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OPERATIONAL METHODS USED FOR IMPROVEMENT
OF ENERGY EFFICIENCY OF A SHIP

Mihail-Viad VASILESCU, A.I Epikhin

In this article there are covered several operational methods for improving energy efficiency of a ship using
using the Fluid Flow Modeling (CFD) program, Ansys Fluent. The maritime transport sector is under consid-
erable pressureto increase energy efficiency. While €O, emissions are decreasing in many other sectors, mar-
itime transport emissions are expected to be increased in the future. Shipping Industry currently accounts for
about 3% of global CO, emissions. As aresult of increased transportation, and in combination with difficulties
in implementing effective energy efficiency measures, its share is expected to grow. Fuel efficiency is linked
to air emissions, measures and policies that successfully mmprove energy efficiency. Various researches have
been carried outin the field of alternative power sources and into technical, operational and structural energy
saving measures for shipping industry . In order to reduce fuel consumption and to increase energy efficiency
we should take care about the position of the bow thruster, the location of thefins, thebilge keels, the form of
the central skeg, the sea chest openings dimensions, the seemingly of the propellers, the rudders form, the hull
openings position, the zinc anodes & lifting ey es position, the hull surface condition. The evaluated savings in
resistance correspond to savings of the fuel that is consumed by the propulsion. Speed range of 18kn to21kn
is considered for the improvement percentages.

Keywords: energy efficiency, shipping industry, measures
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Paznen 2 Cyoosveie snepeemuneckue yCMaHoeKu, CUCTNEMbL U YCTHPOHCTNGA

TPaHCIIOpTa HAXOAWTICS TI0JT 3HAYMTEIHHBIM JIaBICHHEM B IUIaHE IOBBINEHMS sHeprosddexkmpHocTH. B TO
Bpems Kak BBIOpockl CO, CHUDKAIOTCS BO MHOTHX JAPYTHX CEKTOPAX, OKUIAETCs, YTO BBIOPOCHI MOPCKOTO
TpaHcriopTa B Oy AyImeM yBenruarcs. B HacTosiImiee BpeMs Ha Cy JIOXO/THY IO OTpaciib IIPUXOJUTICS OKolo 3%
rnoSanbHBIX BEIOpocoB CO,. OxuuaeTcs, YTo B pe3yJIbTale Y BEIUYEHUA TPAHCIIOPTA KB COYETaHUU C TPY
HOCTSMHU B peammsaniy 3QQGEKTUBHBPIX Mep 10 IOBBITICHHIO SHEprosddekTuBHOCTH €ro o Oy JeT pacTy.
O dEKTUBHOCTL TOINIMBOUCIIONE30BaHUS CBSI3aHA ¢ BRIOpocaMu B arMocdepy, MepamMu U HOIUTUKON Cy J10-
BIIaJIENTbI, KOTOPHIE Y CLIENTHO TIOBBITIAIOT SHEPTO3)PEKTUBHOCTD. BRUTH 1P OBE/IEHBI Pa3INHbIe HUCCIIEI0Ba-
HISI B OOJIaCTH aIbTEPHATUBHBIX UCTOUYHUKOB SHEPTHH U TEXHHYECKMX, SKCIUTY aTalliOHHBIX U CTPYKTY PHBIX
Mep 110 3HepTrocOepesKeHHIO I Cy JIOX0IcTBa. J[Is CHIDKEHHMSL pacxo/ia TOIIMBA U IOBBITICHUS SHEpTonddek-
TUBHOCTH CJIEJLy €T I103a00TUTHCS O TIOTOKEHIH HOCOBOT'0 TI0/IPY TUBAIOIIET0 Y CTPOICTBA, PACTIONOKEHUN KU
JIei, Ky TOBBIX Kuiel, GopMeIIeHTPaTbHOTO CKera, pasMepax OTBEPCTHi B KHHICTOHHBIX SITIUKAaX, TeOMeTPHU
rpeCHBIX BUHTOB, Gop MBI py Jeit, IOTI0KEHHH P OEMOB B KOPILY c€, IOJI0KEHUH IMHKOBBIX aHOJOB U II0IbEM-
HPBIX IPOY INIHMH, COCTOSHUM TIOBEPXHOCTU KopIry ca. OTieHeHHasT SKOHOMUSL COIPOTHBIICHHUS JIBIKEHHIO COOT-
BEICTBY €T 3KOHOMUH TOIUIMBA, IOTPEOISIeMOro JBIKATeNeM. J[HanazoH ckopocreid oT 18 y31moB jio 21 y3ima

CHHUTACTCA ITD OLICHTOM V JIV YITICHMA .

Kinouesble citoBa: sHeprosGHEKTUBHOCTD, CY IOXO/JCTBO, MEP OTIPUSITHSL.

1. Introduction

In order to improve energy efficiency and to
reduce €0, emissions Intemnational Maritime Organ-
zation (IMO), has added a new chapterto MARPOL
Annex VI onthe prevention of €O, emissions, which
entered into force on 1 January 2013.  An energy ef-
ficiency design index (EEDI) value, which is related
to the mass of €0, emissions per transport work to
the ship size, must be produced for all new ships [1].

2. Formulation of the problem

Nowadays maritime transportation sector de-
velops environmental pollution issues [2]. In order to
reduce pollution we nmust reduce fossil fuels con-
sumption. For this reason there have been developed
several ways for improving energy efficiency. In this
article the reader will discoversome interesting meth-
ods and problems which should be taken in consider-
ation, in the moment when we design and build a new
ship.

3. Measures for improving energy effi-
ciency

In order to reduce of fuel consumption, a big
number of measures can be implemented to improve
energy efficiency in shipping industry:

» Improvement of the position of the bow

thruster;
Location of the fins;
Bilge keels position;
The form of the central skeg;
The sea chest openings dimensions;
Seemingly the propellers;
Rudders form;

YV YVVVVY

Hull openings position

» Zinc anodes & lifting eyes position;
» Hull surface condition.

3.1 Improvement of the position of the bow
thruster

In Figure 1 we can see a ship which is
equipped with an anti-suction tunnel (AST) in be-
tween the bow tunnels. In this position the AST is not
very effective and could be removed. The correct lo-
cation for the AST would be aft of the bow thruster
tunnels.

The Bow thrusters are aligned on the same
stream line and not on the same horizontal plane,
which is the optimal arrangement. No grids or scallop
fairings are applied on the bow thruster openings. In
the Figure 2 you can see the CFD-simulation of the
original arrangement of the typical influence of grids
and AST on the local velocity field around the bow
thrusters.

Grids could be installed on the bow thruster
openings.

CFD-sinulations have shown significant re-
duction in resistance by applying grids and by remov-
ing the AST. The local flow field inside the thruster
tunnels is illustrated in Figure 2, where by application
of the grids, a reduction in flow velocities inside the
tunnels can be observed Figure 3.

The potential reduction in resistance by adding
the grids and by removing the AST is in the range of
1-3% throughout the speed range. On the other hand,
the grids would reduce the side force of the bow
thrusters by about 5%, which needs to be considered
as well.
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Figure 2 — Typical influence of grids and AST on the local velocity field around the bow thrusters- original arrangement

Figure 3: Typical influence of grids and AST on the local velocity field around the bow thrusters with the added grids and
AST removed

3.2 Fin Stabilizers

We can studied the case for a ship equipped
with fin stabilizers with backwards opening type lo-
cated on aft of the largest frame [3]. When the fins are
extracted, the arrangement is good from the fuel econ-
omy point of view. But when the fins are folded in,
forward opening type of fins would be better from the
fuel economy point of view.
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The location of the fins aft of the largest frame
is quite good from the fuel economy point of view, as
opposed to being located forward of the largest frame
(Figure 4). In this way the stabilizer recesses are more
sheltered from the main flow around the hull The
opening in shell is quite large.
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Figure 4 — Portside fin stabilizer recess

Adding a scallop fairing behind the fin stabi-
lizer recesses could reduce resistance. The potential
mprovement in resistance could be in the range of
0.5-3%, and is dependent on speed, the individual hull
shape and the geometry of the fin recesses. Estimation
on improvement at 18 kn is around 1-3% while at 21

kn the improvement is estimated to be 0.5-1% Reduc-
tion in resistance can be determined by CFD-simula-
tions. Figure 5 presents an optimized scallop fairing
from a previous project and how it impacts the water
flow over the recess.

Figure 5 — Typical optimized scallop fairing behind the stabilizer recess and the influence of the scallop on the velocity
distribution and local stream lines

As can be seen, the original opening works as
a “water collecting bag” and the scallop fairing re-
duces this phenomenon clearly (less water flows into
the recess). At higher speeds the water flows better
overthe recess and therefore the influence of the scal-
lop reduces at higher speeds.

3.3 Bilge Keels

The study was made for a ship with the bilge
keels with are quite long with a fairly high profile
height (Figure 6). The alignment of the bilge keels

seems to be along a streamline, though the actual
loading condition (trim) and speed of the ship does
affect the additional resistance due to bilge keels.
Reducing the length ofthe bilge keels could be
considered, as bilge keels are dampening the roll mo-
tion by about 10% only, whereas the fin stabilizers are
dampening about 80% for comparison. In practice the
bilge keels are only effective when standing still at
sea — at anchor. The size of bilge keels may also be
affected by stability criterion (IMO WEATHER),
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which has to be taken into consideration before short-
ening.

The placement of zinc anodes along the bilge
keels could be changed so that the anodes attach to

the shell plating, rather than to the bilge keel itself.
This way the anodes would be less exposed to the
flow around the hull.

.

Figure 6 Portside bilge keel

3.4 Central Skeg
We consider a ship where the thickness of the
central skeg is quite large and the trailing edge fairing
on the skeg is rather short (Figure 7). However the
trailing edge of the skeg is sharp, which is good from
the resistance point of view.

A CFD-sinulation on the effect of modifying
the trailing edge shape of the central skeg could be
performed, and the resulting improvement could be
determined. The required steelwork on the skeg mod-
ification could be quite extensive.

15

Figure 7 — Central skeg

3.5 Sea Chests

We considera ship with small sea chest open-
ings. Figure 8 presents a sea chest on the starboard
side aft ship.

On the figure the grids for the sea chest were
notin place. In Figure 9is illustrated a seachest grid.

The grids on the sea chest should be installed
in a way thatno step is formed in the transition be-
tween shell plating surface and the grid surface. It is
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quite typical that the sea chest hatches are aligned a
few cm inside the hull surface, which is not good from
the fuel economy point of view.

3.6 Propellers

In Figure 10 you can see the seemingly the
propellers with look quite modern. There is however

some cavitation damage on the pressure side of the
blades.
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Figure 8 — Sea chest on the starboard side aft ship

Figure 9 — Sea chest grid

Figure 10 — Propeller blade. A streak of cavitation damage can be observed on the pressure side
(near the lower edge in the photo)

The cavitation damage on the pressure side of
the blades could be because of running in an off-de-
sign condition (lower than normal pitch or reverse)
with high power. It could also be due to a design flaw

in theblades or a mismatch in ship resistance vs. pro-
peller design.

The blades are of staimnless steel, which re-
quires less polishing to remain in good condition. In
case of bronze blades, regular polishing is important
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or otherwise about 1% per year will be lost due to
fouled propellers. The blades were not yet cleaned at
the time of inspection, so minor fouling on the surface
could be seen. Also the cavitation damage should be
repaired as it will decrease the efficiency of the pro-
pellers.

3.7 Rudders

As can be seen from Figure 11 we consider a
ship with has the gap between the rudder and head
box minimal, which is good. The shape of the head

Jd !

box could be improved on, as it is quite blunt. Also
the alignment of the head box with the flow could be
checked.

Improvement due to modified head boxes is
estimated at 0.5-1% throughout the speed range. Im-
provement due to this modification can be studied
with CFD-simulations. Additionally an extension to
the head boxes would improve on course stability, but

could have a minor negative effect on harbour
manoeuvring.

Figure 11 — Portside rudder and head box

3.8 Hull Openings

As can be seen from the Figure 12 we have
chosen thecase of a vesselwith is using two types of
hull penetrations. We consider that the majority of the
openings are of the type that is shown on the left in
Figure 12. The end of the pipe penetrating the hull is
not protruding beyond the shell plating but there is a
sharp collar-like recess around the opening.

The penetrations should be done as shown in
Figure 12 on the right, so that there is no protrusion
or additional recess. The fuel saving potential of these
shell penetrations is small, but some protrusions may
cavitate causing coating damages behind the open-
ngs.

Figure 12 — Hull openings at starboard side midship
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3.9 Zinc Anodes & Lifting Eyes

We consider a vessel with has no impressed
current cathodic protection system, so there is a num-
ber of zinc anodes installed all over thehull. Relocat-
ing or rearranging some of the anodes is proposed
below.

In Figure 13 we can see a ship with was the
zinc anodes on the portside bilge keel

The zinc anodes are proposed to be moved
from the bilge keels onto the adjacent shell plating.

This way the anodes would be better protected from
the flow.

Figure 14 presents the zinc anodes on the shaft
brackets.

Zinc anodes on the shaft brackets are proposed
to be aligned with the flow as now they installed are
perpendicular to the direction of flow. As aresult to
our study we can install smaller anodes here.

The anode on the central skeg as seen in Figure
15 could be relocated to the adjacent shell plating to
be better protected from the flow.

Figure 13 — Zinc anodes on the portside bilge keel

"““'““‘!1 LAAR L

Figure 14 — Zinc anodes on the shaft brackets

Figure 15 — Zinc anode on the central skeg starboard side
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It is not known how many permanent lifting
eyes are attached below the bottom, but all the lifting
eyes are either new ones or replaced by new ones. It
is quite common to have permanent lifting eyes on the
shell plating, but usually those lifting eyes get dam-
aged before the next dry dock and must be replaced
by new ones before using them. Therefore, it is rec-

ommended to remove all of thelifting eyes after fin-
ishing the propeller and rudder works.

3.10 Hull Surface Condition

The difference between a ship with a good
condition region on the blasted area and a ship with a
poor condition region in an untreated region can be
seen in Figure 16.

Figure 16 — Comparison of surface quality in regions where abrasive blasting has been applied (on the right) and where no
abrasive blasting has been applied (on the left)

As can be seen there are some 2-3mm high
blisters in parts of the untreated areas, whereas the
surface smoothness in the blasted area is generally in
the range of less than lmm.

It is recommended that the surface of the
whole hull would always be totally stripped before
applying a new coating. An uneven surface quality
can lead to additional resistance of a few percent.

If partial blasting is considered, the blasting
effort should be focused on getting as nuch square
meters as possibleto an even surface quality. The pri-
ority on blasting could be on the high flow velocity
areas such as the bow, the rudder, bilge keels and
other appendages, but keeping in mind that most of
the square metres come from flat areas such as the flat
bottom.

4. Conclusion

We can improve energy efficiency of aship by
mmproving and optimizing different parts of the ship.

YIK 629.5.017
DOI: 10.34046/aumsuomt 103/22

There are various possibilities for improving
energy efficiency covered in this article that can be
implemented on a ship.

By improving energy efficiency we can reduce
the fuel consumption, save money for the owners and
reduce air pollution.

References

1. M. V. Vasilescu, Ph. D. Thesis, Research on the de-
sign and operation of container vessels for improv-
ing energy efficiency, Romania, Constanta, 2020.

2. M. V. Vasilescu, D. Dinu, M. Panaitescu, F.-V.
Panaitescu, Research on Exhaust Gas Cleaning
System (EGCS) used in shipping industry for reduc-
ing SO, emissions, TERERD (Thermal Equipment,
Renewable Energy and Rural Development), 10th
International Conference, 2021.

3. A.I Epikhin, M. V. Vasilescu, I. C. Scurtu, Ship
stabilization technology a feature used for energy
efficiency, 10P Conference Series: Earth and Envi-
ronmental Science, Romania, 2021.

YIIPABJIEHUE BHHTO!BOFI}(APAKTEPHCTPH(OFI TVIABHOI'O IBUT'ATEJIA
IIYTEM CTPYUHOU NMOJAYN JOHOJHUTEJIBHOU BO/JAbI
HA IIEPO PYJIAA IIPU MAHEBPUPOBAHUN CY/IHA

A.C. llapamos, xanoudam mexHuyeckux Hayx, OOyeHm
A.H. T'opbenxo, kaHouoam mexHuueckux HayK, OOYeHm
CX. Ivenes, xanouoam mexHUYeCKUX HAYK, OOYeHMm

HawubGonee pacipocTpaHeHHasd KOMIIOHOBKA BUHTO-PYJIEBOTO KOMIUIEKCA, COCTOMAINECIO U3 BUHTA (1)I/IKCI/Ip OBaH-
HOI'O miara v riepa py Jil, ¢y meCTB€HHO OTI'p aHUIMBAacT BO3MOKHOCTH YIIP aBJICHIEI CY JTHOMIIPpU Maron CKOpPOCTH
Ha6era10mero IIOTOKa 1 Tpe6ye'r TIPUMEHEHUA JTOTIOTHUTCIILHBIX CPEJICTB Y IIP aBJICHMS . HGO6X()Z[I/IMOCT[> obec-
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