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Abstract

To study the influence of the vortical flow around a ship on the hydrodynamic forces and maneuvering
performance, PMM tests are simulated by CFD with local grid refinement method. It is confirmed that the
local grid refinement method is effective for computing the detail of vortical flow and also the refined grid
gives slightly better hydrodynamic forces than the original grid. All hydrodynamic derivatives and
hydrodynamic interaction factors required for the maneuvering simulation are calculated from the present
CFD results and simulations of zig-zag tests and turning circle tests are performed by the MMG model with
the obtained derivatives and interaction factors. The simulation results show reasonable agreement with the
experimental data. In order to improve the accuracy of maneuvering simulations, it is considered that
discrepancies of some hydrodynamic derivatives and hydrodynamic interaction factors between CFD and
experiments must be reduced. By utilizing the obtained knowledge, free running tests are directly simulated
by CFD. The CFD simulation results are compared with free running test results and the usability of this
calculation technique are confirmed. It is confirmed that this calculation method makes it possible to estimate

ship's maneuvering performance easily and quickly.
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Fig.1.1 KVLCCI1 simulations of 35 deg turning circle to port side (F. Stern, et al, 2011)
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Fig.1.2 Vortical systems around the ship hull at f/=12° (T. Xing, et al., 2012)
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Fig.1.3 Meshed fluid domain with boundaries labelled for dynamic simulation (R. Shenoi, ef al., 2014)
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Fig.1.4 Computational grid in the stern vicinity (N. Sakamoto, ef al., 2014)
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Fig.1.5 Streamwise flow velocity at A.P. (a) full scale; (b) model scale with ship point; (c) model scale with
model point (M. Araki, et al., 2014)
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Fig.1.8 Comparison of Zig-zag test (N. Sakamoto, ef al., 2015)
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Table 2.1 IMO criteria for zig-zag test

Test Criteria
<10° ( L/U < 10sec. )
Ist OSA <5°+0.5L/U ( 10sec. < L/U < 30sec. )
<20° ( 30sec. < LU )
10/10 Zig-zag
<25° ( L/U < 10sec. )
2nd OSA <20°+0.5L/U ( 10sec. < L/U < 30sec. )
<35° ( 30sec. < )
20/20 Zig-zag Ist OSA <25°

-20-




2.2.7 35 Turning Circle 0 O

godogooobobobbbb, Db bbbbbobb, 000U ooOod
ODOO0000000.35Turning Circle 0000000000 OO0OODODOO.

() DODODoOOobObobObObOb00O, dddddooooogog ecooo.

2 DoOobobobobooboono 3s°00d.

3) boObooobobbboboOobO, o000 Yoo go
000000000 (Advance), 00000 0O O (Transfer)D O O 0 O .

@ 000D0O00D0DDOOoOoO, oo0ookec0b0dnooOonDDooOdnDn (Tactical
Diameter)] 0 O O O .

O0000D0000O0000DOO0O0D00.35Turning Circle0 000000 O0OOO Fig.2.300
0.

4
Tactical Diameter
Transfer X
3 L
3 2
a
S 3
- <
1
[ |
-1 1 2 3 4

-1
yo/L

Fig.2.3 Track of 35 turning circle test

ODO0O000000D0O0 Advance 0 Tactical Diameter DO OO0, IMOODOODOOOODOOOO
OO0000O0000. 000 Table2.2000.

-21-



Table2.2 IMO criteria for turning circle test

Test Criteria

Advance < 4.5L

35 Turning Circle

Tactical Diameter < 5.0L
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3.1 0000

ggobooobooobobooobbooobbooobobboo0bbooobbooo.

00000o00o0oo,MMGOOOOODOO0OODO0OO0DO00D000O000OMMX =X/0.5pLDU%0
O00Y =Y/05pLdU?0, O0OOO0O0O N =N/05pL2d0?0000000 10/10 zigzag 00 00O
OO 2ndOSAOODODOOOO,2ndOSALOODOOO 1° ODD0O00O0 XY, NOODOOOOODOOOO
0.00,00000000NMRIOKVLCC2O000000 ™Y 000000000 cMTOO ™
gobooobooodao.

Table 3.10 KVLCC2U OO DOUOO,Table3.20 00 000O0O0O0O0O. DOOOOoOOoOoonobDOO
gobogobboodobboodno SH-MEDODUOooooboooobooobboooobooo. o
gobogonoD Fig3.1 00O0O.

Table 3.1 Particulars of KVLCC2

Hull Full Scale Model Scale
Scale 11 1/123
Ship Length (m) 320.0 2.5963
Breath (m) 58.0 0.4706
Draught (m) 20.8 0.1688
Ship Speed (knots) 15.5
Rudder Area (m?) 112.5 0.0074
Rudder Height (m) 15.8 0.1282
Rudder Aspect Ratio 1.8265
Ship Speed (m/s) 7.97 0.730
Froude Number 0.142 0.142
Reynolds Number 2.24%10° 1.64 % 10°
Table 3.2 Particulars of propeller of KVLCC2
Propeller Full Scale Model Scale
Diameter (m) 9.86 0.080
Pitch Ratio 0.721
Expanded Area Ratio 0.431
Number of Blade 4
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Fig.3.1 Model of KVLCC2
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Table 3.1 The number of grid points of hull

Grid density The number of grid points
Very Coarse 559,360
Coarse 1,586,520
Medium 4,474,880
Fine 12,692,160
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Fig.3.5 Results of uncertainty analysis of hull grid
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Table 3.2 Results of uncertainty analysis of hull grid (Medium)

Y N’
Sy (Very Coarse) 1.81554E-02 | 9.49154E-03
Solution S (Coarse) 1.81462E-02 | 9.29077E-03
S> (Medium) 1.81415E-02 | 9.15954E-03
Solution change £43 9.200E-06 2.008E-04
€37 4.700E-06 1.312E-04
Convergence ratio Rg 5.109E-01 6.536E-01
Estimated order of accuracy DRE 1.938E+00 1.227E+00
Distance metric to the asymptotic range P 9.690E-01 6.134E-01
Error estimate ORE 4.909E-06 2.476E-04
Uncertainty estimate for FS method Urs (%S,) 0.044% 5.214%

Table 3.3 Results of uncertainty analysis of hull grid (Fine)

Y’ N’
S3 (Coarse) 1.81462E-02 | 9.29077E-03
Solution S, (Medium) 1.81415E-02 | 9.15954E-03
S, (Fine) 1.81400E-02 | 9.13462E-03
Solution change £37 4.700E-06 1.312E-04
&1 1.500E-06 2.492E-05
Convergence ratio R; 3.191E-01 1.899E-01
Estimated order of accuracy DRE 3.295E+00 4.793E+00
Distance metric to the asymptotic range P 1.648E+00 2.396E+00
Error estimate ORE 7.031E-07 5.844E-06
Uncertainty estimate for FS method Urs (%S1) 0.004% 1.568%

yoooOoOO Medum OOOOO0O000 0044%0000000. NO Medium OO0QO0QOQOQOQO0O
5214% 000,31 000000000000.

o000 oooooo. bbo, 00O
o000 UUUOg.. bo oo
;,k00000000000200000008000 180000, 00000000005000
1200 00,4 000 Very Coarse, Coarse, Medium, FineO O OO OO OOO. OO0O0O0O Table3.400
0.

O0Od s 00o0o0o0oo0ooobobibo00 Fig3.6, Table3.500 Table3.6 000 .

Table 3.4 The number of grid points of rudder and grid points of rectangular

Grid density Rudder Rectangular
Very Coarse 81,600 53,176
Coarse 225,792 147,456
Medium 652,800 425,408
Fine 1,806,336 1,179,648
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Fig.3.6 Results of uncertainty analysis of rudder and rectangular grid

Table 3.5 Results of uncertainty analysis of rudder and rectangular grid (Medium)

Y N
Sy(Very Coarse) | -1.13321E-03 | 5.14091E-04
Solution S (Coarse) -1.14865E-03 | 5.20474E-04
S, (Medium) -1.15860E-03 | 5.25319E-04
Solution change €43 1.544E-05 -6.383E-06
€32 9.950E-06 -4.845E-06
Convergence ratio R; 6.444E-01 7.590E-01
Estimated order of accuracy DRE 1.268E+00 7.956E-01
Distance metric to the asymptotic range P 6.339E-01 3.978E-01
Error estimate ORE 1.803E-05 -1.526E-05
Uncertainty estimate for FS method Urs (%S,) 2.975% 6.134%
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Table 3.6 Results of uncertainty analysis of rudder and rectangular grid (Fine)

Y N
S (Coarse) -1.14865E-03 | 5.20474E-04
Solution S, (Medium) -1.15860E-03 | 5.25319E-04
S, (Fine) -1.16560E-03 | 5.27734E-04
Solution change €32 9.950E-06 -4.845E-06
£ 7.000E-06 -2.415E-06
Convergence ratio R; 7.035E-01 4.985E-01
Estimated order of accuracy DRE 1.015E+00 2.009E+00
Distance metric to the asymptotic range P 5.073E-01 1.004E+00
Error estimate ORE 1.661E-05 -2.400E-06
Uncertainty estimate for FS method Urs (%S)) 2.877% 0.761%
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goddddddoooooooooooooo,o,bbbbbbbbbbosconbbbobooon
doddddooooooooon.
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Fig.3.7 Visualization of vortex structure in pure swaying condition (sway=0.3m, period=10sec.)
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Fig.3.8 Sketch of overset grids

Table 3.7 The number of grid points

Grids ix jx k
Hull 921,600 72x 64% 200
Rudder 163,840 40%x 64x 64
Propeller 8,192 32x 32x 8
Rectangular 147,456 64x 48% 48
Grid Refinement 1 245,760 320%x 24x 32
Grid Refinement 2 245,760 320x 24x 32
Grid Refinement 3 245,760 240x 32x 32
Grid Refinement 4 245,760 240x 32x 32
Total 2,224,128

Standard D 0 OO OO OO 3200000000000 00OL00O00OO0ODOLDOOO0OOLOObDOOO, OO
OO0 Refinement D 000000000 MediumUOODOOOODOOOO0ODOOO0O0DOOO Medium
godbobooobbooobbooobobiooobb. MediumO OO Standard 0D OO0 0O O Fig3.90
oo.
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0300000000000 C0O0DO0 pPMMOOODOODOOO,ODO0OO0MMGOODOODOD
godddd, bbbl dgg. o, bbbbbbbbbobbboboOobDOO0
gobooobbooobboobobboooooboa.

41 0O0O00O

gbobooobboodbobboodobuooobbuooobboobobbOoob kveee2o oo,
SHIMEOOOOO pPMMOOODOOOOODOOO,CFDOOO SHIMEOOOODOOOOODO
112300 000000000000. 00000000000 Table4.100 Table4.200000.

Table 4.1 Particulars of KVLCC2

Hull Full Scale Model Scale
Scale 1/1 1/123
Ship Length (m) 320.0 2.5963
Breath (m) 58.0 0.4706
Draught (m) 20.8 0.1688
Ship Speed (knots) 15.5
Rudder Area (m?) 112.5 0.0074
Rudder Height (m) 15.8 0.1282
Rudder Aspect Ratio 1.8265
Ship Speed (m/s) 7.97 0.730
Froude Number 0.142 0.142
Reynolds Number 2.24x10° 1.64 % 10°
Table 4.2 Particulars of propeller of KVLCC2
Propeller Full Scale Model Scale
Diameter (m) 9.86 0.080
Pitch Ratio 0.721
Expanded Area Ratio 0.431
Number of Blades 4
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43 0000

MMG 00OODOOOOOOOQOOOOO cPDOOOObOODOOD, 3300000 Grd
Refinement U O OO Standard D OO0 DO DOOOODOOOOO PMMOOOODODOOOOO. PMM O
gobogob,biodd, bbooubbooobO Staticd OO Pure Swaying O O, Pure Yawing
U0, 00000 YawingUUO O UOUOO DynamicUOOODOOOO. OODOOO Table 43 00 Table
44000.

Table 4.3 Calculation conditions for static test

Kind of Test Load Condition | Drift Angle § (deg.) |Rudder Angle 6 (deg.)
Model Point 0 0
Self Propulsion -
Ship Point 0 0
-20, -15, -10, -5
Model Point 0
0, 5,10, 15,20
Rudder Angle
-20, -15, -10, -5
Ship Point 0
0, 5,10, 15,20
-20, -15, -10, -5
Drift Angle Model Point 0
0, 5,10, 15,20
Rudder Angle . 5,10, 15, 20 10
] Model Point
+ Drift Angle -5,-10,-15,-20 -10

Table 4.4 Calculation conditions for dynamic test

Drift Angle Sway Yaw Rate
Kind of Test Load Condition )
p (deg.) Amplitude (m) r’
] 0.10, 0.15, 0.20,
Pure Sway Model Point 0 0
0.25,0.30
0 0.05 0.10
0 0.08 0.15
0 0.10 0.20
Pure Yaw Model Point
0 0.13 0.25
0 0.16 0.30
0 0.55 1.00
-12,-8 ,-4
Yaw + Drift Angle | Model Point 0.10 0.20
0,4,8,12
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Table 43 DO OO0 Dynamic 000000000000 O0O0COOO 10 0000. Pure
SwayingO OO DOOOOODO0OOOO0OODODOOOODOOOODO 156° OD0O0OO. 3° 0000
ooobor01000000000D00D00O00O, PureYawingODOOGOOO »'0 10000000
gboo.obobooobob11000 20000, 00000050000,

Table 4.3, 440 00000000000000C0O0O0O0O0O0O0ODO0ODOO. StaticOOOOOODO
gogoooobooobooboo, bbb obbobbbbo0oooUo oL bDbboooa
0.000 StaticOODOODOOODOOODOODO1.0e-5000000000000DO00O0O0ODODOO
OO00oO0OoQ0.ShipbPoint 000000000000 DOODOOODOODOD Fig4.3 00O0O.

—dp/dt —dwdt —dv/dt — dw/dt
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1.00E-06
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Fig.4.3 Residuals of CFD calculation at self propulsion test (Ship point)

Fig. 43 000000000000 0DLDO0ODO0ODO0ODOODOODO, D 0DbOODbDOO
gogobooobbuooobbuooobbooobobuooobboon.

Static OO OO0OO0OD0OOODOODOOOOOO, DynamicO0OD0OO00O0O0O StaticOOOOODOO
OooooooOoobD.SwaydO 0.3mO0000000 Fig4.4 O00O0O.

-44-



—dp/dt —dw/dt —dv/dt —— dw/dt
1.00E-02

1.00E-03

1.00E-04

Residuals

1.00E-05

1.00E-06
1400 1500 1600 1700 1800 1900 2000

Step

Fig.4.4 Residuals of CFD calculation at pure swaying test (sway=0.3m, period=10sec.)
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Fig.4.5 Time history of moment in pure swaying condition (sway=0.3m, period=10sec.)
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Fig.4.8 Comparison of moment around ship hull in pure swaying condition (sway=0.3m, period=10sec.)
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Fig.4.10 Comparison of yaw moment in pure yawing condition (»'=0.3)
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Local Grid Refinement Method 01 0 O 0 Standard OO0 O OO0 CFDOOOOOO, DOOOOOO
00 000 CFDOO0O0OO0OOOD. 000000000000 OOOOOODO, O00oon.

4.6.1 O0O0OO

ggboboogoooMvMGgOOUOOODbOOOOODOOO Table 45000. DO0QOOoQoooO
gobobbboooouobbbbidddxiobbbbboodobDbbboouUuUeo
U0D000D0DOl-% 1+ey, x,00000, OO0OO0DOOO0ODOOOOODOOOLO, OO0 p
gobogoboodbob. bbb bbuooobbouodywobbd, Dynamic DO OO
gobodgoboodbbooub ro0bbbOO0ObbO. xkUebbOoobbbooobboOoO
gobooobboobbbobuexbd 0 0000000 »wx00D0D000O0DLD0O0O0ODO x0 ¢
00000000000000. 00,x00000000 »,0000000*®00000. 00

0000000000000 NMRIOOOOOO CMTOO 00000,

OO0 NgUOCFDOOOOOOOO02000% 0000000000000, 0000000000
gobogobooodbssggobuoooboo, oobbooobbooobboooob. boon
g 100s0o0dbbogooobd, ggobdg2b0b00dbobooob, boooboboooboobog.

Table 45 0O O00O0O0O0OO0OODOOO0OO, D000b0O00OO0O0DbO0OU0bODbUOOUObDbDOOn
Uodd xkywaey]0000OOOOOOOOOO0O.

Table 4.5 Comparison of hydrodynamic force coefficients
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CFD CMT Error CFD CMT Error
(NMRI) (NMRI)
K -0.025 0.507 -105% Y's 0.3161 0.3123 1%
E 1.451 1.056 37% Yi-m's 0.0457 0.0587 -22%
yr () 0.700 0.557 26% Y a8 0.9226 1.4447 -36%
(-) 0.384 0.340 13% Y spr 0.2495 0.2252 11%
1-tg 0.677 0.772 -12% Y pr -0.0200 0.3912 -105%
an 0.202 0.442 -54% Y 0.0124 0.0083 49%
X'H -0.321 -0.390 18% N'p 0.1262 0.1375 -8%
X0 -0.0202 -0.0212 5% N, -0.0346 | -0.0476 27%
X'pp -0.0456 -0.0372 -23% N psp -0.1120 0.0049 -2386%
X'p-m’y -0.2109 -0.2230 5% N ppr -0.2163 -0.2931 26%
X'rr -0.0105 0.0107 -198% Ng 0.0102 -0.0544 119%
X s 0.6182 0.7021 -12% Ny -0.0143 -0.0136 -5%
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Table450 0000000000000 00000000000000000O00O0OO00O. OO
00000000000000000000000000000000. 00000000000
¢y 00000000000000000 ?® 00000, 00000000000000000
0000000000000000000000. 0000000 Fig4.110, 0000 Table4.60
00.00, Fig4ll 00000000000 O000O000O00O0O0O0, 0000000000
00000000.00000,0000000000000000000000. 00,0000
0000000000000 x00000 0000 15%000000000000000000
000060ommOO00000. 000000000000 D0O00O0O0O0OO0O0DOOO0OOO0O0,
0000000000000000000000000000000000000000.

Fig.4.11 Comparison of rudder grids and horn grid

Table 4.6 The number of rudder grid and horn grid

Grids iX jx k
Rudder 165,888 72x 48% 48
Horn 41,472 36x 36x 32

ugboboooooooobog-20020° 00000, eq,0000000O00O Fig4.12 OO Table
47000.
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Table 4.7 Comparison of rudder force increase factor (ay)
CFD CFD (Rudder separated
(Rudder including Horn) from Horn) CMT (NMRI)
am 0.202 0.281 0.442

Fig4. 1200000000000 I+ay000.ay0 020200 02810 40%0 000000000
gobobooobobododg. gbob,NMRID CMTOOOOOOOO ey 0442000000000
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ggboo,ogobbooooo.

-52-




463 kUU0DO0O0OO0OOOOOOOOODOOOOO

Table450000 quUO0000O CFDUOOODODOUOOODOOUOD »xU0DbDOOOO0ODOO.CFD
gdbbibdxboobbooobtbod.xbodbbooobbooobboobDbboobo,
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U Fig4.13000.Fig4.1300000 Model Point D DO OO DOOO0OODOOO,«x0000D0OO0O
ggoooa.
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Fig.4.13 Comparison of velocity X at A.P.

x,e0ODOODDOOOO(-w,)0OODODO, 000000000000000000OOO0O CFDO
000000.000000000000000000000000000. Fig414 000000
0 Win O * O PIV(Particle Image Velocimetry)d 0 00 000 OO CFDSHIP-IOWA O OO O CFD O
00000000000. 0000000000OoOoPVOOOOOO0OO0OO0OOO0O0O0O000.
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000000. 00000 Table4.8000.
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(a)

(b)

Fig.4.14 Comparison of wake flow field at x/L=0.48
(a) Present CFD (b) CFD and PIV comparison (Win et al.)

Table 4.8 Comparison of 1-¢, 1-w,,,

1-t I-w,

Model Point| 0.811 | 0.592

CFD
Ship Point | 0.799 | 0.489

Rudder Force Test |Model Point| 0.847 | 0.527

(SHI-ME) Ship Point | 0.864 | 0.475

goodoooobod w0000 cPDUObOOO0OO00OO0OO0O0O0OO0OOO000O000. 0000000
ggoobooooodoobbbuoooobbboodobbbooobDbLbboooLobLbboood
god.obobooobobooooobob 3 bbb booobbbooobbbooobDbboobnboo
oo, booocobodoboooooboobooooboooooboooooooboo,obd 1-w,00
gobobooobbuooobbuooobboooooo.

k, eUO0DOOO0OOOOOOODOOO, 0bbooobbooobbooobLbbooob pmMOO
gckrbbOoboood, gboobooobooboooooog 1w, 00000000000004d

U UULbLD . oo, 0000000 UUU g
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oobodooceUbon 1-w,000000000000, 00000 1-w, 000000000 x, e
gobooobbodbb.bdddlb ke OO Table4oUO DO O.

Table 4.9 Modified x and ¢

K &

CFD modified by 1-w, | 0.238 | 1.256

Rudder Force Test (SHI-ME)| 0.341 | 1.202

l-w,UOOooOooodbdb«o0ooboboooobobooooobo. 0oo,4700000
UobooobobOo0dbobboo0obbO Table450000 CFDODODOOOO ke D0 O0O0O.
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Fig.4.15 Analysis of flow straightening coefficient (yx)

gbboobooboobouoboooooboobobooboobog,ob0ognn. Figdle O
p=20° 00O p=-20° DOOODOOO¢s=0°000D0O, DOO0OD0OO0ODODODOSCcHOOOOOoOoOOoao
go7ubboodbo+7RUODODOO0O-07REDDOO0ODDOOO0DLOOODDbDOO.

SCH+0.7R DO OO0 OoonoooooD g0 20°0-2000000000000O000O00O0DO0O
gogoboooboooooboog. ob, SCH-07RUODODOOnDbDOO p0O 20°00-20°000
ggodobooboboooo. oo booboobboooooooooDobbobooooooa
og.

-56-



Y

VelocityX
1.

1.

1.

1.

1.

1

0.8
0.8
0.7
06
0.5
0.4
0.3
0.2
0.1
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CFD UOQObOOOooobbooobbbooo MMG OODOOOOObOUOUUOUDDbOOUOODDOO,
gogoboooobo,boodo.

4.7.1 Zig-zag(OQOd

Table4 50000 CFDOOOOOOOOOOOOO0OOOoOooMMGUOOOoooooooono
doooooog. 10/10 Zig-zag OO OO OO 2nd OSAO O OO Fig.4.18 O, 20/20 Zig-zag 0 0 O O
a0 1st OSA 0000 Fig4.19 O00O0O. Figd4.18 OO Figd4.19 D0 OODODODOODOOOODOOO
CFD+tMMG OO 0O00O0O0O. OO0, 00000000CTO : Centrum Techniki Okretowej, HSVA
Hamburg Ship Model Basin, MARIN : Maritime Research Institute Nederlandd [ SIMMAN2008 Part-G *”
gooooon.

Jddddddddddddoooooooog 1010 Zigzag OO O OO 2nd OSAOOOO,
00 10/10 Zig-zag 00,2020 Zig-zagc 0000000000000, OOOODOODOOOODOOOO
0od»oO0oooooooooooooooooobooobooooboboooobobobooon.
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CFD+-MMG _—'
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2nd overshoot angle [deg]

010/10 2nd OSA
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Fig.4.18 2nd OSA in 10/10 Zig-zag test
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Fig.4.19 1st OSA in 20/20 Zig-zag test
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Fig.4.21 Comparison of time histories in -20/-20 Zig-zag test
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4.7.2 Turning Circle O O

+35/-35 Tuming Circle U0 D DO OOO0OOOOODOOO, OO0DOO0O. Fig4.220 AdvanceJ O O
0, Fig.4.23 0 Tactical Diameter [ [0 [0 O O 0 . Advance, Tactical Diameter 1 1 0 0 OO OO OO0OOO
goag.

U000 Tuming Circle 0 DO OOD0O0OO0DOOOOODOOO. Fig4.24 O -35 Turning Circle 0 O O O
goooo.
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Fig.4.22 Comparison of advance in +35/-35 Turning Circle test
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Fig.4.23 Comparison of tactical diameter in +35/-35 Turning Circle test
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Fig.4.24 Comparison of -35 Turning Circle test
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4.8 0400000

0400000000000 Grid Refinement 1 OO Standard DO OO OO PMMOOOODODO
od,oboogoboon.
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2)

3)

Grid Refinement U0 0 OO0 OO0 D0OUOO0OOOOOOOOO0ODLODOOOOOOOO, Standard O
I A A A A o Y I
Standard DO OO QOQOQOOOOOOOOO0O0O0OU0UOOOUOUOoOoObObObObObOOOOU0OgO. gog
Ud, Grid Refinement U0 OO0 O00O0OO00O0O0O0OO0DOOOOO0OOOOOO0DOOOOODLDDOO
ao.

ckDUOOOOOODDOOOOOLOOOO,0DbbOOODbOOODbDDbDOOUODbLD eaybO0O, 0O
ooboooobooooooobobooobod. «, e00000000o, 1w,00000
UOrxeO0O0000O00O00O0OCODOOO.O00,000001w,0000000000040 «,
eoobooobboobbo. oL, bbb booobboobboo
ggooooooooboboboo,bbbbbobd0uoooooboboobobbbboooogg
ygobooobbooo, bbb booobboouobbuooobboooobO. ye
ggoooooobooobobbootboddoooooobooboobo, boobobobbboboooogg
ugoboobooob, bdgobbooobboobobbooobooboo.
ckDOOOO0ODbOOOOobbOoOoobboooMMGUUOUOODODOOODODO, Zigzagh OO O
0d 10/10 Zig-zag 0 00,2020 Zig-zag O U U OO DO OO DOOO0OODOOOODOOOOODOO
0,2020Zig-zag0 000 0O0O0OO00O0O0O0ODOOO0ODOOOOODOOO 10/10Zig-zag OO OO
UodobobobbbbooooouobobobbOod. Tuming Circle 000 O0OOO Advance U
Tactical Diameter U 0 0D OO OO0 OO0 QOO0O0O0O, DOO0O00obObOoooboooboboon
ugoboboodoobooobboono. bbb », e0bbooobbooobbooobboo
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040000000D000COOPMMOCOOCFDOOOO,CFDOOOOOODOODOODODO
goooboooboboodooodooooboboobbbooooooobobobbbbooUUL. oo oo
OOoo0oOockrb0bOO00O0OOOOODO0ODOODOO, 0DO0DbDbOODObOOO.

5.1 0O0O0OO

0000000 CFD 00D0D0D000D0DODODODODOOOOO, 00000 JBC (Japan Bulk
Carrier) 3V OO0 0. Table 51000000, Table 52000 0000000.JBCODOO0OODOO
OO00o0O0obOO00ooOobOoO0bOOo, boob0obo0boooOoooo cCcrkDOObDOODObOOO
OOoOoboOobO. 000000000 Figs.1 obOooO.

gd,jpcobbooodbobooobobuooobbuooo, bboobbboocecrbbooob O
gobooobooobbooo. bbooobboobobooobbOo,04b00o0bbOoOoO
OOooboboooboboboooboboobobobuobooobon, 00O Tokyo 2015 A Workshop
on CFD in Ship Hydrodynamics ** 0 0 0000000000000 000DO0O0 OO Workshop OO0
Oooboboooooboboooboobooooboboooboobo.

Table 5.1 Particulars of JBC

Hull Full Scale Model Scale
Scale 11 1/108.27
Ship Length (m) 280.0 2.5862
Breath (m) 45.0 0.4156
Draught (m) 16.5 0.1524
Rudder Area (m2) 79.5 0.0068
Rudder Height (m) 12.5 0.1155
Rudder Aspect Ratio 1.965
Ship Speed (knots) 14.5
Ship Speed (m/s) 7.459 0.717
Froude Number 0.142 0.142
Reynolds Number 1.76 x 10° 1.63x10°
Table 5.2 Particulars of propeller of JBC
Propeller Full Scale Model Scale
Diameter (m) 8.120 0.075
Pitch Ratio 0.750
Expanded Area Ratio 0.500
Number of Blades 5

-65-



Fig.5.1 Model of JBC
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Fig.5.2 Schematic of free running test
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Steering gear &

Rudder force measuring device

Fig.5.3 Look of ship model under free running test

0000000000000 000O00C0D0O0OO0OO0DOOd Tables.3000.

Table 5.3 Test conditions

Kind of Test Rudder Angle ¢ (deg.) Load Condition
10/10 Zig-zag test -10~10
20/20 Zig-zag test -20~20 Model Point
35 Turning Circle test 0~=x35
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Fig.5.4 Flow of free running test simulation by CFD
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Fig.5.5 Sketch of overset grids for free running test simulation

Table 5.3 The number of grid points for free running test simulation

Case A Case B
Grids ix jx k Grids ix jx k
Base 256,000 80x 80x 40 256,000 80x 80x 40
Hull 864,000 120x 120x% 60 864,000 120%x 120% 60
Rudder 163,840 40% 64x 64 163,840 40%x 64x 64
Propeller 8,192 32x 32x 8 8,192 32x 32x 8
Rectangular 147,456 64x 48x 48 147,456 64%x 48%x 48
Refinementl - - 307,200 300x 32x 32
Refinement2 - - 307,200 300x 32x 32
Refinement3 - - 460,800 120x 160x 24
Total 1,439,488 - 2,514,688 -
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Table 5.4 Calculation conditions for free running test

Kind of Test Rudder Angle 0 (deg.) Load Condition
10/10 Zig-zag test -10~10
20/20 Zig-zag test -20~20 Model Point
35 Turning Circle test 0~ =35
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5.4.1 10/10 Zig-zag O O

10/10 Zig-zagOOOOOD 2nd OSAO CFDOOOOOUODOOOOODOOODOODODOO Table
55 000.00,0000bOO00bOO0CObLO0ObbDO0DbbDUOU0bOObLDbUOODbbOd
Figh6OUOO. D0OOO0O0O0OO0OODOOO0OODODO Figbh700O0.

Table 5.5 Comparison of 2nd OSA in 10/10 Zig-zag test

CFD
Experiment
Case A Case B
1st OSA (deg.) 8.1 5.5 6.1
2nd OSA (deg.) 11.8 10.0 10.9
—— Experiment ——Case A —CaseB
40
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g
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Fig.5.6 Comparison of time histories of d and  in 10/10 Zig-zag test
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Fig.5.7 Comparison of time histories of 7 in 10/10 Zig-zag test
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Fig.5.8 Comparison of time histories of Fyy in 10/10 Zig-zag test
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5.4.2 20/20 Zig-zag 0 O

00 20/20 ZigzagOOOOODO 1stOSAOODODO CFDOOODOOOOODOOO, Table 5.6 0
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Table 5.6 Comparison of 1st OSA in 20/20 Zig-zag test

CFD

Experiment

Case A

Case B

1st OSA (deg.)

12.2

10.7

11.6

—— Experiment
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Fig.5.9 Comparison of time histories of ¢ and y in 20/20 zig-zag test
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Fig.5.10 Comparison of time histories of » in 20/20 Zig-zag test
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Fig.5.11 Comparison of time histories of Fyy in 20/20 Zig-zag test
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5.4.3 Turning Circle 0 O

35 Turning Circle 0 0 0 0 0 O Advance 00 O Tactical Diameter 0 CFDOOODOOOOODODO

000000000 Tableb.7000O.

Table 5.7 Comparison of advance and tactical diameter in 35 Turning Circle test

CFD
Experiment
Case A Case B
Adv. /L 3.20 2.90 2.71
Tact. Dia. /L 2.23 2.75 2.76
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00000000, D00d000dbO00dDO00oOO00oO00oo00oO0oOO0. 00D 4000000
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Fig.5.12 Comparison of track in 35 Turning Circle test
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