trial analysis is limited. On this stage, 

additional correction by the resistance due to 

drift and rudder is not needed. 

Results of model tests with quality con-

trolled carried showed that the tendency of 

added resistance in very short waves is al-

most constant. The effect of the tendency of 

added resistance in very short waves is re-

markable in irregular waves. Until sufficient 

validation would be completed, it is recom-

mended that the added resistance in short 

waves is treated as a constant value for the 

analysis of speed trial. 

The wave height effect is difficult to be in-

cluded in the conventional spectrum 

method. Considering the wave height at the 

actual speed trial, the wave height effect can 

be negligible. 

 

p) Task 5 D) 

From literature review, including Raven’s 

full report, it was concluded that the total 

propulsion efficiency is expected to remain 

relatively unaffected within the application 

range of the correction method. Raven’s 

study on different ships showed the thrust 

deduction factor t increases, but only for 

very shallow water (outside the method’s 

application range). No clear trend was found 

within the application range. The wake frac-

tion is more sensitive to shallow water ef-

fects within the application range, with (1-

w) decreasing for shallower water.  
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However, no usable approximation for all 

ship types is found yet. The changes in thrust 

deduction and wake fraction combined lead 

to a rise in hull efficiency. On the other hand, 

the propeller open water efficiency is ex-

pected to drop due to the increased re-

sistance, (and thus higher propeller loading) 

and a reduced inflow speed (due to the in-

crease of the wake fraction). This counter-

acts the rise in hull efficiency, leading to a 

small overall change in propulsive effi-

ciency ETA_D.  

Based on several test cases, it was concluded 

by Raven that assuming an unchanged pro-

pulsive efficiency ETA_D showed better 

merit. For the relative rotative efficiency no 

clear indication is found on the effect of 

shallow water. While large changes to the 

wake field may occur at very shallow water, 

the effect within the trial application range is 

expected to be minor. 

It is recommended to continue monitoring 

the research efforts in this field in the future. 

 

q) Task 5 E) 

Survey on new developments in measure-

ments of wind and propeller thrust has ex-

amined has conducted. 

 

r) Task 6 

It is considered that MARIN’s JoRes ship-

scale test cases data to be published in De-

cember 2024 are most relevant to meet this 

TOR task in collecting and processing data 

on the ship in-service performance of inter-

est to ITTC. 

Survey to ITTC member organizations re-

garding the provision of their full-scale data 

to this TOR task was conducted. 1 organiza-

tion (SVA Potsdam) has contributed full-

scale speed/power trails results for 7 ships. 

 

s) Task 7 

Accuracy of CFD for shallow water applica-

tions mainly concerning the shallow-water 

effect on self-propulsion factors is examined 

by the literature. But, due to the scarcity of 

the published works, sufficient examination 

of the issue has not been conducted.  

 

t) Task 8 A) 

Based on the outcome from Task 5 C). It is 

decided that there is no need to update the 

procedure in this regard. 

 

u) Task 8 B) 

The Wind averaging method increases the 

uncertainty of ship’s performance estima-

tion in wind changing condition. Therefore, 

to directly derive wind speed and direction 

from each run, the utilize of Lidar or CFD 

pre-checking method to find proper ane-

mometer positions could be used. 
 

v) Task 9 

The situation of ISO/TC 8/SC 6/WG 17 for 

revising ISO15016 has carefully followed, 

and some members have participated as ex-

perts in the WG so that ISO15016 can be up-

dated in compliance with 7.5-04-01-01.1. 

However, 1st DIS voting of the ISO15016 

revision conducted from 25 September to 18 

December 2023 resulted in the disapproval 

od 1st DIS. 

Regarding the future schedule of the revi-

sion, it was reported that the TC 8/SC 6 

Chairperson will choose from three options 

(2ndDIS, 2ndCD or Cancel) based on the 

discussions in the TC by March 12th and the 

Project Leader has to submit necessary ma-

terials to contribute to the TC 8/SC 6 Chair-

persons ahead of the deadline of the revi-

sion. 

 

w) Task 10 

AC Working Group in principally responsi-

ble for this task and preparing the update. It 

is requested by AC that, after receiving pro-

posal on the update from AC Working 

Group, FSSPC should prepare a new guide-

line on parameters for full-scale power pre-

dictions. But their work could not be con-

ducted since AC Working Group has not 

provided their proposal to FSSPC. After 
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that, AC Working Group submitted the pro-

posal of a new guideline independently to 

AC without the support of this committee 
due to the change of AC’ policy. 

 

x) Task 11 

The guideline on CFD-based wind coeffi-

cient has revised according to the new pro-

cedure for non-dimensioning.   

 

y) Task 12 

Literature survey on the relevant techniques 

for ship energy saving has conducted. 

A complementary metric to EEDI to repre-

sent power savings by Air Lubrication Sys-

tem (ALS) has examined, and issues for the 

future revision have clarified. 

 

z) Task 13 

Literature survey on full-scale data on the ef-

fect of energy saving methods (ESM) has 

conducted.  

Data on the energy saving effects for a vari-

ety of ESMs have collected. 

 

aa) Task 14 C) 

State of the art of the procedures of experi-

ments and simulations to evaluate perfor-

mance of smart ship and unmanned surface 

vehicles has reviewed through literature sur-

vey. 

19.2 Recommendations to the Full Confer-

ence 

a) Adopt the revised Procedure 7.5-04-01-01: 

Preparation, Conduct and Analysis of 

Speed/Power Trials (2024) 

b) Adopt the revised Guideline on the CFD-

based Determination of Wind Resistance 

Coefficients (2024) 

19.3 Recommendations for future work  

1. To continue further works on update 

guideline for correlation factors 

2. To employ outcomes from the JORES 

projects as benchmark data for study of full-

scale performance 

3. To focus on short waves issue and fur-

ther investigation of QTF extrapolation method 

in short waves for the evaluation of added re-

sistance 

4. To conduct sensitivity study on influence 

of discrepancies in evaluation of added re-

sistance on final corrections to the sea trials; 

study how it affects final speed-power curves 

5. To carry out the comparison of validated 

methods on the larger set of ship types by using 

real ship parameters; It may be addressed to or-

ganisations not only performing model tests. 

6. To consider possibility to make selection 

among the methods for wave correction in 

speed/power trials depending on the availability 

ship form data 

7. To investigate cases when wind is side-

ways in head/following waves to find the neces-

sity of correcting the issue of ship running with 

stable drift angles 

8. To monitor and explore further measure-

ment techniques applicable in speed/power trials 

and in-service monitoring: Lidar wind, thrust 

and wave spectra. 

9. To conduct a validation of CFD based 

full-scale performance prediction method using 

full scale data  

10. To perform CFD calculations for various 

ship types to determine the optimum anemome-

ter position in speed/power trials. 

11. To preform comparative study of influ-

ence of directional energy spreading on the 

wave correction in speed/power trials 

12. To update database of wind resistance 

coefficients and validate them by using the new 

method included in the guideline on the use of 
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CFD-based determination of wind resistance co-

efficient 

13. To collect the full-scale data to evaluate 

the frictional resistance reduction by air lubrica-

tion system and validate correlation of actual re-

duction rate (ADR) and estimated reduction rate 

(EDR) to predict performance at full loading 

conditions 

14. To evaluate the correlation line between 

the model scale and full scale friction resistance 

with working ALS by the CFD methods 

15. To evaluate the model test procedure for 

flat plates (instead of method proposed in the 

guideline) at different Reynold numbers to find 

the correct α value extrapolation; standardize the 

injection pressure and flow rate scaling ap-

proach 

16. To extend the sea trials procedure to in-

clude new metrics such as ADR and EDR, along 

with the methodology of measurements 

17. To develop a guideline to conduct full 

scale performance evaluations for energy saving 

methods (ESM) 

18. To continue monitoring the performance 

of energy saving devices (ESD) to collect more 

data to reduce the influence of weather condi-

tions on their performances 

19. To establish new committee for bio-foul-

ing related roughness issues to cope with the 

fundamental issues elucidated by the committee. 

20. To continue monitoring effect of rough-

ness and analyse method for evaluating ship per-

formance in service 

21. To investigate the drift angle considera-

tion in added wave resistance correction. And to 

develop definition of speed component in head-

ing. Update procedure if necessary. 

22. To develop formal definition of steady 

state ship’s condition in speed power trials. Up-

date procedure if necessary. 
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