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Project summery

Traditionally, most ship hulls are optimized for ideal conditions, where the ships are sailing in
calm water with full speed in full load. In the last decade, some ships have been designed for
a range of draughts and speeds in calm water. However, there is still a large gap between the
ideal conditions the ships are designed for and conditions (waves, wind, currents, hull roughness
ets.) the ships will operate in. The target for the PhD project is to develop accurate numerical
models that can help ship designers narrow a part of this gap.

The PhD project supported by The Danish Maritime Fund under grant 2018-011 resulted
in three papers. The first papers compares the speed/power performance of full-scale CFD
simulations, towing tank predictions, and high quality speed trial measurements from six sister
vessels. Much research have been conducted comparing model-scale CFD with towing tank
results. However, very few studies have compared full-scale CFD with speed trial measurements.
The study includes both a ro-ro vessel and a general cargo vessel. The present study finds that
including the hull and propeller roughness directly into the CFD simulations by modifying the
wall-functions provides more accurate results than the traditional approach of estimating the
effect of roughness using an empirical formula.

Today, most ships are designed for sailing in calm water. However, very few ships sail
entirely in calm water. Before numerical simulations can be used to predict added resistance in
waves and seakeeping responses, a systematic verification and validation is required to ensure
the accuracy. The second paper presents such a systematic verification and validation for the
KCS container ship in oblique waves. Five wave headings and six wavelengths are studied. The
estimated spatial and temporal discretization errors are found by an extensive verification study
to be less than 5 %. Results from the verified CFD model are compared with existing potential
flow and CFD results from the literature, as well as up to three experimental data sets. The
comparison shows that the present CFD results in general show significantly better agreement
with the experiments than previously published CFD results.

This CFD set-up is used in the third paper to study how sailing in oblique regular waves
influences the nominal wake field of the KCS ship. Five different headings are studied and the
waves have a steepness of 1/60 and a wave length equal to the ship length. The present study
finds that the studied incident waves make the nominal wake field highly transient. Especially
the transient bilge vortex and shadow from the skeg have a significant influence on the nominal
wake field. The results show that the nominal wake fraction fluctuates up to 39 % of the mean
nominal wake fraction for the studied waves. It is found that the stern quartering sea waves
has the maximum mean nominal wake fraction, with a 16 % higher mean nominal wake fraction
than in calm water. Finally the study finds that the modified advance angle on the /R = 0.7
circle in the propeller plane varies 3.5 degrees more in stern quartering than in calm water. This
increases the risk of cavitation leading to potential vibrations and loss of propulsive efficiency.

The three papers show that CFD simulations can deliver highly accuracy results, when
the CFD simulations are set-up very carefully and systematic verification and validation are
conducted. The results from the three papers shows that numerical simulations have a massive
potential as useful tools when designing ships for the conditions, the ship will operate in.
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Dissemination activities

Thesis

The results from the project supported by The Danish Maritime Fund under grant 2018-011
are presented in the PhD Thesis: H. Mikkelsen, Numerical study of ship performance in calm
water and in waves, PhD Thesis, Technical University of Denmark, December, 2021.

Papers

The PhD project has resulted in the following three papers:

Paper 1: Mikkelsen, H. and Walther, J. H. (2020) Effect of roughness in full-scale validation
of a CFD model of self-propelled ships. Appl. Ocean Research 99, 1-14.

Abstract: This paper presents a comparison of full-scale computational fluid dynamics
(CFD) simulations with speed trial measurements for a ro-ro vessel and a general cargo ves-
sel. Significant work has been done on validating CFD simulation in model scale. However,
in full-scale very few publicly available studies have been conducted due to limited access of
validation data. The present study includes extensive validation and verification of both resis-
tance, propeller open-water and self-propulsion simulations in both model and full-scale. The
self-propulsion simulations include modelling of the free surface and rotation of the 3D propeller.
Full-scale resistance and propeller open-water as well as model scale self-propulsion simulations
show good agreement with towing tank measurements and predictions. However, the full-scale
self-propulsion simulations using the traditional approach of including the roughness as a point
force estimated by an empirical formula significantly underestimate the power from the speed
trial measurements. By including the effect of hull and propeller roughness directly into the
CFD model, by modifying the wall functions, the discrepancy between CFD and speed trial
measurements decreases significantly. This indicates that inclusion of a roughness model di-
rectly into the CFD simulation could be a more accurate method than the traditional approach
of using empirical formulas originally designed for towing tank extrapolation.

Link to DTU Orbit: https://orbit.dtu.dk/en/publications/effect-of-roughne
ss—in-full-scale-validation-of-a-cfd-model-of-se

Paper 2: Mikkelsen, H., Shao,Y. and Walther, J. H. (2021) CFD verification and validation
of added resistance and seakeeping response in regular oblique waves with varying wave length.
MARINE 2021 Computational Methods in Marine Engineering IX, page number 1-24.
Abstract: The importance of CFD is increasing in marine hydrodynamics in studying
seakeeping and added resistance of ships. While extensive numerical studies have been reported
for various ships in head seas in the literature, much fewer CFD studies are found for oblique
waves, which in practice is very important in, for instance, estimating required power and
manoeuvrability of ships in realistic sea states. In this paper, the added resistance and motion
responses for the KCS container ship in regular waves are studied and validated systematically
for five wave headings and six wavelengths using CFD. The ship is free to heave, pitch, and roll.
User-defined implementations in the commercial CFD code are made to effectively constrain


https://orbit.dtu.dk/en/publications/effect-of-roughness-in-full-scale-validation-of-a-cfd-model-of-se
https://orbit.dtu.dk/en/publications/effect-of-roughness-in-full-scale-validation-of-a-cfd-model-of-se
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the surge and yaw. Extensive verification of the CFD model finds the estimated spatial and
temporal discretization errors to be less than 5%. Results of the verified CFD model are
compared with up to three sets of experimental data sets, Potential Flow (PF) and existing
CFD results from the literature. In general, the present CFD results show significantly better
agreement with the experiments than previously published CFD results. The present study
shows that CFD simulations accurately can predict motion responses and added resistance in
oblique regular waves. However, further experiments with smaller uncertainties in following and
stern quartering sea are required, to better support future validations of CFD simulations.
Link to DTU Orbit: https://orbit.dtu.dk/en/publications/cfd-verification-a
nd-validation-of-added-resistance-and-seakeepin

Paper 3: Mikkelsen, H., Shao,Y. and Walther, J. H. (2022) Numerical study of nominal wake
fields of a container ship in oblique regular waves. Appl. Ocean Research 119, 1-15.

Abstract: Accurate estimation of the actual nominal wake behind the ship in waves is
important for propeller designers when improving efficiency and minimizing cavitation. The
present CFD study investigates the nominal wake fields of the Kriso Container Ship (KCS) in
regular waves with wavelength equal to the ship length in five different headings. The ship is
sailing at design speed and the wave steepness is 1/60. The results show that when sailing in
the studied waves, the nominal wake fraction fluctuate up to 39 % of the mean nominal wake
fraction. The mean nominal wake fraction is higher than in calm water for all headings besides
head sea waves. The maximum mean nominal wake fraction is found to occur in stern quartering
sea waves, with a 16 % higher mean nominal wake fraction than in calm water. It is also found
that the transient bilge vortex and shadow from the skeg have a significant influence on the
nominal wake field. Finally the study shows that the modified advance angle on the r/R = 0.7
circle in the propeller plane varies 3.5 degrees more in port stern quartering than in calm water,
increasing the risk of cavitation.

Link to DTU Orbit: https://orbit.dtu.dk/en/publications/numerical-study-o
f-nominal-wake-fields-of-a-container-ship-in-obl

Conferences and additional publications

The results obtained during the Ph.D. project were presented at a number of national and inter-
national conferences and resulted in the following conference contributions. An oral presentation
was given by the H. Mikkelsen.

e Mikkelsen, H. and Walther, J. H. (November 2019) Effect of surface roughness on numeri-
cal modeling of a full-scale self-propelled ship. The 72nd Annual Meeting of the American
Physical Society’s Division of Fluid Dynamics. Seattle, USA.

e Mikkelsen, H. and Walther, J. H. (November 2020) Prediction of Full Scale Ship Perfor-
mance Using Computational Fluid Dynamics and Model Tank Tests. The Danish Society
for Industrial Fluid Dynamics Research seminar 2020. Copenhagen, Denmark.

e Mikkelsen, H., Shao, Y. and Walther, J. H. (November 2020) CFD verification and vali-
dation of added resistance in oblique waves. The 73nd Annual Meeting of the American
Physical Society’s Division of Fluid Dynamics. Chicago, USA.

e Mikkelsen, H., Shao, Y. and Walther, J. H. (June 2021) CFD verification and validation
of added resistance and seakeeping response in regular oblique waves with varying wave
length. MARINE 2021 Computational Methods in Marine Engineering IX. Edinburgh,
UK.


https://orbit.dtu.dk/en/publications/cfd-verification-and-validation-of-added-resistance-and-seakeepin
https://orbit.dtu.dk/en/publications/cfd-verification-and-validation-of-added-resistance-and-seakeepin
https://orbit.dtu.dk/en/publications/numerical-study-of-nominal-wake-fields-of-a-container-ship-in-obl
https://orbit.dtu.dk/en/publications/numerical-study-of-nominal-wake-fields-of-a-container-ship-in-obl
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Conclusion

This final report has summarized the highlights of Henrik Mikkelsen’s PhD project over the
period 01/07/2018 - 03/12/2021, financed by the Danish Maritime Fund, which support is
highly appreciated.

The work presented in the thesis showed that high accuracy could be achieved, when the
CFD simulations were set-up very carefully and systematic verification and validation were
conducted. The results from the three papers showed that numerical simulations have a massive
potential as useful tools when designing ships for the conditions, the ship will operate in.

Future work

Inclusion of full-scale effects, surface roughness, and waves only narrows a part of the gap
between the conditions ships are designed for and the conditions the ships will operate in.
For future full-scale validation studies, it is recommended to measure the hull and propeller
roughness of the ship at different locations right before the speed trial. Furthermore, it would
be ideal if all data of the future full-scale validation study including geometries and speed trial
data would be publicly available. In this way, multiple codes and approached could be tested
and validated. For future studies related to the wave simulations, it is proposed to vary the
wave steepness, wave length, and consider other ship geometries. Furthermore, irregular waves
could be study. Finally, a next natural extension of the study, is to include propeller either
using a propeller model or include the fully discretized propeller.
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