Journal of the Korean Society of Marine Environment & Safety Research Paper

Vol. 25, No. 5, pp. 627-633, August 31, 2019, ISSN 1229-3431(Print) / ISSN 2287-3341(Online) https://doi.org/10.7837/kosomes.2019.25.5.627

CFD 7]4F A3 Auto] EEDI 37} W o] 3k A

Study on the Evaluation Method for EEDI
of the Small Vessel using CFD

+
Dong-Woo Park”
* School of Naval Architecture & Ocean Engineering, Tongmyong University, Busan 48520, Korea

2 % E =EY F AT AAFAGE 71E REAY volHE &&ste] Fol duke] A7 9 FRAPeS FA6kL 1
A5 o] &3l oA &-& A X E (Energy Efficiency Design Index, EEDI)E 3 7}el= W S A|A| 8= Aolt}, tiilxute] g 77]4
Aol A AGS At Q8 B8 fE S 8T FE ALt STAR-CCM+E AME-38telom A1, ER 7|45 i1es)
Sk AR fE A ARE R gidde] fFaTHE S At & FREE AFE 7] BAid RPEAF dolEwo]AE o] &
sk =424 2 fApduke] AlFARE &8sto] Agetglth HEH o2 EEDI A Aol Uit f ATty Ay, duke] AR, ALEE
Azl Wk CO0l AT, ARARY 55 HtEos dvtste A Z=as A4St

Abstract : This study aimed to predict the resistance and propulsion performance of a ship using computational fluid dynamics (CFD) and a database
as well as establish an assessment method for the energy efficiency design index (EEDI) using the results. First, the total resistance of the studied ship
is obtained using CFD. A flow analysis is conducted with the free surface and trim and sinkage using a commercial CFD code (STAR-CCM+). The
effective power of the ship is assessed based on the CFD results. The quasi-propulsive efficiency is calculated from an empirical prediction equation using
experimental data and similar material. Finally, a general calculation program for the EEDI is established based on the hydrodynamic results, ship

information for principal particulars, conversion factor of CO2 for fuels, and fuel consumption.
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Fig. 1(a)<}t

(a) Body plan

(b) 3D shape used in the calculation

Fig. 1. Object vessel.

Table 1. Particulars of the object vessel

Object vessel
Model Scale
Full Scale used in CFD
Scale ratio - 13.0333
Length between perpendiculars, 782 6.0
LPP (m)
Breadth, B (m) 13.0 0.997
4.599/ 0.353/
Draft at F.P.&A.P, Tg/Ts (m) 5082 0390
Deadweight (ton) ab.4000 -
Displacement (m’) 3890.0 1.757
Wetted surface of a ship, Wss () 1497.3 8.815
Wetted surface of a bilge keel, 15.0 _
Wak () '
75 % MCR (kW) 1378.5 -
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Fig. 3. Trimmed mesh.
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(c) Pressure distribution applied to the hull surface (12.0 knots)

Fig. 4. Wave contour, wave height and pressure (12.0 knots).
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(c) Pressure distribution applied to the hull surface (13.0knots)

Fig. 5. Wave contour, wave height and pressure (13.0 knots).
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Fig. 6. Wave contour, wave height and pressure (14.0 knots).
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Table 2. Prediction of the effective power and brake power for the object vessel

** See Nomenclature

- Tr=4.599, Ta=5.082

- Form Factor (1+k): 1.300

- Roughness Allowance(A Cr): 0.6548x107
- Air Resistance Coeff.(Cas): 0.0883x107°

Vs(kts) Vu(nys) Fyn Ramx10°° Rpu(N)" Cnux10° Cenx10° Cywx10° Cwx10°
11.0 1.5673 0.2020 8.4464 48.07 4.4442 3.0900 4.0170 0.4272
12.0 1.7098 0.2204 9.2142 62.88 4.8848 3.0431 3.9560 0.9288
13.0 1.8523 0.2387 9.9821 85.35 5.6496 3.0009 3.9012 1.7484
14.0 1.9948 0.2571 10.7499 114.05 6.5094 2.9627 3.8515 2.6579
15.0 2.1373 0.2755 11.5178 175.45 8.7231 2.9277 3.8060 49171

Vs(kts) Rusx10” Crsx10° Cysx10° ? Crsx10° ¥ Rrs(kN) Pe(kW) ns’ Pa(kW)”
11.0 0.3809 1.7318 2.9061 3.4507 85 430 0.684 674
12.0 0.4156 1.7121 2.8805 3.9264 115 709 0.668 1,019
13.0 0.4502 1.6942 2.8573 4.7225 162 1,085 0.652 1,596
14.0 0.4848 1.6780 2.8361 5.6107 223 1,609 0.629 2,455
15.0 0.5195 1.6630 2.8167 7.8503 359 2,770 0.621 4,280

1) Ry : Total resistance by CFD

2) Cys = (1+k)xCpst+ A Cr
3) Crs =
4) ng :
5) Brake power(Pg) :

- CP .

[(WsatWpk)/Wsa]¥Cys+tCy+Cas, Wsa and See Table 1 for Wpy

Prediction from model test database and the materials of the similar vessel
Effective power(Pg)/ngxCp(0.95)/ETAT(0.99)xw/o S.M.(S.M.=0 %)
Power correction is defined 0.95 using model test database

- ETAT : Shaft loss coefficient is defined 0.99 using model test database

-SM. :
- Symbol explanation :

Sea Margin is defined 0%
See Nomenclature
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EEDI=[(Cp X Py X SFOC, ) + (Cp X P g X SFOC )
+(Pp1r—Paget) X Cpag X SFOC 4]/ (DWT X V ) ©)

- Cr : Carbon factor (defined in Annex 2 of MEPC61/5/3)
[t-CO2/t-fuel]
- Py ¢ Power of M/E (75 % MCR) [kW]

- Pag : Power of A/E (MCR©] 10,000 kWX.t} 025 x

4 0.
45 0.

MCRyz + 250, MCR®] 10,000 kWX T} =2} 05 x
MCRyg) [kW]
- SFOCyg : SFOC of M/E at 75 % load (from maker's catalog

without margin) [g/kWh]
- DWT : 100 % of Full DWT

wf - Ship speed at 75 % MCR, draught at 70 % of Full DWT,
0% S.M. [knots]

- Ppmi, Pagerr : Power of power take in system [kW]

kel ARt el A3)E vtEeE A@)el HERA
ok A@)e] 2R 1256=E= 3d3 4dS T FAE
fkelth.

EEDI= (3206 < 1378.5 % 190) + (3.206 < 91.9 < 195)
+(0—0) x3.206 < 0] /(2,838 < 12.56) = 25.17 @
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Nomenclature

Ar Transverse projected area above waterline of ship
Caa Air resistance coefficient, Cax=0.001-Ar/Ss
Cr Frictional resistance coefficient calculated from
the ITTC 1957 model-ship correlation line,
Cr = 0.075-(LogioRx-2)°

3) A TEHAA ] Hol2 Mg

O -

ACs  Roughness allowance = 105-[(ks/Lwr)"- 0.64]-10°
G Trial correction factor for power
Cw Wave resistance coefficient
Cr Total resistance coefficient
Fx Froude number, Fx=V/(gLw1)"”
g Gravitational acceleration

k Three dimensional form factor determined by
Prohaska’s method on the base of ITTC 1957
model-ship correlation line

ks Hull roughness of ship, ks=150 x 10°m
Lwe Length on waterline
Pg(PB) Brake power
Peg(PE) Effective power
Ry Total resistance
Rx Reynolds number, Rx=V:Lywr/v
Ss Wetted surface area
Sk Wetted surface area of bilge keel
nd Propulsive efficiency or quasi-propulsive efficiency
Kinematic viscosity of water
Mass density of water

Subscript ‘M’ refers to model value

Subscript ‘S’ refers to ship value
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