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Wake Comparison between Model and Full Scale Ships Using CFD
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Abstract

Assessment of hydrodynamic performance of a ship hull has been focused on a model
ship rather than a full-scale ship. In order to design the propeller of a ship, model-scale
wake is often extended to full-scale based upon an empirical method or designer's
experience, since wake measurement data for a full-scale ship is very rare. Recently
modern CFD tools made some success in reproducing wake field of a model ship, which
implicates that there are some possibilities of the accurate prediction of full-scale wakes. In
this paper firstly the evaluation of model-scale wake obtained by Fluent package was
performed. It was found that CFD calculation with the Reynolds-stress model (RSM)
provided much better agreement with wake measurement in the towing tank than with the
realizable k—¢ model (RKE). In the next full-scale wake was calculated using the same
package to find out the difference between model and full-scale wakes. Three hull forms of
KLNG, KCS, KVLCC?2 having measurement data open for the public, were chosen for the
comparison of resistance, form factor, and propeller plane wake between model ships and
full-scale ships.

#Keywords: CFD(HIAKRMES), Stern viscous boundary layer(&0] EAHEHS), Wake(HHF),

Model ship (2& &), Full-scale ship(&l &)
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Table 1 Key features of CFD systems
Fluent 6.3.26
Incompressible RANS Eqgn.

Cell centered FVM
(Unstructured Grids)

Reynolds Stress model
(Linear Pressure—Strain)

Realizable k- model
Non-Equilibrium
Convection term QUICK

Diffusion term

CFD program

Governing equation

Discretization

Turbulence model

Wall function

Central Difference Scheme

Velocity—pressure

coupling SIMPLEC Algorithm
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Table 2 Principal particulars of KLNG

KLNG Prototype Model
Scale ratio 1 1/38.6364
Lep (m) 266 6.8847
B (m) 42.6 1.1026
T (m) 11.3 0.2925
Speed (m/s) R RaA 1.6139
Cs 0.7493
Froude No. (Fn) 0.1964
Reynolds No. (Re) 2.24x10° 0.933x 10’

Table 3 Principal particulars of KCS

KCS Prototype Model
Scale ratio 1 1/31.5994
Lep (M) 230 7.2786
B (m) 32.2 1.0190
T (m) 10.8 0.3418
Speed (m/s) 12,3408 2.1962
Cs 0.6505
Froude No. (Fn) 0.26
Reynolds No. (Re) 2.58%10° 1.4x107

Table 4 Principal particulars of KVLCC2

KVLCC?2 Prototype Model
Scale ratio 1 1/58.0
Lep (M) 320 5.5172
B (m) 58.0 1.0
T (m) 20.8 0.3586
7.9732
Speed (m/s) (15.5kts) 1.047
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Froude No. (Fn) 0.1423
Reynolds No. (Re) 2.13x10° 0.46%107
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Table 5 Grid numbers and y; for KLNG

Yl (KING)

Grid A Grid B Grid C
(Model) (Prototype) (Prototype)
80 1,000 2,000
Grid D Grid E Grid F
(Prototype) (Prototype) (Prototype)
4,000 6,000 8,000
axial Xradial Xgirth Total cell number

225x80%x46 796,320

Table 6 Grid numbers and 3, for KCS

Y, (KCS)
Grid A (Model) Grid B (Prototype)
80 1,000
axial Xradial Xgirth Total cell number
225x80% 46 796,320

Table 7 Grid numbers and yf for KVLCC2

Yl (Kvicoo)
Grid A (Model) Grid B (Prototype)
80 1,000
axial Xradial Xgirth Total cell number
240x60x65 924,808
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Fig. 4 Calculated velocity profiles in super

pipe flow according to yf
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Table 9 Resistance coefficients(KCS)

Gid Scale Cr . Cvp3 Cy 5 form
(y;) (HR28) | (x10°) | (x10°) | (x10°) | factor
ATTC | Model | 2760 | - - -
Gooh | Meda | 2610 | 0282 | 2892 | 0.108
Goon | Mode | 2632 | 0305 | 2987 | 0.116
ATTC Ful 1366 | - - -
S8 1 | 128 | 053 | 1431 | 0120
GUoB | ey | 1024 | 0169 | 1494 | 0128

'KCS-Cp (y+1000, RSMR
Solid b%ode}scale, Dal,shed :Fu /scaﬂe

el

- 'KCS-Cp (y+1000, RSM
0 fo2s..., S0lid : Model scale , Dashed : Fyll scale
:}01 0%

Fig. 14 Comparison of pressure distribution
between model and full-scales of KCS with
RSM(top: bow, bottom: stern)
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Table 10 Resistance coefficients(KVLCC?2)

Grf Scale. Cr 5 Cvp3 Cv 5 form
(yy) (HR28) | (x10°) | (x107) | (x10°) | factor
ATTC Model | 3.341 - - -
Grion Model | a.142 | 0656 | 3.797 | 0.209
G todel | 3211 | 0677 | 3888 | 0211
ATTC Full 1397 | - - -
S8 | G| 1326 | 022t | 1548 | o.167
SIS | g | 1891 | 0271 | 1662 | 0.1%
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