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Abstract : The current work investigated the variation of numerical solutions according to the grid number, the distance of the first grid point off the
ship surface, turbulence modeling and discretization. The subject vessel is KVLCC. A commercial code, Gridgen V15 and FLUENT were used the
generation of the ship hull surface and spatial system and flow computation. The first part of examination, the effect of solutions were accessed
depending on the grid number, turbulence modeling and discretization. The second part was focus on the suitable selection of the distance of the first
grid point off the ship surface: Yp+. When grid number and discretization were fixed the same value, the friction resistance showed differences within 1 %
but the pressure resistance showed big differences 9 % depending on the turbulence modeling. When Yp+ were set 30 and 50 for the same discretization,
friction resistance showed almost same results within 1 % according to the turbulence modeling. However, when Yp+ were fixed 100, friction resistance
showed more differences of 3 % compared to Yp+ of 30 and 50. Whereas pressure resistance showed big differences of 10 % regardless of turbulence
modeling. When turbulence modeling and discretization were set the same value, friction, pressure and total resistance showed almost same result within
0.3 % depending on the grid number. Lastly, When turbulence modeling and discretization were fixed the same value, the friction resistance showed

differences within 5~8 % but the pressure resistance showed small differences depending on the Yp+.
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Fig. 2. Solutions employing CFD for Fig. 1.
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Fig. 3. A schematic diagram of the system.
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Table 1. Computational conditions for KVLCC

KVLCC
Lpp(m) 55172
B(m) 1.0
T(m) 0.3586
Vs(m/s) 1.0469
Ry 4.6 x10°
Wetted Surface Area(m’) 4.1285

2 AFolA ¥ @3 AFE Fluentol| A A A 8= 712
FHES AFEEHS o™ Table 20 A3 Aelstict €431 A
Foll gigk & o] 4 82 Fluent 6.3 User’s Guide(2008)
E S8 g 5 Sk

Table 2. Under-Relaxation Factors for each variables

Pressure 0.3
Desity 1
Body forces 1
Momentum 0.7
Turbulent kinetic energy 0.8
Specific Dissipation Rate 0.8
Turbulent Viscosity 1
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Table 3. Calculation conditions for dependency study on three grid systems (KVLCC)

. Turbulence . . . . .
Yot Grid No. Modeling Wall Function Pressure-Velocity Coupling Discretization
o Realizable k-¢ Non-equilibrium SIMPLE-C 2™ Order Upwind
ab. 80 million
k-o SST — ! QUICK
. I n nd :
50 ab. 140 million __calzable kee 2" Order Upwind
k-0 SST — ' QUICK
R 1 1 k— 1 1 znd .
ab. 210 million calizable k-¢ Order Upwind
k-0 SST — ! QUICK
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Fig. 4. Pressure resistance coefficient depending on Fig. 5. Viscous resistance coefficient depending on
turbulence model. turbulence model.
Table 4. Comparison of resistances by dependency study of three grid systems
. Force(N) Coefficient
Grid Turbulence Discretization Pressure Viscous Total
No. Modeling Pressure Viscous Total <10° <10° «10°
Realizable 2 Order Upwind 1.35473 7.32664 8.68137 0.59901 3.23958 3.83860
%% k-g QUICK 1.27985 7.33056 8.61042 0.56591 3.24132 3.80722
million ko SST 2 Order Upwind 1.47574 7.25287 8.72862 0.65252 3.20697 3.85949
QUICK 1.40044 7.25118 8.65162 0.61922 3.20622 3.82544
Realizable 2™ Order Upwind 1.32140 7.34277 8.66418 0.58423 3.24645 3.83069
la}zo k-e QUICK 1.26813 7.34730 8.61543 0.56068 3.24846 3.80913
illi 2™ Order Upwind 1.43851 7.28295 8.72146 0.63601 3.22000 3.85601
mufion k-o SST
QUICK 1.38505 7.28267 8.66772 0.61237 3.21988 3.83225
Realizable 2™ Order Upwind 1.30722 7.34535 8.65257 0.57791 3.24734 3.82526
23?0 k-¢ QUICK 1.25987 7.35005 8.60993 0.55698 3.24942 3.80640
million ko SST 2™ Order Upwind 1.42406 7.28450 8.70856 0.62957 3.22044 3.85001
-©
QUICK 1.37634 7.28578 8.66212 0.60847 3.22101 3.82948
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Table 5. Calculation conditions for dependency study on the distance of the first grid point off the ship surface(YP+)

Grid No. Yot Turbule.nce Wall Function Pressure—Y61001ty Discretization
Modeling Coupling
10 Realizable k- Non-equilibrium SIMPLE-C 2™ Order Upwind
k-o SST - " QUICK
Realizable k- Non-equilibrium SIMPLE-C 2™ Order Upwind
30
ab. k-0 SST - ' QUICK
140
million 50 Realizable k- Non-equilibrium SIMPLE-C 2™ Order Upwind
k- SST - ! QUICK
100 Realizable k-¢ Non-equilibrium SIMPLE-C 2™ Order Upwind
k-0 SST - " QUICK
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Table 6. Comparison of resistances by dependency study of Yp+
Force(N) Coefticient
Yot "li\jfb(;l 1;3;1106 Discretization . | Pressure Viscous Total
odeling Pressure Viscous Tota <10° <10’ «10°
Realizable 2" Order Upwind 2.22588 13.02158 15.24746 0.98412 5.75719 6.74132
10 k-g QUICK 2.15171 13.02220 15.17383 0.95133 5.75743 6.70876
k-w 2" Order Upwind 1.49028 7.60945 9.09973 0.65889 3.36434 4.02324
SST QUICK 1.41308 7.61331 9.02639 0.62476 3.36605 3.99081
Realizable 2" Order Upwind 1.34154 7.70158 9.04312 0.59313 3.40509 3.99822
30 k-g QUICK 1.27927 7.70425 8.98353 0.5656 3.40627 3.97187
k-w 2" Order Upwind 1.47224 7.63759 9.10983 0.65092 3.37680 4.02772
SST QUICK 1.40949 7.64053 9.05002 0.62318 3.37809 4.00127
Realizable 2" Order Upwind 1.32140 7.34277 8.66418 0.58423 3.24645 3.83069
50 k-g QUICK 1.26813 7.34730 8.61543 0.56068 3.24846 3.80913
k-w 2" Order Upwind 1.43851 7.28295 8.72146 0.63601 3.22000 3.85601
SST QUICK 1.38505 7.28267 8.66772 0.61237 3.21988 3.83225
Realizable 2" Order Upwind 1.36271 7.08412 8.44683 0.60250 3.13210 3.73460
100 k-g QUICK 1.30783 7.08659 8.39443 0.57823 3.13320 3.71143
k-w 2" Order Upwind 1.48432 7.27688 8.76120 0.65626 3.21733 3.87359
SST QUICK 1.42557 7.27427 8.69983 0.63029 3.21617 3.84646
4. 4 = AA FAE DAY, Fe 4 &2 Realizable k-] k-w SST
Hek oF 10% A7 FAE AT DA TS Yer=307F 50
& =] CFDOll o7k frE el #HgolA AAbaE, A o A= Realizable k-e©] k-w SST Bt} <F 0.7% %7
WH A o] A, dERd g1 o Akst we = FAE AL, Ypt=100°] A= Realizable k-¢©] k-w SST
of W2 o] MBFS AEHE Folth B skx AEe B eF 4% A FAH A
o3} 7o} 4) TAF R ok Wl AxlE 80,
1405k 18] 31 2109070 Wglo| A= wpEAdd, et A&
D EAF AA5sh dREE 90 FAF Vs O R AR I oF 403 % ol Aol wal.
w23 A o]Aksl We] wE A3 Wsk= v 5 4 FHFEDI} o] 4kst WA YetE 30, 50 L
3 gk ehEAFe o4k el wek 0.1% Ul B3l 10002 ) WSt wREARE oF 5-8% A
A Apelz molth relAEe QUICK We] 2 ol R, UHATL 203% A AolE RA
Order Upwind .t} ¢ 4-5% %7 F45 %t} 148 o AARE vhEAG ] Aol Qla 4-6%¢] AolE
© A PO QUICK ol 2 Order BT

2

3

Upwind Rt} ¢F 0.5% Well A AA FH = AT
TAF Aol o]4ks R ell A Realizable k-e3F k-w
SSTel| whe} mpzbA)El, b AE 1ejal dA S vl
kATt vhEAEFS Realizable k-e©] k-w SST XU} <
0.8 % AA FAHI Y. = A2 Realizable k-] k-w
SST Btk ¢ 9% HA FAH=A. A2 Realizable
k-g0] k-w SST Kt} °F 05% 27 F4% At
) L3 Ytk o]aksl WPH A Realizable k-e3F k-w
SSTell uwhep mpEA ), A 2 dAEgE H
WA Yetr=302 500 4 2] w}zkA 32 Realizable k-
£°] k-w SST Bt} oF 0.8% A FHE 3L, Yer=100
o A= Wt & Realizable k-¢©] k-w SST R.T} °F 3%

~

(4]

- 424 -

References

Choi, J. K. and H. T. Kim(2010), A Study of using Wall
Function for Numerical Analysis of High Reynolds Number
Turbulent Flow, Journal of SNAK, Vol. 47, No. 5, pp.
647-655.

Fluent 6.3 User’s Guide(2008), Fluent Inc.

Kim, B. N, W. J. Kim, K. S. Kim and I. R. Park(2009),
The Comparison of Flow Simulation Results around a
KLNG, Journal of SNAK, Vol. 46, No. 3, pp. 219-231.
Nah, Y. I, H. D. Bang and J. C. Park(2010), Numerical



A7

Simulation of Turbulent Wake Behind SUBOFF Model,
Journal of SNAK, Vol. 47, No. 4, pp. 512-524.

[5] Yang, H. Y., B. N. Kim, J. H. Yoo and W. J. Kim(2010),
Wake Comparison between Model and Full Scale Ships
Using CFD, Journal of SNAK, Vol. 47, No. 2, pp. 150-162.

[6] Wilson, R. V., F. Stern, H. Coleman and E. Paterson(2001),
Comprehensive Approach to verification and Validation of
CFD Simulations-Part2: Application for RANS Simulation
of a Cargo/Container Ship, “ASME Journal of Fluids
Engineering, Vol. 123, pp. 803-810.

AaAEFYd 20149 4¥8 1Y
QA 20149 072 308 (12D

2014 089 199 (22
AAEAL - 2014 08Y 27

- 425 -



