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1. Introduction

In recent years, interest in fossil energy depletion and global warming has increased.
The International Maritime Organization (IMO) has applied the Energy Efficiency Design
Index (EEDI) to ships built after 2013. However, as the EEDI does not effectively assess
realistic improvement measures to enhance the ship operating energy efficiency, the En-
ergy Efficiency eXisting ship Index (EEXI) will be implemented in 2023 [1]. The EEXI
indicates the energy efficiency of ships during the operational phase [2]. Energy-saving
devices (ESDs) effectively satisfy the EEXI requirements as they can be easily applied to
existing ships.

Several solutions, such as fuel change, renewable energy use, and change in the
principal dimensions of a ship, can help reduce the EEDI and EEXI. ESDs can effectively
help decrease the EEDI and EEXI because energy saving is simultaneously achieved without
significantly changing ship dimensions or incurring additional costs.

Although energy saving is important, addressing liabilities, such as mechanical failure
and cavitation problems (noise, fluctuating force, erosion, and others), is also important,
considering the long lifespan of ships. The current Special Issue, comprising eight papers,
deals with the aforementioned problems.

2. Remarks on the Special Issue

The current Special Issue includes eight valuable papers that demonstrate recent
activities on energy-saving technology with regard to the propulsor, rudder, hull form, and
cavity. The twisted rudder [3,4] has been widely used to improve propulsion efficiency and
prevent cavity risk. To improve performance and address the side effect of cavity formation,
a new type of twisted rudder has been proposed. In recent times, post-devices have been
widely studied because the performance improvement of pre-devices, such as the pre-swirl
stator and duct, is almost saturated. Moreover, the combination of pre- and post-devices
has been studied to maximize performance [5,6]. The post-device of an efficient rudder
has been emphasized in the current AS Special issue, where two papers deal with the
unconventional twisted rudder [3,4]. Furthermore, reliability based on increasing rudder
force and attenuating cavity problems is important, although the energy-saving issue is
one of the top priorities. Shin et al. (2021) proposed a new type of wavy rudder that may
ensure reliability and efficiency.

The two papers [7,8] that studied hull form optimization deal with a recent advanced
hull form optimization technology. Although hull form optimization is almost saturated,
there is scope for improvement, which seems to be fundamentally important and cost
effective.

Although the cavitation issue is not directly related to energy saving, it is closely re-
lated to the energy saving caused by decreasing skin friction or tip vortex. Two papers [9,10]
in the Special Issue relate to the aforementioned cases. Super-cavitation has been applied to
torpedoes for decreasing hull friction. Kim et al. [9] conducted a parametric study with ex-
periments on the optimum super-cavitator, aiming for the efficient and stable performance
of torpedoes. Another paper deals with the wing tip vortex and its cavitation, which is an

Appl. Sci. 2022, 12, 4445. https://doi.org/10.3390/app12094445 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app12094445
https://doi.org/10.3390/app12094445
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://doi.org/10.3390/app12094445
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app12094445?type=check_update&version=1


Appl. Sci. 2022, 12, 4445 2 of 2

important phenomenon for cavity inception and energy loss. Numerical investigation has
been conducted to determine the scaling of cavity inception.

As the number of issues regarding energy saving is increasing, the reliability of full-
scale extrapolation from the model test becomes an important subject. Although numerical
simulation for full-scale performance has improved, full-scale validation is still essential
for accurate prediction. In addition, full-scale measurement [11] is considered important
to address the EEXI issue. Information regarding the measurement technique seems
practically useful as feedback for the actual design. In particular, information regarding
thrust measurement is valuable because thrust is rarely measured during a sea trial.

In the final study (the last paper), the Coanda effect was successfully applied to the
propeller to significantly improve efficiency (+8.7%) [12]. Multi-design point ships, e.g.,
naval vessels, would be a proper target for application.

3. Prospect of ESDs

Regarding the future of ESDs, two important issues require consideration: full-scale
numerical simulation with high accuracy and the application of a composite material
(mostly flexible material). Full-scale simulation with high accuracy (more accurate than
that conducted during a sea trial) is urgently required due to extrapolation difficulties
of the model test results. The composite material would significantly help save energy
and solve the cavitation problem with regard to inception. Such topics are expected to be
discussed in a future Special Issue on ESDs.

Funding: This research received no external funding.

Acknowledgments: Many thanks to all the authors and the reviewers who have helped to success-
fully complete the present Special Issue. Their valuable contributions are highly appreciated.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. IMO MEPC 76, International Maritime Organization (IMO) Adopts Key Mandatory Measures to Reduce Ships’ Carbon Intensity.

Establishes Ship Rating System. 17 June 2021. Available online: https://www.imo.org/en/MediaCentre/PressBriefings/pages/
MEPC76.aspx (accessed on 5 April 2022).

2. Perera, L.P.; Ventikos, N.P.; Rolfsen, S.; Oster, A. Advanced data analytics towards energy efficient and emission reduction retrofit
technology integration in shipping. In Proceedings of the 31st International Ocean and Polar Engineering Conference, Rhodes,
Greece, 20–25 June 2021.

3. Shin, Y.J.; Kim, M.C.; Kang, J.G.; Kim, J.W. Performance improvement in a wavy twisted rudder by alignment of the wave peak.
Appl. Sci. 2021, 11, 9634. [CrossRef]

4. Park, I.; Paik, B.; Ahn, J.; Kim, J. The prediction of the performance of a twisted rudder. Appl. Sci. 2021, 11, 7098. [CrossRef]
5. Lee, J.H.; Kim, M.C.; Shin, Y.J.; Kang, J.G. Study on performance of combined energy saving devices for container ship by

experiments. In Proceedings of the Fifth International Symposium on Marine Propulsion, Espoo, Finland, 12–15 June 2017.
6. Su, Y.; Lin, J.; Zhao, D.; Guo, C.; Guo, H. Influence of a pre-swirl stator and rudder bulb system on the propulsion performance of

a large-scale ship model. Ocean. Eng. 2020, 218, 108189. [CrossRef]
7. Park, S.W.; Kim, S.H.; Kim, Y.I.; Lee, I.W. Hull form optimization study based on multiple parametric modification curves and

free surface Reynolds-Averages Navier-Stokes (RANS) solver. Appl. Sci. 2022, 12, 2428. [CrossRef]
8. Yu, J.W.; Lee, M.K.; Kim, Y.I.; Suh, S.B.; Lee, I.W. An optimization study on the hull form and stern appendage for improving

resistance performance of a coastal fishing vessel. Appl. Sci. 2021, 11, 6124. [CrossRef]
9. Kim, M.J.; Kim, S.H.; Lee, K.C.; Paik, B.G.; Kim, M.C. Cavitator design for straight-running supercavitating torpedoes. Appl. Sci.

2021, 11, 6247. [CrossRef]
10. Park, I.; Kim, J.; Paik, B.; Seol, H. Numerical study on tip vortex cavitation inception on a foil. Appl. Sci. 2021, 11, 7332. [CrossRef]
11. Oh, S.M.; Lee, D.H.; Kim, H.J.; Ahn, B.K. Full-scale measurements of the propeller thrust during speed trials using electrical and

optical sensors. Appl. Sci. 2021, 11, 8197. [CrossRef]
12. Lee, J.H.; Paik, K.J.; Lee, S.H.; Kim, G.H.; Cho, J.H. Experimental and numerical study on the performance change of a simple

propeller shape using the Coanda Effect. Appl. Sci. 2021, 11, 4112. [CrossRef]

https://www.imo.org/en/MediaCentre/PressBriefings/pages/MEPC76.aspx
https://www.imo.org/en/MediaCentre/PressBriefings/pages/MEPC76.aspx
http://doi.org/10.3390/app11209634
http://doi.org/10.3390/app11157098
http://doi.org/10.1016/j.oceaneng.2020.108189
http://doi.org/10.3390/app12052428
http://doi.org/10.3390/app11136124
http://doi.org/10.3390/app11146247
http://doi.org/10.3390/app11167332
http://doi.org/10.3390/app11178197
http://doi.org/10.3390/app11094112

	Introduction 
	Remarks on the Special Issue 
	Prospect of ESDs 
	References

