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A study for roll damping performance of a platform supply vessel

with or without bilge keel using CFD
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Abstract: In this study, numerical simulations on the effects of bilge keel on roll motion were conducted. The numerical simu-
lations were performed on a 110 m class PSV using the commercial viscous flow analysis software Star-CCM+. Before con-
ducting the study on the 110 m class PSV, an additional simulation of DTMB 5512 was performed and compared with the ex-
perimental results to validate the feasibility of the numerical simulation. In the simulation on PSV, a nondimensional damping
coefficient was calculated using a free roll decay simulation, and the response amplitude operator (RAO) for the roll motion
was calculated with a nondimensional damping coefficient at two conditions (with/without bilge keel).
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(a) Domain

(b) Boundary condition
Figure 3: Computational domain and boundary condition for
simulation

Figure 4: Geometry of DTMB-5512

Table 1: Computational parameter for numerical simulation
of DTMB 5512

Model DTMB 5512

Scale ratio 1:24.8
Breadth (m) 0.405
Draft (m) 0.132
VCG (m) 0.03

k. 0.158

Froude number 0.138

Initial Heeling (Deg.) 10.000

(a) PSV without bilge keel (b) PSV with bilge keel
Figure 5: Geometry of PSV
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Table 2: Computational parameter for numerical simulation
of PSV

Scale Model Full
Scale ratio 1:32 1:1
Lpp (m) 3.000 96.000
Breadth (m) 0.750 24.000
Depth (m) 0.375 12.000
Draft (m) 0.266 8.500
VCG (m) 0.244 7.800
k.. 0.263 8.400
Froude number 0.251
Bilge keel length/L, 0.233
Bilge keel height/breadth 0.021
3.3 AXHA
A AEUCAS AT AAAL ATARY W

(Surface Remesher, Prism Layer, Trimmer)< ©]-&
2 AAsgon, Aute Pl e $ES
el 23 A% PHe Aeseich of W

glo] A2l Aol A% (Control volume) A A=

> o N o
NN
— =

>

o N

rlr
N e

=3

o] old XAF < (Overset area) TS 2o A}

wiez wgHel - ARAR He wAAR
(Background grid)2} 2ol 9l W9 T4 Ax=z
TEE ] A= GE 27k ARATE Ao A el A
sHA drh T AAte] 49 Mduke] 7 Wako® 021
o=z AAsgon, dA F99 ¥ FEFe H9 xH
o] WAoo 2 47)9] layerS WER A sl 1k
o, AFxHe A AFEAH Fo FrHH R Az
£ Z"slA wjA3te] VOF Q—’FQ] A2 gkl 9]5‘}

wol T3 AL oF 60vHN, W7 AL oF 1% F
oF 700 9] AR} AR glo, sjgAdAAdE T
A AA7E oF oW, wid Ax7E oF 109712 5 °F 90
e AL AR QLT

Figure 6: Grid system for simulation

4. X A EH oA A}
4.1 £%| AlBHOlM EZ Tt

324 Axd nlel o] SRR PA ] 2] Al
EyolAe] A $x AEY oA 21 HAEZE) s



DTMB 5512 A3 & o]&3
= Repo 2

AZE S8
Figure 77 2T}, ©]
Az FiE 0ls°]t}.

HHE A

= 0.
ARVEES B
F 357 FAhae

el Aolh wilsha

0 g
Z

ot
. 5 o
A
o
N
=
ol
N
~
P
:L
(<0
o
Xy
ET
s
>
ol
i
N
~
=
E

Ei% A=} T%6H7P~ BEgE
zFo] 7k min]sir}, ok, ‘7491 R
s 58 7] v ALk |
A3HAl YERAL ). whEbA A3
FA| AlEd el ALt AIE e o
sttt s, F9 = A AlE oAl 159
o] RHE ARSI E A &8l A TR F 73
-, Figure 7 (b)°ll H.o]= wpe} o], wHa ALESlSG H 2~
Eo} FU3A A3t ol Zole wet FF8 F7
v A Wt glo] dAs AIFe oA, FX%ke
F717F WA gE Apol7t Fhska Atk 3HAIRE A
F o] S.0E-03sH-EH & AlZE A w2 dd &
ZolEm Hx} =8&taL 9l o™, 1.0E-03s 2} 5.0E-04s
= ujujaic, whela

=
25 SgEE 52 AEY0lH

m
N
2,

HAES

Lo

=X gk
SIRLAN]

Wi

-
9.

]Lo—"

2ol 1o v (Nood rfr |
X

[0
o
32
o

Lo

oy e
N M o o oop 1o

J
J

ol
ol
32,
o

=
A2 A3 2 Araki et al. [12]9]
=
[e)

2
3} 2 B3 B Aoy e
o] Yot Seleket. 1 A} Figure 8?%
= &

]

> >

o3

A 2 A3 A AlEYoldo] A o
Holal 9lom, Araki et al. [12]9] 4]
el mls) FiHow FgeE das 94
35 #Hasol vk =
iAo ® FE8 F717F ol A
719 Atel= & AT
e AFFolA FAE= A
e
Al RE M 3
&l of e Eo
o] tﬂ—xg ]_Oﬂx]u
gromm wyst

2] Al EY el ALEE fr4

N
-
o
=
o
of
-

o
Ho
p

v =
i

)

£ o

)
o

o9 oo

LI

Muto] 47}

ko
—

&
o oot o,i ru9

2y oft ook
1T ot
L o
N
O off & p

o
_>r~_1,
o
k1
i

L

N9 > o
N

fr 4 32 o 2
>

to
Wi
2

ot
Hy
=)
e
=
Ry
T
9.
o,
%

3 A A40P A95(2016.11)

ze 2 ASA B S48 FFgel] Rl ol
2 o8] A 5 gt oxE s Qe Aolrh)
42 HYSARIAL 47| A8 0l

AlEEelde®
AN L] A 3
. 71 A3} Figure 9 (2)<}

o] WMAZo] = A9 WAL Gz A% FA ol
Uehbs 370 2 Abolvh gAw FEase A A 2
o FHRE Aolsh ubgstel 2 Fo|vhek zfel7} Lhent

7] |

ATh. Figure 9 (b))} Lol Zkzte] SAgh-& 1%0}04 71

715 48 ZAHLinear fitting)sh 7-9- 1] 329]

Y7} 1.4499F 1.368% AlAtE T, 4] )0 A= F
da A WAZe] e 45 0.050, A Z o]

0.0590.% A&t}

2bEE Z7te

m{om

N

o off
o }:o_l

FF587t V8 A v 9ol
of tg aAe T MMAS
Figure 9 ()2} 7Fo] AAo ¥x]Zo] Fz+g 75‘% I
S 5% & &<(Response Amplitude Operator)2] =] gk
15%7VE AaEE As & ]‘4

shATE M Ao F2-e ‘ja]x]?a]o 58 A5 59
o= &7 AA T A3 7
= WtER o anst s

), o]Z &) F7}2 o= WA Z Height/Breadth H]7}
oF 40% 2} 0.0139] tiste] 2] AlEH oS G338
o} 71 A¥= Figure 107 o] AHf FE 2 53 AlEH
0114«1 9 74 F719 FA ke Aol AA ekon, o

o]-g3) stEH T A AFE o8 5 A
éﬂr Table 39 ]| A} o] FHXIFF<] 52 gk
o] W=7 9] Height/Breadth 7} 0.021< HHE} H] jﬂ_-s]_o:] oF

1.7% ZFA8kdch o] ul, A 3452 74

WA Ae] #E A% F AT AT 026% 7»3}@1 o]
]/\)_LEEZ_‘}()S’)J/}, Wz Ae] 4

A= ITTColl A A xﬂg]
Euqé(SBA)A B2 "X 7 9 Ziso]' /Kéb(Rbllge)a A= ksivg
3l Atst & (DS o)g3 AEH AATL 0.27%2}
st A BT

= (54 8z:)/ 8 @)



4z 4
" Iter 5
ST iterts
| A N |- lter20
NI A A
L] Q‘\ "
3 1 \ £
o h ¥ * AR
=) \ Y
sV VIV
S Lol 1 4
3 | Y ¢ /
e | | fl' /l Y
5% / y
[ Y
l [ 4
-0 2 4 8
Time (s)
(a) Test of iteration
" 1.0E-02s
— —4- — 5.0E-03s
f —.—y--=- 1.0E-03s
A —-—@--— 5.0E-04s
14 T ]
AR A
a \ | W
2 ¥
= I | 4
3 J
x ¢
-5 2 ¥
| v
i
-10 4 8
Time (s)
(b) Test of time step
Figure 7: Results of case-study
" —o— EFD
L = =4~ = Araki et al.(2014)
ﬁ —:=@=-=. CFD(Present)
51— : \
5 | - RSy :
AN ANLY W
) h ! /! P I
2 oy ) i *-!'%\':Q
© i \ W "
s (4 Fow R
o y ol
-5 I yt
o 4 8
Time (s)

oo

02

FN

Figure 8: Comparison of roll angle and extinction curves be-
tween EFD and CFD

o

31

3 A A40P A95(2016.11)

A5e 4T
10 ;
oA } o— Wio bilge keel
— —m~ — W/ bilge keel
r L
5 ! ‘
7 £\
[
3 A A
Fgn ' R
2 1 b \,
5 L 4 | Y.
3 |
©
Y
-10! y 3
Time (s)
(a) Time history
20 ‘ ‘
i—o— W/o bilge keel
|= === — W/ bilge keel
15
L
7’
7
rd
= 419 /,/
- £y=1.368x
£710 A
< Y
/|
7
5
% 2 4 . 6 8 10
¢ ’i+1
(b) Extinction curve
12 ;
| —e—— Wio bilge keel
|- —= = W/ bilge keel
8
o
< [
o
)
12
4
'}
‘ g
% 0.5 1 15 2
Frequency (rad/s)
(¢) RAO curve

Figure 9: Comparison of roll RAO between w/o bilge keel

and w/ bilge keel

796



10 T -
—8—— W/ bilge keel_0.013
| n — —= — W/ bilge keel_0.021
5,
|
- A
& \ {\ N
a ® ¢ 23
2, 1 vV Py g\
s \ Y
5 * \ J \J
o 1’ ’
° \7
S
)
|
-10 4 8
Time (s)

(a) Time history

20 T T T
——e— W/ bilge keel_0.013
— —m — W/ bilge keel_0.021
15
A
»
=1.449% 7
| y=1.438x
s 10 ’/(
g
4
5
v
00 2 4 . 6 8 10
L

(b) Extinction curve

—@—— W/ bilge keel_0.013
- —m= = W/ bilge keel_0.021

Roll RAO

)—g

i
00 0.5

1 15 2
Frequency (rad/s)

(c) RAO curve
Figure 10: Comparison of roll RAO according to different

height/breath of bilge keel

ks x] A40¢@ A9Z(2016.11)

e
Hl
=)
)
ey
>
T
2

4 Fiel mE dsa Aol

13 o

TR 4

u

:'"L

Table 3: Comparison of relative errors and RAO according
to bilge keel

W/o bilge | W/ bilge | W/ bilge
Model keel | keel 0.013 | keel 0.021
Bilge keel 0.233 0.233
length/ L ) : :
Bilge keel
height/breadth ) 0.013 0.021
B 0.050 0.058 0.059
Relative increment 16.0 18.0
of By (%) ) ) )
Peak value of
RAO 9.809 8.496 8.327
Relative increment
of Peak value (%) ) 134 15.1

Table 4: Comparison of total resistance coefficient according
to bilge keel

W/ bilge W/ bilge
M"d_el keel 0.013 keel 0.021
Total resistance 5.516E-03 5.530E-03
of coefficient
Relative increment of
total resistance coefficient -0.26 -
(%)
it f bil
Wetted sur acezo bilge 0.034 0.042
keel (m?)
ITTC 1.012 1.014
Relative increment of
total resistance coefficient -0.27 -
(%)
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