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- Background

i Fuel cost likely to increase further
i Emission regulations (EEDI) underway
i Operators challenged to improve ship propulsion

i Increasing concern also on underwater noise on
marine life (1)



- Background

i  Structural failure.
[improved FEM]

i Lack of accuracy in full-scale measuring capability.
[full scale monitoring]

i Lack of transparency of the savings in actual operational
conditions.
[ new opoO0s profile based approach

i Limited insight into the detailed working principles of the devices
and therefore a lack of ship-specific design capability.
[CFD]

i Lack of ownership accountability.
[EEDI]



-~ Approach

Below a typical approach is suggested for the selection and
verification of ESD options:

i Select retrofit using data indicated by the owner/supplier;
i Optimize by af
i  Model testto v
i Trial to confirn

- the relevant operational circumstances



-~ Approach

Optimize by applying CFD & check viability;

Model test to validate;
Trial to confirm.

Getting confidence in the proposed ESD
as a real energy saver.

Tuning the design of the ESD for the

particular ship and its operation

Preparing for the interpretation of the
efficiency gain predictions derived from
model tests




-~ Approach

Select retrofit using data indicated by the owner/supplier;
Optimize by applying CFD & check viabllity;

Model test to validate (incl. CFD);

NL

Trial to confirm.

v

Extrapolation

Comparison

CFD model scale prediction

A

Validation

> Model testing (scale) prediction




-~ Approach

i Select retrofit using data indicated by the owner/supplier;
i Optimize by applying CFD & check viabllity;

i Model test to validate (incl. CFD);

i Trial to confirm.

MARIN has energy saving high on its agenda and currently runs a
Joint Industry Projects (20 partners) called Refit2Save
Investigating:

Meewis duct

Rudder mounted post i swirl stator

Ducted propeller

Hull vane

R § ye— — vV 1] )



i Majority of the ESDs improve the flow in front or behind the
propulsor

i Energy saving and flow improvement (cavitation noise)
i Look at the overall efficiency
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i Majority of the ESDOS I mprove th
propulsor

i Energy saving vs. flow improvement (cavitation, noise)
i Look at the overall efficiency
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Axial losses Rotation losses  Viscous losses (friction) Non-uniformity (blades etc)
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Maj ority of the ESDOS i mprove
propulsor

Energy saving vs. flow improvement (cavitation, noise)
Look at the overall efficiency
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i Objective of ESD is to improve:
i Propulsor efficiency or
i Propulsor i hull interaction or
i both
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Propulsor efficiency

From basic axial actuator
disc theory follows an
Oi deal O pr op Ly

1.0

efficiency. 25 F %Mm N
Good propulsor designs o S~da,l TT——

“iy - o e e T R
are within a range of that o |

ideal efficiency.

Difference accounts
various energy losses. o

Highest efficiency found
for low thrust loading (CT
= KT/J2)

Q2
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-~ Propulsor efficiency

i Swirl generating devices
i Recover rotational energy losses by producing swirl velocity in opposite

direction.

i Design result should be minimisation of rotational energy losses aft of the
system.

i Rotati onal ener-gyo ciam tle opoeExeldsi on

i Focus can be shifted in optimisation to minimisation of frictional
energy losses.

i Optimum diameter decreases

14



-~ Propulsor efficiency
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Rotational and viscous losses respectivey indicated by red and green arrows

15



ESD examples

i Swirl generating devices
i Contra-rotating propeller
i Pre-swirl stators
i Post-swirl stators
i Gr 1 wemeswheel
i Propeller hub devices
i Rudder bulbs
i Propeller boss cap fin (PBCF)
i Nozzles
i Propeller nozzles
i Pre-nozzles (WEDSs)




ESD examples

i Swirl generating devices
i Contra-rotating propeller
i Pre-swirl stators
i Post-swirl stators
i Gr 1 wemeswheel

i Propeller hub devices
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DSME Pre-swirl stator



- ESD examples

i Swirl generating devices
i Contra-rotating propeller
i Pre-swirl stators
i Post-swirl stators
i Gr I wehewheel
i Propeller hub devices
i Rudder bulbs
i Propeller boss cap fin (PBCF)
i Nozzles
i Propeller nozzles
i Pre-nozzles (WEDSs)

Mitsubishi HI
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- ESD examples

i Swirl generating devices
i Contra-rotating propeller
i Pre-swirl stators
i Post-swirl stators
i Gr 1 wemeswheel

i Propeller hub devices

i Rudder bulbs
i Propeller boss cap fin (PBCF)

i Nozzles
i Propeller nozzles
i Pre-nozzles (WEDSs)

Nautican nozzle



- ESD examples

i Swirl generating devices
i Contra-rotating propeller
i Pre-swirl stators
i Post-swirl stators
i Gr I wehewheel
i Propeller hub devices
i Rudder bulbs
i Propeller boss cap fin (PBCF)
i Nozzles
i Propeller nozzles
i Pre-nozzles (WEDSs)

Mewis Duct
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Design procedure

i Step #1 : Preliminary design proLER TP
using lifting-line model
i Influence of many parameters
to be explored
i Computationally inexpensive
i Step #2 : Analysis and |
systematic variation using \
unsteady BEM
i Step #3 : Verification with \
viscous flow solver <

TIP PRE-SWIRL
STATORBLADE
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— Design procedure

i Step #1 : Preliminary design
using lifting-line model
i Step #2 . Analysis and
systematic variation using
unsteady BEM
i Propeller cavitation analysis
i Selection of final design
variant
i Step #3 : Verification with
viscous flow solver
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— Design procedure

i Step #1 : Preliminary design
using lifting-line model

i Step #2 : Analysis and
systematic variation using
unsteady BEM

i Step #3 : Verification with
viscous flow solver

i Identification of flow problems

i Identification of scale effects
iIn model experiments
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Design procedure

i Step #1 : Preliminary design
using lifting-line model

i Step #2 : Analysis and
systematic variation using
unsteady BEM

i Step #3 : Verification with
viscous flow solver

i ldentification of flow
problems

i Identification of scale effects
iIn model experiments
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— Design procedure

i Step #1 : Preliminary design
using lifting-line model

i Step #2 : Analysis and
systematic variation using
unsteady BEM

i Step #3 : Verification with
viscous flow solver

i ldentification of flow
problems

i Identification of scale effects
iIn model experiments
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- Model tests

i Verification of design calculations

i Model propulsion tests on vessel
fitted with designed pre-swirl stator
and 6 and 4 blade stock propeller

i 2.5 % power reduction gained for 6-
blade propeller (100.2 to 96 RPM)

i 5% power reduction for 4-blade
propeller

i Efficiency gains and RPM drops
indicate that design method is
promising

27



twin screw vessel with prswirl stator Bulk carrier with a EJ VanLammererduct and
pre-swirl stator
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- ESD examples

i Swirl generating devices
i Contra-rotating propeller
i Pre-swirl stators
i Post-swirl stators
i Gr 1 wemeswheel

i Propeller hub devices

i Rudder bulbs
i Propeller boss cap fin (PBCF)

i Nozzles
i Propeller nozzles
i Pre-nozzles (WEDSs)

Rudder stators & fins



ESD examples

Swirl generating devices
i Contra-rotating propeller
i Pre-swirl stators
i Post-swirl stators
i Gr I wehewheel

Propeller hub devices

i Rudder bulbs
i Propeller boss cap fin (PBCF)

Nozzles
i Propeller nozzles
i Pre-nozzles (WEDSs)
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- ESD examples

i Swirl generating devices
i Contra-rotating propeller
i Pre-swirl stators
i Post-swirl stators
i Gr 1 weheswheel
i Propeller hub devices
i Rudder bulbs
i Propeller boss cap fin (PBCF)
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