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Abstract: An attractive way to increase the propeller efficiency is by means of Energy 
Saving Devices (ESDs). Given the improved accuracy of the hydrodynamic numerical 
models, ESDs have started to develop rapidly. There are many types of ESDs which differ 
in shape and position on the ship, but the goal of any kind of such device is to reduce the 
amount of kinetic energy losses around the ship propeller. This paper presents state-of-
the-art in the field of ESDs. Overview of ESDs is given with the discussion addressing 
their effectiveness, classification, hydrodynamic design, and structural integrity.

1. INTRODUCTION
The recent changes in the regulations concerning ship efficiency are expected to sig-
nificantly affect the shipping fleet. Newly built vessels have already been under the 
restrictions by the Energy Efficiency Design Index (EEDI) introduced in [1], but the new 
rules include the existing shipping sector through the Energy Efficiency eXisting ship 
Index (EEXI), [2]. The shipowners have a number of choices for improvement of ship 
efficiency and compliance with the new rules. One of the promising ways to decrease the 
ship GHGs emissions is by installing the Energy Saving Devices (ESDs). In general, all 
ESDs attempt to reduce the energy losses inevitably present in the propeller slipstream. 
According to [3], transversal losses hold a much larger portion of energy and are much 
more viable to exploit.

2. CLASSIFICATION AND HYDRODYNAMIC DESIGN
The ESDs are divided into three main categories on Zone I, II and III depending on their 
reference to the propeller plane. Zone I devices alter the incoming wake velocities to 
enable a propeller higher efficiency operation. Duct and pre-swirl devices are most often 
studied in this group. Zone II includes the non-standard propeller designs such as con-
tracted loaded tip propeller. Zone III devices usually utilize the propeller post-swirl such 
as propeller boss cap fin.
The design of ESDs has significantly improved thanks to the developments in the Com-
putational Fluid Dynamics (CFD) which enabled a highly accurate estimation of flow 
parameters with the inclusion of viscosity and turbulence. In the overall design, first a 
broad potential or hybrid analysis is established followed by the CFD estimation of most 
promising cases. Although model basin measurements are still used to verify the CFD 
results concerning ESDs [4], the scaling issues are shown to be an important factor due 
to significantly different wake profile at ship model or full-scale flows. It is important to 
note that the benefits are usually in the range of 1-5% which is promising for the long-
term fuel efficiency perspective.
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3. STRUCTURAL INTEGRITY
Unconventional loads and structural arrangements necessary for the installation of ESDs 
often lead to unexpected stress peaks and high dynamic loads since long and slender 
ESDs are known to suffer from structural issues. This leads to the development of the 
new methods for the accurate design of ESDs. The authors developed a direct approach in 
the case of the Pre-Swirl Stator considering the propeller and wave loads as well as influ-
ence of the propeller in waves which was found to be negligible [5]. For the proper esti-
mation of loads hydro-structural coupling is necessary which leads to the considerable 
computational cost. On the other hand, it is important to mention that the classification 
rules and guidelines still lack a straightforward evaluation of the ESD structural design 
which reduces the long-term reliability of these devices.

4. CONCLUSION
This article featured a brief overview of the classification, hydrodynamic design, and 
structural evaluation of ESDs. With the restriction increase in gas emissions, both hydro-
dynamic and structural designs are expected to mature in the near future with respect to 
general methodology and geometrical shape.
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