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Abstract : Marine accidents due to a loss of stability, have been gradually increasing over the last decade. Measures must be taken on the roll
reduction of a ship. Amongst the measures, building an anti-roll tank in a ship is recognized as the most simple and effective way to reduce the roll
motion. Therefore, this study aims to develop a computational model for a U-tube type anti-roll tank and to validate it by experiment. In particular, to
validate the developed computational model, the height of the fiee surface in the tank was measured in the experiment. To develop a computational
model, the mesh dependency test was carried out. Further, the effects of a turbulence model, time step size, and the number of iterations on the
numerical solution were analyzed. In summary, a U-tube type anti-roll tank simulation had to be performed accurately with conditions of a realizable k-¢
turbulence model, 107s time step size, and 15 iterations. In validation, the two cases of measured data from the experiment were compared with the

numerical results. In the present study, STAR-CCM+ (ver. 17.02), a RANS-based commercial solver was used.
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1. M 8 2]+ ART(Antiroll Tank: 358 7+ B=1)7} g4 ot}
(Bhattacharyya, 1978).

Mure] PEQ BP9y Fel o3 sPAtury Frp  ARTE AFTEIA Uingesn Iid 5 gl 4%
(KMST, 2019)3t3L 9lo] Al A7+e 9)ak asba el wpote] Al wel s sed o= 273 4 Stk ART=
Aesith 9y 4 dEL A7 AXE WA ABilge Sw AAWCR 7 Feje} Faets] dEein, 5d
Keel), A}0]Z 251 (Gyroscope Stabilizer), EF(Rudder Action), Al ~ 78-7- &80l $lo] F7} Hlgo] wAstA] &= Zo] 3ol
E Zal(Jet Flab), 352 B I(Roll Tanks), F(Fin) S¢] Qo ok 22k AA W 33hE AA st = &5 A AF
U w AdAntes A Tk Qlo] AE e Aol vhwd W AR FAFHo BT 5 Slv= @il vk 59,

ART®] ¥% w2 HAe & (Slamming)©] LAY dh= 7
%, ARTS] BE R Az Eabsk FAT gashs Aol w
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Ast7] wioll, ®Ae] ol AA7L ok Fad Ao
RS

ART #& A+ A B4 ¥l X (Motion Bench) =+ B
= ¥ (Motion Platform)S ©]-83 A3} QA s o &
FAEA AFE w9

%719l ART 9+ A& (Frahm, 1911; Vasta et al., 1961;
Bosch and Vugts, 1966; 1966; Field and Martin, 1976;
Webster et al., 1988; Ikeda and Yosiyama, 1991; Bass, 1998; Lew
et al, 2003)°] F=FE °o|FJa, FAiHste] Bz ALY
58 FA Ndom FAEA 7S A8 AT &
wa] 8w

Yamaguchi and Shinkai(1995)% -3F _]-1"&:
H 3]

Stiger,

(Finite Difference
Method)< ©]-&-3to] 723} F U-FH T AT+E TIP3}
oo}, Ad e vjw AZo= Ao o]—M_T’_, Zong et al.(1998)
2 32 4 ¥ (Finite Element Method)S- ©] &3} 2219 U-§+
Eﬁg ART A5 FP3 om, & Ao Hilaa o=
7 2ol Ha3¥S 93t Kleefsman(2000)-> ComFloE
o]%s}oq U-F B3 ART 4] VOF(Volume of Fluid) 7] &
Z]4-319] MARIN 2 ¢ Z 3KField and Martin, 1976)¢} W] ul 7
Z33k,

Hashimoto(2010) U-+23 ARTo| MPS(Moving Particle
Semi-implicit) 7]'HS 4835t A F a0l v X+= axE A+
3} 3L, Kim and Lee(2018):= MPSZ o] &3&lo] AH-+m3
ART7} 35 Q0 nx = 93-S A7) Souto-Iglesias et
al. (2004 A-H5APT U-FHFo] TAld A8H CY
ARTOll SPH(Smooth Particle Hydrodynamics)® < %]-83}o] 2
3 Aol vjal HFskql

Kerkvliet et al.(2014) RePRESCOE ©]&3}o 2219 2 3%}
A U-FEF ART Al E#H ]S F33te] MARIN 23 23}
(Field and Martin, 1976)¢} W®lal HZFZS S35 om,
Bernal-Colio et al.(2021)<> OpenFoams ©]-83}4] Souto-Iglesias
et al.(2004) 7ol 283 CH ARTE o]-&3&lo] a4 7|HS
7HH‘<>W A3 Aol nlalskich

FL
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o

A FHstel Al e Al
ART7} ““M?l% EHE 9 HHE S48 ASH F, o

5 o] &sto] e A3

T FHte

e 2457 HEH A

T FAWsA BEs= AT o

Al 2 AT A= ART
A

21 Q7= E

2 AFoM = U-FH3E ARTE ’\}40“3]'030“1 P
Fig. 19 2 A& Table 1] YERNRITE ¥ ARTE 53
el A48 ZHE(\ = 13500/806)< 16750]@ 2
|8 FZAA =L Fig 29 2}

Fig. 1. Target structure, U-type ART.

Fig. 2. Coordinate system.

Table 1. Principal dimensions of ART model

l h b s d a
(mm) (mm) (mm) (mm) (mm) (mm)
806 230 149 179 51 98, 130
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Fig. 3. Boundary conditions for the open case.
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ART ® -] A FHS a0 =
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* Base Size

* All: 16% of Base Size

* FS-Coarse: 1.0% of Base Size
* FS-Fine: 0.5% of Base Size

All

o oMy 2 =

FS-Coarse

FS-Fine

Fig. 4. Example of a generated mesh model.
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Fig. 5. Free surface profile for the mesh model.
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Table 2. Conditions of mesh convergence

Mesh Size Meshl Mesh2 Mesh3 Meshd  MeshS
Base Size, B 4, 250 200 175 150
(mm)
All .
% of B) x-, y-, z-axis = 16.0
FS-Coarse X, -, zaxis = 1.0
(% of B) e :
FS-Fine x-, y-, z-axis =0.5
(% of B) Rl '
No. of Mesh
(Million) 0.37 0.61 1.15 1.71 2.63
Generated
Mesh Model

A A7 e

& A

ry

@ =15 T=11.707s, a=130mm

Mesh5
Mesh3 Mesh4

Mesh1

No. Meshl Mesh2 Mesh3 Mesh4 MeshS

No. of Mesh|370,839 608,994 1,149,446 1,708,840 2,631,879

Peak Value (mm)

Generated
Mesh Model

0 0.5 1.0 1.5 2.0 25 3.0

Number of Mesh (10)

Fig. 6. Effect of the mesh model on the peak value.
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2.51
: - SST k-0
249 4 i g - RSM

s Realizable k-

247 1

245

Free Surface Height (mm)

2.43 A
2.41 & . . . . - \
19.80  20.00 2020 20.40 20.60 20.80 21.00 21.20
Time (s)
Fig. 7. Free surface profile for turbulence models.
Table 3. Conditions of turbulence model
™1 ™2 ™3
Turbulence Model Realizablek—e¢  SST k—w RSM
Wall Treatment Two-layer Blended Two-layer
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Fig. 8. Free surface profile for the time step size.
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2.30 T T N
0.1 0.01 0.001 0.0001

Time Step (s)

Fig. 9. Effect of a time step size on the peak value.

Table 4. Conditions of time step size
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Fig. 10. Free surface profile for the number of iterations.

Iter2 Iter3 Iter4 IterS
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Peak Value (mm)
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5

2.401
No. | Iterations
Iterl s
Iter2 10

2.351 Iter3 15
Iter4 20
Iters 25

2.30

0 5 10 15 20 25 30

Number of Iterations

Fig. 11. Effect of the number of iterations on the peak value.

Table 5. Conditions of the number of iterations

dtl de2 dt3 dt4 dt5

Iterl Iter2 Iter3 Iterd Iter5

Time Step Size (s) 0.020 0.010 0.005 0.002 0.001

No. Iterations 5 10 15 20 25
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Validation of CFD Model
50.077 Open Case O O O Exp
1e=-+5 e e 0 'é"F‘;;R““ Angle (%)

S | Em—= CFD-Roll Angle (@)
O—E—£ CFD-Free Surface Angle (6)

t(s)

|~ 149 |

Free Surface Height (mm), Angle (deg)

-40.0— = i

N 9Renrn l

-10.0—

{51mm

Fig. 13. CFD and experiment comparison in open case.
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i
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Fig. 12. Motion bench experiment with U-type ART model.

Table 6. Conditions of the U-tube Type ART simulation

™1

Mesh Model

Mesh3 (B=200mm)

Turbulence Model

Realizable k—¢

Wall Treatment Two-layer
Time Step Size (s) 10%(0.01)
Number of Iteration 15.

Table 7. Conditions of U-tube type ART experiment

Condition o () T (s) a (mm)
Open +5.0 11.360 98.0
Closed +5.0 11.707 130.0

Validation of CFD Model
10.077 cigsed Case O O O Exp
Te=+5 @® @ @ Exp-Roll Angle ()
CFD

Free Surface Height (mm), Angle (deg)

-8.0 ]

-10.0—

————— CFD-Roll Angle (@)
O—E—£ CFD-Free Surface Angle (6)

[ 140w |

| {5 1rrem

Fig. 14. CFD and experiment comparison in closed case.
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