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List of symbols
J
D Propeller diameter J Advance coefficient = \_D AKt K ECO-Cap/Kt normal cap
n
Thrust
\Y% Velocity of the flow Ky Thrust coefficient Kr = pniD® AKq Kq Eco-Cap/Kq normal cap
Torque
n Propeller shaftspeed Kq Torque coefficient Ko = oniDs An n ECO-Cap/m normal cap
| o Kr
P Density n Propeller efficiency =37 K, Kt K blade + K1 boss + Kt cap
v Kinematic viscosity Roxemr  Reynolds number Ko K, blade + K boss + Kq cap
JVZ+(mn-0.7D)?
b-r Chordlengthat O7R . _ losaV V2 + (mn - 0.7D)
n m v
Con Pressure Coefficient _ Pressure
T on2p?

1. Introduction

In recent years, Energy Saving Devices (ESD) fgpsshave gained attention. Among them are the pierpe
caps with fins. Their characteristics are easyttached, so they are suitable for retrofitting. Thest famous
caps with fins are Propeller Boss Cap Fins (PBCQHREe research and development of PBCF were originall
carried out by Ouchiet al. and concluded that it can gain the propulgfficiency about 2.1% on the model
and about 4% on the actual ship. ITTC referred¢isellts and mentioned that the full scale improvamate of
propulsion efficiency is 2 to 3 times greater tila@ model scale prediction in their guidaficBut the effect of
the difference of propeller particulars like aschit number of blades are not mentioned. Kawathertaal.
researched PBCF by CFD and the scale effect wdsmeal.

The authors also developed a new propeller capfimishwhich was named ECO-Céj Fig.1 shows the ECO-
Cap attached to the actual ship. In our resear€iQ-Eap gained the propulsion efficiency about 1.28%e
six blades propeller for the container vessel amaliti0.69% in the five blades propeller for thekbearrier on
the model scale. And it reduced the fuel oil congtiom about 2.8% in the four blades propeller fog twin-
screw car ferry on the actual ship. It looks likeng scale effect as PBCF. The purpose of this papepredict
the effect of the difference of the propeller parars and scale of ECO-Cap by CFD.

Fig.1 ECO-Cap attaced to the actual ship
2. Analysisby CFD
2-1. Propéller particularsand analysis models
Analysis carried out using the six propellers whagle designed for large container vessel. TableWwshhe
propeller particulars and Fig.2 shows pitch disititn of propellers.Fig.3 shows the propeller mattirs and

profiles. The feature of ECO-Cap compared withnmaircap is attaching the seven fins for recoveengrgy
loss caused by generating hub vortex.
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Table.1 Propeller particulars

°
S

2
MPNo.1 | MPNo.2 | MPNo.3 | MPNo 4 %M
Number of blades 6 5 % —
Diameter(mm) 250(model)/9500(actual) ? o et
Exp. Area ratio 0.89 0.85 =02 S
Pitch distribution constant | tip loaded | tip unloaded | constant o
Pitch ratio at 0.7r/R 0.994 1.007 0.981 1.039 00 02 W ks 08 10

Fig.2 Pitch distrilmun

6 blade 5 blade Normal cap ECO-Cap
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Fig.3 Propeller and cap profiles

RANS calculations are performed by SOFTWARE CRADSERYU/Tetra Ver.10 which is a commercial
CFD code based on a finite volume method with astruntured grid. The k-kis model is applied as turbulence
model. The authors simulated the flow field aroungbropeller in uniform wake flow. The computational
domain is composed of the inner rotational partuidiog the propeller and the outer stationary pahe
stationary part and the rotational part are coratediscontinuously. Constant velocity and zero fres are
prescribed at the inlet and the outledundary, respectively. Fig.4 shows the computatiaiomain. The
numerical mesh is an unstructured grid, and basic cells are tetrahedral and prismatic ceisamplied to near the
blade surface for resolving the boundary laffable.2 shows conditions for the CFD model.
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Fig.4 Numerical grids for CFD .
Table.2 Conditions of CFD model
Model scale Full scale
Normal cap| ECO-Cap [Normal cap] ECO-Cap

Rmm‘lo-‘ 6.0 860.0
y+ 1.0
Total thickness(mm) 3.0
Prism layer 18 32
Growth ratio 1.40 1.41
Number of cells/10” 22 2.9 3.6 4.8

2-2. Model scale analysis of difference of propeller pitch distribution

The authors calculated the MPNo.1-3 with normal icemodel scale. Fig.5 shows the distribution afgsure
coefficient G, behind the normal cap at J=0.72. The blue paresgmts low pressure caused by the hub vortex.
The low pressure was found for each propeller MiRNo.2 is the smallest and MPNo.3 is biggest. Finéws
pressure distribution behind the ECO-Cap at J=0TT2& recovery of pressure by ECO-Cap is found ithea
case. The tendency of extents of remaining blueipaame as the results of normal cap.



Fig.5 Gy distributions behind the normal cap
MPNo.1

MPNo.3

Fig.6 Gn distributions behind the ECb-Cap

Fig.7 shows the comparison of propeller charadtesiof MPNo0.1-3 equipped with the normal cap af@C=
Cap. Each propeller equipped with ECO-Cap imprquepeller efficiencyAno by gainingAK; and reducing
AKq. Efficiency of MPNo.3 is improving most. The lowpressure behind the cap is, the more the propeller
efficiency is improved by ECO-Cap.
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Fig.7 Comparison of propeller characteristics (VBtBO-Cap/with normal cap)

2-3. Model scale analysis of difference of blade number

The authors calculated the normal cap and ECO-GaptaMPNo.4 which has five blades in the modelescal
Fig.8 shows the streamline behind the normal calr@i72. The colour of the streamline depends gn Each
streamline swirls behind the cap and the direct®rsame as the propeller rotation. It looks likattkhe
streamline of MPNo.1 is more swirly than that of Ni?4. Fig. 9 shows the streamline behind the ECP-&@a
J=0.72. Each streamline was disturbed by fins hadptessure was recovered and the streamline idinests
directed opposite direction of the propeller ratatby fins.

Fig.8 streamlines behind the normal cap Fig.9 streamlines behind the ECap



Fig.10 shows the comparison of propeller charastiesi of MPNo.1 and MPNo.4 equipped with the norozgd
and ECO-Cap Ano of MPNo.1 is higher than MPNo.4 because of theedéhce ofAK; and the gap widens at

the high J.
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Fig.10 Comparison of propeller characteristics

2-4. Analysis of scale effect

The authors calculated the normal cap and ECO-Capidel scale and full scale. The reynolds numbgs.B:
is 6.0 x 18 in model scale and 860.0 x°1ifi full scale. Fig.11 and Fig.12 show thg, @istribution behind the
normal cap and the ECO-Cap attached to MPNo.1. Egete indicated that the gdistribution in model scale
was different from that in full scale. Especiallyw pressure remained behind the ECO-Cap in fallesagainst

the result in model scale.

Full scale

Model scale

Fig.11 G, distributions behind the normal cap attached tdNdR

Full scale

Model scale

Fig.12 G, distributions behind the ECO-Cap attached to MRNo.

Fig.13 shows the comparison of propeller charasties of MPNo.1 equipped with the normal cap andEC
Cap in model scale and full scale. Propeller charastic of full scale is improved compared with aebd scale.
Table.3 is the comparison @ of model and full scale about MPNo.1-4 at desiginp The full-scale
improvement rate of propulsion efficiency is 1.53t@ times greater than the model scale.
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Fig.13 Comparison of propeller characteristics MPINo

Table.3 comparison of Ang of model and full scale

Ane Ano run
MPNo. AT]
model scale full scale o model
1 1.27% 2.27% 1.8
2 0.52% 1.68% 32
3 1.89% 2.76% 1.5
< 1.07% 1.88% 1.8

3. Conclusion
The authors confirmed the following by CFD analysis

1) Propeller particulars such as pitch distributiod dfade number affected pressure distributionsnietine
propeller cap. Reynolds number also affected pregdigtributions behind the propeller cap.

2) The lower pressure behind the cap is, the moregiimpefficiency is improved by ECO-Cap.

3) The full-scale improvement rate of propulsion efficy is changed by propeller particulars, and it.b to
3.2 times greater than in model scale. It is nedwdysame as ITTC's guidance.

4) The full-scale improvement rate of propulsion eéficy is expected because of the difference ofspres
distribution that cannot reproduce in the modedl tes
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