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Numerical Study for Motions of an Ocean Floater with Sloshing Effects

HyunJong Kim

Department of Mechatronics Engineering, Graduate School,

Pukyong National University

Abstract

The sloshing of a liquid inside-an ocean floater is caused. by external disturbances due to
waves. To analyze the impact of sloshing within and on the floater; a coupled analysis meth-
od is used. The results of earlier research shows good agreements with. large scale phenom-
enon such as ship motions by sloshing and linear. sloshing behavior. However, the wave ex-
citation method based on potential theory is not a good option to consider separation of
break waves on a rigid body. Also, this method show difficulties in analysis of surface flows
and violent sloshing because they use simple multi-phase model and moreover| turbulence in-
fluences are not considered. ‘Hence, in this study, the Volume of Fluids (VOF) method is
used to analyze the multiphase flows of a strongly nonlinear sloshing problem in a cylin-
drical and a rectangular tank using three dimensional Computational Fluid Dynamics (CFD)
techniques. For accountability- purposes, the results of this-study was compared with that of
the earlier research - with many-multiphase-models such as the inhomogeneous multi-phase
theory based free surface model -and the mixture model.: Two theories — the linear wave
(Airy Wave) and the nonlinear wave (Stoke’s 5th order wave) — were used to create the dis-
turbances for the floater.

In the results, the sloshing phenomenon in the floater is visually shown with change in fill-
ing rates through unsteady calculations and the motions of the floater with sloshing influen-
ces are shown with time history. The comparative results of the multi-phase models shows a
constant periodic trend, both experimentally and numerically, even if under violent sloshing.
Also the comparison matches visually. The pressure of each periods are approximately
1500pa. The maximum pressure values of numerical results for each period is 5% to 10%
higher when compared with the experimental results. The results of the rectangular tank

shows linear sloshing phenomenon. The pitch motions of periods are twice higher than the



other cases at 75% filling case. The results of the cylindrical tank shows a maximum dis-
placement of pitch motion at 0.15 radian for the 30 % filling case and also the pitch mo-
tions are twice higher than the other cases. The 60% case has the most active displacements
for the heave motions. This confirms the non-repeatability of the floater motions due to

sloshing phenomenon and waves.
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h is 12cm, amplitude A is 5em and o is 4.83s L. (a) experiment, (b)
CCUP/CIP-CSL3 model, (c) the F model and (d) the M model.
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Fig. 2-3. Temporal variations of sloshing phenomenon in 2D
tank. h 1s 25cm, afnplitude A'is Bem and o is 483 sl (a)
experiment, (b) CpUP/CIP;CSLS model, (¢) the F model and (d)
the M model. :
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a9 3-12 I B ZYE YE U 9t} aT amplitude,
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< =26 (3.14)

3.2.1 Stokes 5" z} ¥ o] 2] WA
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B Ao A= J. D. Fenton[23]el 98 Al otd w425 AL
A, <A He neE AB15)% Ze]l Ho HT o7 ke

T (wave number)E 97| 3tH k+ 2n/L 2 AojH )

5 o

n="Fk 'le+€By —€ (B + By )cos (8)+ (€B,, + €' B,,)cos (26)
+ (=€ By, + B, )cos (30) + €' Bycos (40) + € B;.cos (50)] (3.15)

o714 6=k(x=ct)elg}. A+ Biyx= do L9 FAYE 5ol
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1 1/ % ¢ = (eA,; + €A, +€ Ay, )cosh (kz)sin (A)

&
+ (2 4,, +€'A,,)cosh (2kz)sin (26)
+ (¥ Ay + € Ay ) cosh (3kz)sin (36)
+ €' A, cosh (4kz)sin (40)
+ € Agscosh (5kz)sin (50)

(3.16)

A7IA AT Co & Ay doF LY Fx39 groltt (Appendix A
). BN £ 24EL 23165 FI A= 2H o2

7ol AAE,

1 (&= Bl . a¢
a\y 1 a\ 8@—;:]16 a, cosh (nkz)cos (nd)n A (3.17)

o714 T3 O=k(x-—ct), 9.0/dx= = ko|BZ FHMIE &L
1 [k 5y

— A/ —u= Ze a, cosh (nkz)cos (nf)n (3.18)
CO g n=1

FAE PROR FED FHUY S5 vE A (319)3 2ok
L”Sv Ze a, sinh(nkz)sin (nf)n (3.19)
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of Frt. A7IM T a> (32009 2T

a, = A, + 62A31 + €4A51
ay = Ay + €A,
ag = Ags + €2A53

(3.20)

ay =Ay
a5 = Ass

S8 o] tpS I 72 HAF A 2 (dispersion relation, 2] 3.21)

(3.21)

o714 Co, Cop Cimpdel Lo -2k F<poltt (Appendix A 3

z).
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(4.1)

(4.2)

= L (4.3)
"I max(agw, SF) '

(41) ~A3) A Yo+ Bx S P, Fy, By v tha3 2ol 3

olsht},

. [ 9y
P.=min Tij%,loﬁ* kw (4.4)

J

Vk  500v

Brwy’ wa

4o,k 1)
max( , 5 w } (4.5)
CD,,y

= tanh{{min
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2vVk  500v

F, =tanh ,
? B*wy y2w

H (46)

max(

(45)24¢] BxwA4g24 D, = e 7ol et

CD,, = maX(QprQ% 85 ow ,1010) (4.7)

4D, U2 AS o, B, o, o, Thar el ARBAA 2 (4.8)°

9/]“:5]] Aﬂi% ;tﬂv/:': a3, 637 013, Oy = ﬂﬂ]%q

ge s 2.

rlo

z7] AT %k

==

o, =044, B, = 10"

8,=0.0828, o0, =085, o0,=1,

fr=—— (4.9)
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Fig. 4-1. A rigid body has six degrees of motion surge(l),

sway(2), heave(3), roll(4), pitch(5), and yaw(6)
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I =m. x(a*+b*)/12 (5.4)

Iyy =m, X ((12 +02)/12
I =m, x(*+c*)/12

Rigid Body

Fig. 5-2. Analysis domain with boundary conditions.

_32_



AP U Al Aol 2wk AbZF 25%, 50%, 75% A A sk
ekl a AR WA okade] NS 128 7Hgasit &

Ao AbgE Ax= AE AAA 9l Hexagonal AAS ALE 3o

w ok 9ORM/) =9 {5 S AER FAE gt 7)Y A
A= 1 atm, 25C, €5+ 1185 kg/m® = AYada, o dr=
998 kg/m’, A#r HWHE No-slip =7, 9% =vjel HHALS

Free-slip &271& FAth. 19 5-29F #o] $IH Openning &
FAaL, 7]k (atm)e AR s AT Outlet> o hHxzolH

Inlet 2742 Ay} o229 &% WS FUSH, Time step

A
o

1/1000 s = A5ty

_33_



5.2 A}/Z4d B&A x84 A7

521 Azt & F-FA AE R 7HAE

o

Ho
2

109 525 9% e Qe BE RRAY $ES Y
S A mARAT (@F AAF 26% ATolH, (b9 Ok 4
b 500, 75% AAE Aot vEe SEuyz g W
A 2AdA sel FEE oF 03 msz YT Jow 24

3]

=
Aol sl el Fejst Wase AL BB T % A A4

—{o

oF 135715 Ul YAtk O™ 5-3 (a)oll A HAzF 25%d o ¥
#1+= 0.029m, 50% <L~ 0.04m. 75% 4w 0.023mE Holw 50%
AgollA "7 b E 4 g g5 vk vl Pitch &
£ 25%Y AF WY+E 0.03 radian, 50%Y @ 0.023 radian,
75%Y @ 0.09 radianol™ 75% HAE A 7+ AW, oE
73 Btk F717F 28 dojxl A& &2l Atk ol& 5% A A

< o, g o iyl FRA AAFHe] A JEUE dAL
2 #AdHH, Heave -8 XU Pitch +%°] o & A$E Ht 3

o Auges s AL 9 89

_34_



Water 30s
Velocity ”

—
0.40
[ 0.36
- 0.32 | E
- 0.28 '
- 024 E e
L 020 |/
—
e

- 0.16

- 0.12

0.08

0.04

0.00

i iy 1 ilianon - ' . =
o M
St .

Fig. 5-2. Visualization of rectangular floater motions with
sloshing (a) 25% filled cases, (b) 50% filled cases and (c) 75%

filled cases.
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Fig. 5-3. Dynamic behavior of rectangular floaters in (a) heave
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Fig. 5-4. The time history of sloshing in rectangular tank and

velocity fields at free surfaces at 25% filled cases.
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Fig. 5-5. The time history of sloshing in rectangular tank and

velocity fields at free surfaces at 50% filled cases.
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Fig. 5-6. The time history of sloshing in rectangular tank and

velocity fields at free surfaces at 75% filled cases.
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Fig. 6-1. Nomenclature of cylinder for calculating filing rate.
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Fig. 6-5. Visualization of cylindrical floater motions with
sloshing (a) 30% filled cases, (b) 60% filled cases and (c) 90%

filled cases.
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