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CFD Simulation of the Self—propulsion of a damaged Car Ferry in Waves
Je—In Kim'+lI-Ryong Park?"-Jin Kim®+Kwang-Soo Kirm®+Yoo—Chul Kim?®

Marine Hydrodynamic Performance Research Center, Dong—Eui University, Busan, Korea'

Department of Naval Architecture and Ocean Engineering, Dong—Eui University, Busan, Korea®

Korea Research Institute of Ships & Ocean Engineering, Korea Institute of Ocean Science & Technology, Daejeon, Korea®
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which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

This paper provides the numerical results for the self—propulsion performance in waves of a car ferry vessel with damage in
one of its twin—screw propulsion systems without flooding the engine room, The numerical simulations were carried out according
to the Safe Return to Port (SRIP) regulation made by the Lloyd’s register, where the regulation requires that damaged passenger
ships should have an ability to return to port with a speed of 6 knots in a Beaufort 8 sea condition, For the validation of the
present numerical analysis study, the resistance performance and the self—propulsion performance of the car ferry in intact and
damaged conditions in calm water were calculated, which showed a satisfactory agreement with the model test results of Korea
Research Institute of Ship and Ocean engineering (KRISO). Finally, the numerical simulation of self—propulsion performance in
waves of the damaged car ferry ship was carried out for a normal sea state and for a Beaufort 8 sea state, respectively, The
estimated average Brake Horse Power (BHP) for keeping the damaged car ferry ship advancing at a speed of 6 knots in a Beaufort
8 sea state reached about 47% of BHP at MCR condition or about 56% of BHP at NCR condition of the engine determined at
the design state, In conclusion, it can be noted that the engine power of the damaged car ferry ship in single propulsion condition
is sufficient to satisfy the SRIP requirement.

Keywords : Car—ferry(7H|2|), Twin propulsion ship(*4=A), Computational Fluid Dynamics(CFD, AL M| HS, Safe Return
to Port(SRtP, &t=29| 9tX3|3l) Damaged condition(Z&AAEl), Self—propulsion(XFg!)

1. M &2 X|5l0{ sht2 PAKS| 7|2HSafe Retun to Port, SRtP) g 5= U
ofof gohe =AM S0l Zate 1 Qlch 047|M, SRiPHE
(SOLAS, 2009)2 1914 IMOOIA MZ=l SOLASS| ZztEl

E2, oMt 22 MHfo| i akEof Mefo| 28
3 Ps| Melol| 5 BHISIALE M| LS} DAkE|0] A4
KA 9l sHAIAFTIO| CiBF 2HAlO| E7F51T QiCh 0{ZHAle| AL Mo|ct Mulol| SpRH7F WASEALE MA| dRIF &a=0] B

A = =

sl2413} 22 Che Aol Blsl B4 olgio] 87| meo| Apm  SIHE BT SAS EiTl Aol so B A
Jh st B2 o1 Tsiyt WAEICh 19140 BiTolM shay I TIEE S 0Ok BIEkE 278 Ea fln &% s Hsl
21 ok = oKInternational Convention for the Safety of Life (Lioyd's resister)ollAl= "£&44810] Beaufort 89| SHef=Zio|
at Sea, SOLAS)O| MZE = 04Z4M o 28lol| S B2 o M BE(knot)el EE= FAks| Fzket 4= 2U0fok FHKLloyd's
2{g 7|20|1 UX| 0S| FjeHo= o2l Al Bl register, 2010)." 2 AF3LA U0 Fedge|(Germanischer
A LojLtn Q= AlXo|ck Lioyd)ollA= “Y8ixol 7|AZEZ4(normal weather)ollA 7=E
0[2{8t AIDES H7|2 Mulo| &4 0|30 oHHME & M EEE M (design speed) 2| Hblof| F5h=E £ 2 FAKS|
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2.3 A 2 A 22

1o

Mx|o| 250z ol MAM== Tt Fa&e| 27AH (inlet)
£ Soll YAl=l= mol| thst PRI ZARE ARl Asi AA =
ZA(dynamic boundary condition) 2} 25 ZH |z (kinematic
boundary condition)2 TIEA|7{0F SiCh & ==0lAM= ol2{St At
Rl 258 STAR-CCOMHE| 2XF M 2| VOF(volume of fluid)
HE AR50 S A5IFCHMuzaferija and Peri¢, 1999). &=
FoIMEnt Xes REIMAl ReReR Relsle A=
M Tlo| 2 (linear wave theory)dllM =l ol2ie| TirlZ 1} &

EREE RS RYUGAH o=z MESI0] ZASIRIC,

n(z,t)= Acos(kr—wt) 3)
_ Hw cosh(kz) -

ulz, z,t) = Tmcos(kzx wt) (4)

wl(z, 2,t) = Hw sinh (kz) sin(kzx — wt) (5)

2 sinh(kd)

2.4 SHAXIH

STAR-CCMH= MH 2| 6AMRE 2 diAlg 7oA &
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Fig. 1 Geometry view of the car ferry ship

Table 1 Main particular of the car ferry hull form

Ship Model
Lpp [m] 148.0 8.0
B [m] 24.8 1.3405
D [m] 14.0 0.7568
S [nf] 4028.0 11.7692
Displacement [m®] 11546.6 1.8236

Fig. 2= afidoll ARSEl MUBHUEHE A7A9
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5 Z2Eo|n, XA 2eEM 7|1E2Z 0.2324mo| 1 2
== 47lo|c},
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ook 0| AlLksie™ OIEH FE=ZE2 Fig. 3zt Zct %—%’é‘
M| Z0|l= & 4.0Lpp= M= AR WSO Z 1 OLpp, AMo| &}
F 45ko2 2 OLpp, EHX'D101|A1 Z0HH7IX 1.0Lpp j.al_l_ 7
SAe| HIEORZ 1 5 ppe| HE|E 7RI AR AAHM=
FEFU(velocity inlet) =H, SHRAAMM= UHERE

(pressure outlet) =4 12|10 M2 C 2 H(symmetry plan) =
g MEslFon] MA EHE2 DHAAMH(solid wal)2 MS

e
siFQict MasiAlol SxIs142 & Al 7HR| ZxPA0N csh 5
BEIS100] 2AXPAZ! 2xkel 27 24 220l chh = NG
el Zxis HI8S 7IKIES Si%ICk Clok, ARPYZE 2Rt 24
So| 2240 2% B ZRPlole Do) AIBE BlEY AT
MNuo| SFoZ ols| AsHs B|S0| HElst RIS RAIN
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Fig. 4= A 4% 21 E0f Tigh Mo|

ol
40
6531
1o
H
>
mjo

KRISOS| ZEHAIE AT} =X[siA ZnlE d|wst Uct H
&5t oin AES SR 27| 2ol HES H|ut =X
oLt ME miyel BEIL RAISH A2 2 F= UC DETIK]|
2, 35 NghlA ZE KRISO2| ZEAlY Zzje} v|wst
¥ond Fig. 52F Table 20llA{ 282+ v|wst QU

(b) CFD
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Fig. 5 Total resistance in model scale according to ship
speed

Table 2 Comparison of resistance test results

VS VM Condition RTM CT™M
[kts] | [m/s] [N] (x107%)
EXP 111.36 3.672
Coarse grid 116.28 3.834

19 2.27 - ;
Medium grid 111.66 3.682
Fine grid 110.92 3.656
EXP 140.67 3.797
Coarse grid 145.52 3.981

21 2.51 - ;
Medium grid 141.00 3.806
Fine grid 139.30 3.763
EXP 174.30 3.922
Coarse grid 175.92 3.958

23 2.75 - ,
Medium grid 173.6 3.906
Fine grid 172.18 3.874

XekblM Aol x| S22 Table 30l LIERHIACE =
E=E0ME ITTC(2008)0llA HMS5h= 2HES 0l85104 x|
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0{7|M ( R) = F&H|(convergence ratio), ( Py = FHH
= ( Cp) B8 A F(correction
factor) 32|10 ( U,,) = At 22H44(grid uncertainty)OIC. ¢,
= MEZ CE AXPAof| cist =235l e| x}o|E LIERHCE 5H2]
=8 dEE $EE|(R,)E 0l85t0 32t Zo| mEe 5

ct.

S} (estimated order of accuracy)e=

0

(1) Monotonic convergence : 0 < { R)>< 1
(2) Oscillatory convergence @ (R><0

(3) Divergence : (R )>1

0<(R;)< 10|22 MEZIS0| ttx +HECtn det 5
ICh O7IM P, =2210 JHYSIRICE Al St

(simulation uncertainty) Uy, 2 Cheat 20| Mo|Ect

Usy = Ue+ U7 (10)

0{7IM U= B=EAM 22N (iterative uncertainty)S LIE}
Hict 7t eRds| =M His SEAIME2 AR 4= 9t O
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Ol Table 30il LIEFH HI=F 2H0| M| Z1X| &of CHal &k Mt
w2 2F verification® S ole = UL, E5F DHAIHD}
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Table 3 Verification and validation results for grid dependancy

test
S [kts] 19 \ 21 EE
rG 1.414

(R 0.165 0.246 0.448

(Pgy 5.208 4.050 2.315

(Ce) 5.080 3.070 1.231
(Ugy=Usy 0.045 0.072 0.031

E(%D) 0.41 0.90 1.22
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Table 4 Computed model speeds and propeller forces at
corrected self propulsion rps for matching the
target speeds

VS | VM ™ [N] QM [Nm] NM [rps]
[kts]|[m/s]| EXP | CFD | EXP | CFD | EXP | CFD
6 072 - |497| - |0.22]3.36] 3.39

15 | 1.79 | 28.67 |28.11|1.29 | 1.28 | 8.06 | 8.4

19 | 2.27 | 48.80 | 48.21 | 2.15 | 2.17 | 10.32 | 10.82

23 | 2.75 81.37|79.84|3.48 | 3.54 | 12.9 | 13.55
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Table 5= M=% d|&A MefjollM M 21 -Eof| Chsl F&t FdeF REEXE d|wstn QCt Sliding meshi2| A9 =
et A sSE sliding mesh& 2} virtual disciS 0|23 "e| 2P g f5e 220t CiE AS 2 5= QUCh Virtual
Hokst ZUE 2EAIED} oWt Zd0|ct. sliding meshide| & disco| de Z2EY ool S48 AY HIHSIK| ZsHK|
2 DYAIRT} H|wsto] 3™ 2 PP oF-1.67%, 3ol 4 oh 87k 3 B EHe| HER T2 Z2EEY F SAH
? 2 -130% 12|10 EQRT A 2 0.42%2 UHEFEADR M FEEETL sliding meshEHnt FARSH Adg =l & = k.,
UX|E Ho|1l UL Virtual discHie| <ol Z2H AHAXIE Fig. 82 21LE M&S W 1f ZT2E2 FAO|MEE A
A SIMAZIX] LUAS0E METIF =2 sliding mesh#=} B5to 2 ¢/ D=0.2621%/0A] sliding mesh& 2} virtual disc'
HlwshA CHX 2 PEEARR UXIE 20[1 QI o Sxtelst = FHE RELEEE d|wdh Zolct Sliding
Fig. 7= 21E M=ol thsl sliding meshiH 2t virtual disctH mesh#o| 24 Z2EHE 2F 3[MAI7|7| 20 2o %
of Mol EH UHExel Z2HY £ Z4 HolM Fxl2E & of 2 FHEE7} LIERIL Ol virtual discHe| 5222
of7t CtE dgks Heolct T2t Fig. 929 Zo| Z2H 2| 4

Table 5 Comparison of self-propulsion point of a ship oM e siFdEo=z m/D 0479X0IM F FEEE= A
speed of 21knots at twin screw propulsion condition 2 H|2e5h 4ek2 Ho|1 A0 virtual discEo] H| WA oEEAR

in calm water 2 XMEo| 2 & I-S—éit oz mciElc,
NM RTM ™ QM Table 62 SRIPZZ42| 6= MBollA 17]2] 7|B0| LAts]
o | M| ) ol (jo;i fimlji :TE_E e “f Qiﬁfm :Iiﬁlﬁ ul
<) [ sk R (i
2. A e 25 2ot Ale] 2zl ozl :/lrtual disci#o] BT} 52
Sliding 11.18 156.68 58.43 2.606 iding meshi#ie] ZiTio} BEEAR|S 2lxlE Ho|T 9lon, T}
mesh | (~1.67) (-1.30%) | (0.42%) o wa; N il d OI“R; s A2 S
Vir.tual 12.00 152.90 56.44 2.575 ;3/\ Olo° = virtual disc#0| €05 SE T o=
disc (5.54) (-4.66%) (-0.77%) Q&= Ct,

Pressure: -5000 -4000 -3000 -2000 -1000 0 1000 2000 3000 4000 5000

NN

ulU: 04 045 0.5 0.55 06 085 0.7 0.75 0.8 085 09 095 1 105 1.1

(a) sliding mesh (a) sliding mesh

Pressure: -5000 -4000 -3000 -2000 -1000 0 1000 2000 3000 4000 5000

BN | [N

u/U: 0.4 045 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.85 1 1.05 1.1

uU: 0 01020304 0506070809 1 1112

(b) virtual disc (b) virtual disc
Fig. 7 Comparison of the pressure distribution and axial Fig. 8 Comparison of the axial velocity at an upstream
velocity around the stern at 21knots longitudinal point of the propeller at 21knots
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u/U: 01 02 03 04 05 06 07 08 09 1 11 12

(a) sliding mesh

u/U: 01 0.2 03 04 05 06 07 08 09 1 11 1.2

(b) virtual disc
Fig. 9 Comparison of the axial velocity at a downstream
longitudinal point of the propeller at 21knots

Table 6 Comparison of self-propulsion point of a ship
speed of 6knots at damaged single screw propulsion
condition in calm water

. NM ™ QM
Method Condition [rps] IN] [Nm]
Sliding
mesh Damaged 4.48 17.74 0.58
T (smgle
YA propulsion) | 4.73 | 14.27 0.57
disc

Table 7= virtual disctHe| AFEMS siAM Zole Es5) M|
ol Z23H= Mekg F9/d 7|0{=2 LiEkd Zlolch A A
2 10022 22 [l xfsde| 7|2t &Atoz olsl| 3| MEIK| &
o DYE Z2EE7|AKSHE H80] 18.41%2 ALs| B

Meoll 7ot U= A Y 5 ATk

Table 7 Resistance contribution of the hull parts

Rrotal 23.691 N 100%
RhuligAppendage 18.612 N 78.56%
RFixed-Propelier 4.363 N 18.41%
Rieft-Ruddet -0.136 N -0.57%
RRright-Rudder 0.852 N 3.60%
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ol EfZte| Hisjol| w2 2=
thak ZhHi2] Mol AZlske ERtbg 32 k= Fig. 1224
Table 80llM & £= QUCt JROIM xF2 Ele| ZE, y=2 M
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(a) sliding mesh
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Fig. 102 Fig. 90lA Agst Z+2 2IX|, /D=0.4701M X
5 &4 ME SRIP 6E M5 Z=of| th3l sliding meshiH Tt

(b) virtual disc
Fig. 10 Comparison of the axial velocity at a downstream
longitudinal point of the propeller at 6knots
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Table 8 Comparison of neutral rudder angle for straight oM TP 27| RAIBP| leiM T =215 Eelsi RUCk
sailing Fig. 132 KCSMEe| CHITIX| AL =70l CHSH FIIKE
Single screw propulsion EXP CFD A, AStE2 RAO J2|1 E=2 RAOE Ml 7KK ZgAI
Rudder angle [deg] 3.33 3.42
Table 9 Wave conditions for numerical added resistance
rost of KE9
— N No. ct | c2 | c3 | ca| cs
Speed [m/s] 2.017

Wave length [m] | 3.949 | 5.164 | 6.979 | 8.321 | 11.84
Wave height [m] | 0.062 | 0.078 | 0.123 | 0.149 | 0.196

20
s m EFD FORCE (L=6.1m)
| A EFD FORCE (L=2.7m)
I [ J EFD IIHR (L=2.7m)
15 - > CFD
A A
10 |- P A
I i N
| >
| |
. >
5| é
- | X " oA
[ u
o
= |
(b) 5° | LIV
. . . . O 1 1 1 1
Fig. 11 Pressure distribution around the stern at two angle 0.5 1 AL 1.5 2
o o PP
of attack of 0" and 5 (a) added resistance
1.5
0.0005
——&—— single
——eo— twin
0.00025 1 a
f‘ 5 i T
= 1:5§ <C m =
3 N .
= i ®
= i
= & -3.42deg | o 05} -
s . [ N s
= i - [ ] EFD FORCE (L=6.1m)
2 i » A EFD FORCE (L=2.7m)
; . | o EFD IIHR (L=2.7m)
-0.00025 » b ! s *° » CcFD
1 0 L L L L L L L I n n n L n n n n L n
I 0.5 1 1.5 2
i ML,
I
(b) heave RAO
il i i
-0:0005;5 5 0 5 70 15
Rudder angle [deg] = EFD FORCE (L=6.1m)
. . . . . A EFD FORCE (L=2.7m)
Fig. 12 Estimation of neutral rudder angle for straight sailing | @ EFD IIHR (L=2.7m)
. . . | 2 CFD
through linear interpolation » e . A ¥
1 A m =
I T
3.5 LEF H|EA A BIINE < -
3 >
- A
2 HolMe MASTAM AHME Fim2| Mefe] miEE £ osr l.‘
JHXEo] thet ZTHE MZEiCh ciak Zhm2] Mol CHeE ZEA|
| | 4
82 ofa SUE(R| piop| 2ol 2 SxlshA Aol 2N , ."
ol ZEE Il A KCSMEo thsll +x/5141S Ssin = B Evr
7 PP

A5 Zoe} H|wslgC) (c) pitch RAO

= & sl sliMo| 25H AL

Table 9= KCSMade| S7ixg shafo] sobE dmthead Fig. 13 Comparison of added resistance, heave and pitch
sea)e| CHY 7IX| =248 LIEH D it SES Afste= 2t byt RAOs of KCS
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Table 10 Wave conditions for numerical added resistance
test of the car ferry hull form

-
N

-
o
L

R,/(pgA’B’IL,,)

T2 14 16 18 2
PP
(a) added resistance

02 04 06 08 1.

0.2}

0504 06 08 1 12 14 16 18 2
PP

(b) heave RAO

# AlLpp | MLpp H/N | Almm] | A[m]
1 | 1302 | 020 | 1/30 | 265 1.6
o | 1/225 | 030 | 1/34 | 356 2.4 i
3 | 1/246 | 040 | 1/49 | 325 3.2 2f
4 | 1/248 | 050 | 1/62 | 32.3 4.0 oL e
5 | 1242 | 060 | 173 | 328 28 0o~04 06 08 1 12 14 16 1.8 2
6 | 1/244 | 070 | 1/85 | 32.8 5.6 () pitch RZPO
7 1/250 0.80 1/100 32.0 6.4 Fig. 14 Added resistance, heave and pitch RAOs for the
8 | 1/251 | 090 | 1/113 | 31.9 7.2 car ferry ship
9 | 1/248 | 1.00 | 1/124 | 32.3 8.0
10 1/247 110 17136 324 8.8 Yk FAISIND, FUMER EP_?‘_% of M=ol vl&Hetchs 7t
HE ALSSINCE sl Mef7t etstEe] w2l MALSEE R

1M | 17243 | 125 | 1/152 | 32.9 | 100 S| Sl5t Alsio] o= SHe oo 2| Zo18 A of -
12 | 1/240 | 140 | 1168 | 333 | T1.2 2Ick Sea State 4olME 45 xgiths] 0.7%2] Mg B7bt
18 | 1/244 | 1.60 | 17196 | 328 | 12.8 91T, Sea State 59} 62 2{2f 34.9%, 82.0%2| 2 W&t &7}
14 | 17243 | 2.00 | 1/243 | 329 | 16.0 = ol alct
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Table 11 Comparison of the increase of EHP at irregular

sea states
EHP of full scale ship | Increase of EHP
Calm water 7651.06 kW -
Sea state 4 8391.83 kW 9.7%
Sea state 5 10322.21 kW 34.9%
Sea state 6 13922.92 kW 82.0%

Table 12 Comparison of the increase of EHP at irregular

sea states
Condition N [m] H [m] | Steepness
Normal sea state 3.784 0.151 0.04
Beaufort 8 sea state 5.838 0.292 0.05

V(b) Beaufort 8
Fig. 15 Perspective view of the car ferry ship sailing at 6
knots at a sea state of Beaufort 8

Fig. 162 Beaufort 82| ZZ10llA 2 =282 3|M40M &
gislo] TS RfgME 27| 2[5 AlM EHS0lM Z2Ele{e|
21} E230| HsIE HoiF QUct ol AHME B 6E M%
2 ul=H Zest Z2He{9| 5|M4= 10.32ps2 T2 &
12, AEEQI SAZAA Pl &M= 2F 6.55rpsOlCh

Fig. 172} 182 Beaufort 82| al|Atz=z40|A{ Xk Al 7HH|
2| Muko| 3XRE 28 ¥ NME, FH J2(1 E239| XIEH
ollAe] 20s AlE201d ZE HoiFT Ut Aek2se| FE
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(b) torque
Fig. 16 Convergences of the thrust and torgue to the

self-propulsion point at a Beaufort 8 sea state
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Fig. 17 Time histories of heave, pith and roll motions at
a Beaufort 8 sea state

JSNAK; Vol. 56, No. 1, February 2019

43

2[0]C]of | 1P:121.125.221.*** | Accessed 2019/07/18 13:58(KST)



>

AE FHHE| MEte] mi2E AReRME} CFD a4

400

-200
0 75

resistance[N]
o

85 9

o

Tirr?g [s1
(a) resistance

105

Z 100 |
%
£ " WVW\/VW\MN
£
90
0 75 Ti"?g [s] 85 90
(b) thrust
3.8
é 37}
g 3.6
g s
L
351
0 55 Tin?eo [s] 65 0
(c) torque

Fig. 18 Time histories of resistance, thrust and torque at
a Beaufort 8 sea state
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Fig. 19 Wave profiles on the hull during a wave period

(d) t/Te = 3/4
Fig. 20 Wave patterns around the hull during a wave period
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Fig. 21 Comparison of the pressure distribution and axial
velocity around the starboard side stern between
at the maximum and minimum thrust conditions
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Table 13 Comparison of self-propulsion point of a ship
speed of 6knots at damaged sing screw
propulsion condition between in calm water and
in wave condition

Cond|t.|on Normal sea | Beaufort 8
(6kts, single | Calm water . o
. condition condition
propulsion)
NM [rps] 4.73 6.55 10.32
RTM [N] 20.11 37.87 100.23
™ [N] 14.27 32.98 95.34
QM [Nm] 0.57 1.25 3.48
EHPs [kW] 353.9 771.0 2234.7
DHPs [kW] 505.61 1101.46 3192.47
BHPs [kW] 521.25 1135.53 3291.20

* MCR = 6960 kW ; NCR = 5916 kW
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