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Abstract: During the ship design procedure, the analysis of ship rolling motions is of great significance
because the rolling motions have extraordinary effects on the sea—keeping, maneuverability and stability of
a ship. It is difficult to simulate rolling motions due to the effect of viscosity, which causes many nonlinear
components in computation. As such, the potential theory used for other ship motions cannot be used for
rolling motions. This paper simulates the rolling motions of the DTMB 5512 ship model and the ship
transverse section of the S60 ship model with a naoe-FOAM-SJTU solver using the Reynolds Averaged
Navier Stokes (RANS) method based on the OpenFOAM. The results of rolling motions are compared with
the experimental data, which confirms the reliability of the meshes and results. For the ship transverse
section of the S60 ship model, the damping coefficient is divided into three parts with the Euler and RANS
methods: friction, vorticity and wave parts. For the DTMB 5512 ship model, the damping coefficient is also
respectively analyzed, including the friction, vorticity, wave and bilge keel parts. The results in this paper
show that the vorticity part accounts for the greatest proportion, while the friction part accounts for the least,
and the bilge keels reduces the damping moment to a certain extent which shows the effect of rolling
parameters on rolling motions and moments.
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Fig.3 The KCS ship model

FH T A A X B ASCAE RS v 0 ) T A A
a1 ' 5 ST (T SR 2 < A A N W
~1.0L<x<4.0L , 0<y<15L , -1.0L<z<1.0L .
Do A A B A 108 10°, A i U I A LA B 3 55t 1)
M UE 4 Fr s o

ST i

(a) The meshes of bow

(b) The meshes of stern

(¢) Background meshes

K4 KCSFAMrrits
Fig.4 Meshes distribution for KCS ship model

downloaded from www.ship-r esear ch.com



5520

% RAF Jk T CFD (94 AR FE KBS 0015 R 1 2 o3 B 5

2.2 S60 T

X T2 ST A T LR A TR )
FAE F 5 R 6 EE > AT e, R T S5 A
[7i) %) 0% 280 R 35 TR ——S .60 s 50 fity b 780 5 3] T, S
B EBESHNR 2 R

R2 S6OMEERE
Table 2 The main dimensions of S60 ship model

ZH HfE
M98 /m 0.237
Iz K /m 0.096

HEZK AR /m? 0.017 75

X T i A A ) T R R AL A R Al
o Bl R A 0y O S M ARUR 5 D PO 2R 5 AR
i ) T Lk B K 2R 58 . TSR ST
—25B<y<25B, -2B<z<2B . H4b, i XF % #
P AT T A W SO S AT, A 3 S oy

4x10%, Tx10°F1 14x10*, 18 P& G & 5 s o

(a) Meshes 1(4x10*) (b) Meshes 2(7x10")

(c¢) Meshes 3(14x10%)

5 S60 A — kA F 1T 199 4%
Fig.5 Meshes distribution for S60 ship model

2.3 DTMB 551274

X TF ARSI I 1 B = SRR A Ry il 50t
U5 R AT R L, SR T 5 IR A [R] A A A ——
DTMB 5512 fifi 584, i ) = B2 4000 3 3 i/

T VA A AR A A R LA A R T S B A
6 i

X RS B R R R h O S B E
FER Bt Bl R N T T B s I & R 2 i R 5 7
. AR S —1.0L<x<3.0L ,

#3 DTMBSSI2iEERE
Table 3 The main dimensions of DTMB 5512 ship model

24 Bl
A /m 3.048
i 9% /m 0.409
Iz 7K /m 0.132
T T A /m? 1.397 63
HEK A A /m? 0.083
LA /m (1.524,0,0.03)
“

(a) The bare hull model
P”
(b) The bare hull model with bilge keels
6 DTMB 5512 fiiifbi
Fig.6 The DTMB 5512 ship models
—2.0L<y<2.0L, -1.0L<z<0.5L . & T K iE M
ST T N o N 17 R QT LT -9 i O e o T ol
F& B39O 97.8x 10, 232x 10° Fil 646x 10, Hi o,
232x10" By A& QN 181 7 B

(a) The meshes of bow (b) The meshes of stern

(¢) Background meshes

Pl 7 DTMB 5512 fiHA L K 9
Fig.7 Meshes distribution for DTMB 5512 ship model

3 WBUESUTEE R
3.1 S60 LT ARk 5 i AR T

A 45 A BB L R RANS 33X 2 F 7 1 %1 S60
TR T iR RS B A sh R AT TR B
N BEFEBE R S35 4 R T U TR LR R 3 4
A o

downloaded from www.ship-r esear ch.com



6 bR A BF %

124

3.1 BRbr i e AT PR IE
SR T SR KRR 7 5 00 AT AT LA R i A
BB 90 VR 00 A o A M, AR SO naoe—FOAM-
SITU 3K fi# &% , % FH RANS FIBK 7 2 Fift 7 ik X6 AS [
M EE Fr ™ WIS AA #E K B 3647 T ROIE S
RIS EHE VEAT T X b THE LS AR 4 FTR

F4 BKEH RIS R

Table 4 The comparison between the results of two
methods and the experimental data

Fr FEN o€ FRAL WR%/%  RANS  iR%E/%
0.25 3.574 3.705 3.66 3.529 1.26
0.27 4.006 4.180 4.34 4.029 0.58

M 4 45 R LU, 1 2OR g 2% ] R
$7 77 1245 20 0 45 R 550 45 R AT, B RRPL 7 %
TR B By DSBS F8 o0 =& IS A, /] DL o7
TSR R B S b A YR B

M Fr=0.27 I, B 2 R0 B EAS B BOE [
BANE 8 rn . K, 2B oy S Richn 1 34 45
FAERSr N RANS TR 45 5.

Z/m
0.09

0.08
0.05

0.03

-0.03

-0.045

518 WAL Me RANS J5 iR I3 B BB 19 L&
Fig.8 The comparison of wave pattern between Euler and

RANS methods

H R B T R BB RS LU R TR A 5
AN RANS J5 ik T3 45 5 5 I B0 45 Y DR 22 7E AL
V99 FBLZ A 50 T R 7 36k T ARG A 3 4 1)
PR R TR Ry o MOR FHBRA T 74 5 RANS U7
AU B B RUE BT LR, PIR E ff A B
AT I B SEACHIA] DR it ] SR W37 5 A Rl 4
SO T i A BREAIL 9 2% I8 B R R Y R i, 4k
i AT A RS AR RE AT b, SR BRI A TR
TR BHJE 853 1 MOE S nT AT RY
3.1.2 RANSJj ik nIATPESEUE

9T 45 Tkeda 567 B U HCds 470 He A
SCR I RANS J5 3 A AR 1) (9 5 58 T 00 Xt S60 4t
Y BRI T AT T R0 BERE AT MR T o n

L 5N,

RS S60ARESRIB IR H T S MK IIE TR
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Table 7 The validation results of damping coefficient for
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Table 8 The calculation conditions for forced roll motion

N ;ﬁ Tr, i > 4/ ) vy ‘;E i3

V]’ﬁ E AR i ?%&ﬁ%; SR It 2 KR 4415 rad
T (rad-s™) (Fr)

2DFR SiiA B PR 15 0 0.25

downloaded from www.ship-r esear ch.com



5520

% RAF Jk T CFD (94 AR FE KBS 0015 R 1 2 o3 B 7

FEZ T U, 2 MG ) 1 56 30 68 92 1) 7
R Dy 2 an e 9 B

2.0

1.5k

1.0F

0.5

Moment/(N+m)

i i
1.0 1.5 2.0 2.5

Timels

19 S60 i ] 1 5 16 A 1% 77 4 B g fh £k

Fig.9 Time history curves of forced roll moment with
S60 ship model

Pl 9 b, R € it 2 SR T R R 7 15 B A 1 A
AR A2 3 B 0 I 1 R 4T M, L 2L 6 R Ol SR
RANS J7 L5545 Y AR T 52 R4 156 M, 1 et
2 2R HI RANS J5 B SRR By T [l 4843 5 M,
22, M, .

RGP I T A9E A S AR R A ) T
B 37 140 i 5 4 A T 1 10 I o
Vorticity/s™

-15-10 0 1015

Vorticity/s™
- — -

-15-10 0 1015

L .

(a) t=nT (b) t=(n+1/4)T

Vorticity/s™
-
-15-10 0 1015

Vorticity/s™
L
-15-10 0 1015

.—.u

(¢) t=(n+1/2)T (d) t=(n+3/4)T

P10 S60 A 1l 56 160 B B o i ] 04 42k A
Fig.10  The vorticity distribution around the S60 ship model

P10 25 Cn—1) A J1 101 P 4 51 L 7R 15 220 114 5
oA R, e TR R A R RE ), 0 R OR X
I X O P 221 o A 58 AR R PR 3L 3 5 TR R
P 5 v ) i o0 A AN IAT 11 7R

H1 1L 9 R LAFE th, 7 50 B4 BHLJE 1 v, e
TS WA TR 0 A T AU R 0 o5 L ZERAS 2, R
T AR B 2o v J Bl 2 77 A AR 2230, 3 IS

Vorticity/s™

-15-10 0 1015

R4l 2

(a) Without viscosity (b) With viscosity

11 R VEV %5 AR RS PR 3 i koA 1]

Fig.11  The comparison of vorticity distribution between

Vorticity/s™
| — -

L
8-4 0 4 8

viscosity and without viscosity

A J) B T 00 AN 35, R L T TR 4 LA B pl TR 5
EHY A XA AR B S AR B R [l X
Tl sl e 5 Tkeda 5527 B350 25 AR Korpus 552 1Y
BAETHA LS R IARARRL . DI AMAER T A2 i
TRER 3 7 1 70 AR 5 A 24> 5 43 I R Y 5 [l 2
AR, R 2 B n e 12 7 o

v
‘\\“‘ Roll angle
\
75—!5 =
=i /
-\-“""h.__ y

“waf
F 12 iR 5 Hr A

Fig.12  Analysis diagram of the wave damping moment

PP 12 R R 90 TR X A A PR S 4 0 R A
[o] FABUE 7 10], IR 45 3 Ah 24> 86 0 70 4 Y 7 17)
JE AR {E DR HE P o B T B e B0 Y
A 3 R 3 2 5 U9 7 A )R 0 R 1] A T

T3 80 T3 FE I Dy 2 (B 9) Rl DL
e BELJE ¥ 7 A1 BE 45 B JE 08 73 1k B {5 2 A
A IR ) 22 F) , JBE 5% B JE 0 2t B0 L 4 1 [R] L B
T PHLJE R 2R o AR I 52 2 3 i BELJE 38 23 e
T A ) T R I O 3 B HAAIR S T e
Fhy L TR P 0B T LA Y 0 H BT A A L A
RERIIS 20, 68 IO T 3345 2R By e 14T Az S I A
A ) T ] L )30 fie 22, T O ML i i 1 A
IR LI B AR L AN DRI T 1 e i L
TR IR B WA o T FEE 458 B T 2 el RS ) T
e T 14 8 A2 5 A9 A 30 TR 140 AT 38 B2 T IR, 4
PR 1 T ALk T A R i ORI AR R T A T
0, Tl 3T B AR ph TR AT R R 2R A
A1) S 7 1) 2y, A5 A Xl R B8 R S R, B Ty A
F14 JEE % BHL e 50 73 25 AR 2 8 K DA I JEE 45 BHLJE 38
WAL Y 0 A1 ] <2 L3l BEL 3 23 G

3 BT I PR 2% 0 A 121 (8T 10) AT R0, a7 A=
T AR A ] T AY BE L 7 SR PR AR RN f

~
-y

“ Roll angle

downloaded from www.ship-r esear ch.com



8 hoOE MM B %

124

RIFUG T2 WAL /NI, o T4 X T8 7 A A S]] O
BRI IR — 2 ARG T ) — i (e , I BE 5 S
AR 2% 3 2 AT (A ) | A R 8 A 5 B 55—
7 1) 35 B fe R %007 ) L A4 e i B il AR O
BEETE A AR 2 DR R — 2 0 Z )5 IR T
[i) 5% By, 7. 200 2> A A S FRIE ) T o 4 e s, o
F— 873 M Z AN TR T 18] B s , )T AT $0h A
F183 08 73 DU 3 A A B B8 A 0 51 73 531 1) i G
51 H T, 7R AR BT A 4 AR . X
4 Aab Ui it 149 7 1) e 00 A A B 8l ) O 1) BT R
YRR AR U6 5 B0 D5 ) A2 Sy I ) 5 1) AL S
BT

AR R 7 12 R RANS J7 36 THE A5 19 JE A
PS5 oR PR 3 v B8 T T 5 T R e A 1 (B 1) mp
DLBA S Y, S TORG PR, 337 vh R R 7 AR B R Y
ot , DRI RT AR 552 BHLJE 28 K0 B i 78 0 30 Hh K
PERZ I 7 2R, RIVIE I BHLJE 28 BOR— ARG IE 1) 0 3R 1Y
RS 23 TR A5

3.2 DTMB 5512 ~4Efisak iR i

A SR RANS 77 %7 DTMB 5512 = 4 iy 84
W R B8 B HEAT T RIS, i 2OF B8 182 BH 2 3
I3 UL KAt T i B 38 IR BELJE Hh 4 T ok

S YEEE F B R T SESS IR
XFF DTMB 5512 = 4k i ss | A A 76 o il ik
T A R A 5L, AT R R AR
TR T R AR UL B RS Y A R RS R a2 3l DL IR R
RANS L RIMAR AT AT . 118 T BRIk 9
Bz o USRS IE 45 SR N2 10 B

3.21

%®9 DTMB 5512 it B 1 R B E WS EIETTHE TR
Table 9 The calculation condition of convergence study for
free decay roll motion with DTMB 5512 ship model
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Table 10 The validation results of convergence study with DTMB 5512 ship model
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Table 11 The calculation conditions for free decay roll
motion with DTMB 5512 ship mode
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Fig.13

The comparison of free decay roll motions simulation results and the experimental data with DTMB 5512
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Table 12 The validation results for free decay roll motion
with DTMB 5512 ship model
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Table 13 The calculation conditions for forced roll
motion with DTMB 5512 ship model
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Fig.14  Time history curves of forced roll moment with
DTMB 5512 ship model
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(a) Vorticity distribution when 0 =0 (bare hull)

(b) Vorticity distribution when @ =0 (bare hull with bilge keel)
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(d) Free surface when 6 =0 (bare hull with bilge keel)

downloaded from www.ship-r esear ch.com



10 OO O B 5T

124
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(e) Vorticity distribution when 6 =0.25 rad (bare hull)

(f) Vorticity distribution when 6 =0.25 rad(bare hull with bilge keel)
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(g) Free surface when 6 =0.25 rad(bare hull)
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(h) Free surface when 6 = 0.25 rad (bare hull with bilge keel)
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Fig.15 Thevorticity distribution around the DTMB 5512 ship model
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Fig.16  The influence of bilge keel on rolling motion
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