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1. Introduction
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2. CO, Emission regulation by IMO

MEPC 40 MEPC 53 MEPC 57 MEPC 58 MEPC 59  MEPC 60 MEPC 61 MEPC 62 MEPC 63 MEPC 64
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2005 W08 2009 2009 2010 2010 210 2011 gp
Resolution 8 MEPC Circ.471 GHG Working ~ GHG Working Energy  Regtext EEDI& Finalisation
“CO,emissions  “Energy Efficiency ~ Group 1 Group 2 Efficiency SEEMP
from ships” Operational Indicator" Working Group Adopted

.~Guidelines Adopted:

Resolution A.963 (23) “IMO
policies and practices
related to reduction of GHG
emissions from ships”
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MEPC Circ. 681 EEDI Calculation
MEPC Circ. 682 EEDI Verification
MEPC Circ. 683 SEEMP

MEPC Circ. 684 EEOI

15t January 2013

*EEDI (Mandatory) New ships
*SEEMP (Mandatory) All ships
*EEOI ( Voluntary) All ships

4

///

MEPC.212(63) EEDI Calculation™,
MEPC.213(63) SEEMP

. MEPC.214(63) EEDI Verifcation
"\..__MEPC.215(63) EEDI Ref Lnes "
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3. Energy Efticiency Design Index (EEDI)
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Ships to meet a level of energy efficiency .

An early stage measure for ships efficiency.

Based on its emissions, capacity and speed.

EEDI= . %
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« Ships >= 400GRT

* Building contract on or after 1! Jan 2013

* Major conversion of existing ships.

Recent addition
Bulk carrier vRo- Ro
Gas tanker v'Passenger vessels
Tanker
Container
General cargo
Refrigerated cargo
Combination carrier
LNG

AN N N NN
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5. Reduction in phases

Attained EEDI < Margin value
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6. EEDI formulation

nfi (Z PME* CFME*SFCMER"{PAE* CFAE*S FCAE}" [nfi* zPPTI _Efeff* PAEEF{) * CFAE*SFCA] [ Efeﬁ* Peﬂ‘* CFME*SFCME ]
1 1 1

EEDI = T
f, * Capacity *V; * f,, | |

CO, emission CO, emission CO, emission CO, reduction CO, reduction
Main engine - PTO Auxillary engine Power Take In WHR or similar Wind, Solar ...
Ref: 75% *(Psucr — Pero) Ref: 2.5% X Pyce + 250 kW Ref: 75% PTI Electrical Mechanical
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7. Energy efficiency
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Energy saving methods
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*Nozzle , Wake equaling ducts.

Hub vortex losses
Efficiency rudders, Divergent propeller cap.

Frictional losses
*Reducing the propeller area to minimum

Rotational losses
*Rudder fins, pre swirl fins.
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8. Thesis work
Relocated large area propeller

*Concept suggested by EU project
Streamline to MS Nawigator XXI.

*Study the benefits applicable to
EEDI with justification.

SEVENTH FRAMEWORK
PROGRAMME
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9. Propeller efficiency
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*The propeller accelerates the incoming mass flow
*The flow must contract to conserve the mass.
*Speed difference > turbulence=> energy losses
*Large diameter low RPM - Reduce axial losses

N

Prabu Duplex, 4th Emship cycle: 2013- 2014 1 EMSHIP week, February 2015

W Frictional losses
M Rotationallosses

10. Numerical configuration

* Memory :16GB RAM
* Processor :Intel® Core i5-4570 CPU @3.2 GHZ (4core)
¢ Software : Star-CCM+ (Version 9.04.009)
* Turbulence model : Realizable K-€
* Mesh : Trimmer, Polyhedral
CPU
time

RANSE solvers | w
(finite

H difference,
- BEM codes VOFs, ...)
(potential flow } -
theory)

- Morison equations,

S Accuracy
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11. Methodology
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12. Resistance test
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Difference (EFD vs CFD) : 2-5%
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Prop. Performance EFD vs CFD

0.6
0.5
04 ——Test results KT
§ 03 \\ ——CFD PLKT
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x 0.2 \Q\ —Test results10KQ
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0 ——CFD P2 10KQ
0.15 0.35 (}.55 0.75
Difference (EFD vs CFD) : 1-6%
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Fr correction force (N)

. Self propulsion tests (Step 1)

3.5 3.81 / 8.14
Thrust (N) 42.50 50.67, 16.12
Torque(N.m) 1.56 170\ 802
Kt 0.20 024
Ka 0.032 0.04
Del.Power(Watts) 88.10 95.78
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15. Constraints
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16. Methodology

Propeller 1

Propeller 2

(Diameter
enlarged 15%)
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17. Result analysis
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18. Result analysis
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19. Hull efficiency and velocity profile

Away from hull

{

Vx
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Velocity profile upstream of propeller plane Pressure on the hull
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20. Benefits

_ Propellerl Propeller2
£y 2 * * £y 2 * *

Propulsive efficiency Ref 8.92 12.34 -5.18 4.41 7.07

Delivered Power (Watts) Ref -8.19 -10.98 5.5 4.22 -6.59

Delivered power
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21. Influence of P/D ratio in propeller design

Influence of P/D ratio in propeller design (MAN B& W)

Shaft power 80,000 dwt crude oll tanker
KW Da_sigrl draught = 12.2 m

Propeller diameter [mm] 270 98,5001 e o

Chord length Ry 75 [mm)] 60 9,400 d = Propeller ciameter A 9‘}5[2

Number of blades Z 4 9300 pid 3

Max thickness Rozs [mm]  3.34 gao04 00

Pitch ratio at Ros [-] 0.823 8,100 o 085

Scale-at [-] 1:20.909 9,000
Paower and epeed curve

8,300 085 for the given propeller

dismeter d = 7.2 m with

Propeller diameter [mm] 220 8,800 - e i

Chord length Rg75 [mm] 89 8,700 - P

Number of blades Z 4 8,600 - L s mfm;ﬁmm i

Max thickness Rozs [mm] 34 8500 -

Pitch ratio at Ryss [-] 0866 70 a0 a0 100 1o 120 130 rimin

Scale-a [-] 1:20.909 Propeller speed

Important observation
Large area propeller performed poorer
_—
Choose appropriate P/D ratio for good results
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22. Application

Attained EEDI Required EEDI Required EEDI
(Phase 0) (Phase 1)
5.06 g/t.nm 5.27 g/tam #.74 g/t.nml Valid in phase 0 but

(10% margin reduced) for phasel

Delivered power gain of Phase 1 requirement
8.2% resulted in 4.66 g/t.nm satisfied
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23. Conclusion

* The method is a promising choice to optimize
EEDI values.

* Interesting trends in propulsion factors
observed.

 Short comings noted.
* The ability of the software is proved.

* With proper modeling reliability of model
basin can be reduced.
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24. Future work

* The work to be continued with rudder and
modified hull.

* Choosing an appropriate large area propeller
with optimum Pitch/ Diameter (P/D) ratio.

 Improving the numerical setup to offset the
requirement of towing tank.

* Incorporating optimization methods for
improving hydrodynamic performance.
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