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Abstract : In this study, a trim tab on the stern hull of a small high-speed vessel of approximately 10 m length sailing at a Froude number of 1.0 was
designed for energy efficiency. The running attitude and resistance performance of the bare hull and trim tab hull at several angles to the base line were
analyzed for model and full scale ships using computational fluid dynamics, and compared to investigate the scale effect. The analysis results for the bare
hull were quite similar, but a difference in the attitude control under same conditions of the trim tab was observed, resulting in the total resistance error.
However, there was no significant difference in tendency of the variation in the resistance with the attitude. Thus, the optimum running attitude could be
determined from the tendency despite the scale effect, but a full scale analysis is required to analyze the control of the attitude by the trim tab and flow

characteristics near the full scale ship.
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1. M B EEDD®} o U] & &2 34| 4>(Energy Efficiency Operational

Indicator, EEOD)¥ HF 2 J1#3jof st 847F HYloh A

Ao 3k FAel dE Fopdel wEl FASAE W] 2ATEA WSS Fol7] Sl duyA "k AA

(International Maritime Organization, IMO)= A18}¢] £ 27}~ (Energy Saving Device, ESD)E 23l AY 3 ARE Ux
HZEW 2008 tH] 203013744 40 %, 20503 7HA] 50% 7+ She 5 THER Wo] AREEaL AR, Adubel A

oA
B stal i, AAA 5o SHdA a842 & oA A& S (resistance performance)S £ AU A8 £

HJ
=

_HN

'é‘
S &) oA & &2 A XS (Energy Efficiency Design Index,  9(Daily Fuel Oil Consumption, DFOC)S 7F4Al7]= Zlo] 7]
Z7F fh
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2% nzAute] GFAA Aojel He A

resistance) = -85 H(Effective Power, Pp)o.2 ¥ 715 a1,
T2 ZYAF (model test) 2 AFA HA AAAS
8}(Computational Fluid Dynamics, CFD) 52| 4~X]34 4 I+
S B3 dSdn Ade e A s AF sAs)
A 2y Aol i 4 & Aoz & (extrapolation) s}
A5 = AARE AAAQL o)y SO T o] =
3] ARgE T

2o gk A ARE EQE 45 A4 s
o] gQlo = Qs Ade] Fegt e e dAE
Ak E 7HA] AE Eo] B A HAR 2 H(scale ratio)
E g & u o83 JAK(dynamic similarity) 5 Reynolds
BAEE A BE ] Aol A o] anjrt o
oF 3}al, Froude A9} Reynolds “FAMS S Alo WA 7]=
AL Aoz o9 Froude AT o] Fo7 A= &4
o] 7] wie Ad FH freHt RFH F9 FE
o] T2t F WAR mPMH A4l whE A (frictional
resistance)< & 73 7| S(turbulent boundary layer)ol] o] gk 2%}
9 314E& 7)== 3= Schoenherr?] 7 whEA & Y o 3
29 &3 Z33 ITTC 1957 3-2)(Todd, 1957) 0. Z5E &
AtE B A3 wpk A gkt Zpo] 7k Qlvh Al WA R A4l o
W AH7] & g3 YA A4 A5 (model-ship
correlation allowance)i= B 4%oll wE Wi (Harvald, 1983), 3%
W AAZZRE AAAATTC, 199) 5o AMtE7] o
ol A7 EAE 5= 9l

Al A Aol Aes JE3] o535
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YA CFD 348 43t
of Ade des dS5staL, Aol tigk CFD a4 Ao}
Hlashs A7) A 8% A th(Hochkirch and Mallol, 2013). T
%38l 315 Z7(loading condition)ol] ] A &A TS o F3}
7] §13l o 2] EF(draftyoll A M3 Aol sl CFD
As Fdstal, 7 AAENTE J5d A9 des vl

Sk A7F A AT (Farkas et al., 2018). A= Fge] W

fr o

G5 AN L F3 wvel BE A7

st w2 AFPdeS vusty] s EFAFTL B,
e gt CFD 84
5E dSFste] v A TH(Niklas an
Pruszko, 2019). ©] o= F& o] 2|3t o T(scale effect)?} I
, O|RFE] A
gk 253491 s ] Fado] Az ar gl
A A E Froude F 1.0 % 3l 2ol oF 10m
2% u&kHMdte] oux] a8 AAE 98 AnPd EH

5 (trim tab) S F-2ske] A7 W(base line)?e] 21 =5 W3HA|
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B!
E
o]l STAR-CCM+E A}8-3}o] CFD 3lA4& F=3J3Fqict. A
o] A5 oS Wiel W& AolE Hlus] fs] 2P
Aol sl 2tz djAls Fstglon, Ry ot
A A= ITTC 1957 WS ARgshe] Ao %
T AnE vusgith

QR S

2. O|EX W4

2.1 X[HiFA
HI & A A (incompressible  fluid)ll

gk = ufog A
(governing equation)<> <77 2] (continuity equation)?} 25 %
=
=

-4 2] (momentum equation)©] 32, ¥8H2] A 2] Aol =

2 oAHE 7 3Hensemble averaging)® 2] o] AREEITh
ol Hostd WA A2 Reynolds - Averaged Navier -
Stokes(RANS) "7 2} o]ar, AL7d 413} RANS WA 4 €]
2! Z} 3 (cartesian coordinates)oll T3l Bl A (tensor) E 7] (1),
21(2)2F - ThH(Ferziger and Peri¢, 2002).

o —
ou, () =0 (1)
0 ( — — 351 _ 8;
ot (pu) + pu; ox; o
o | [ou | ouy) —
ox; a ox; ox; puit
+pg; @
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22 LR 2H
B33 GF 52 oSl Reynolds Stress Transport
RST) & %2 (turbulence model)©] 2+5 7 7d(eddy viscosity)
Hla) A7k Hrhar OLE#X% UL, WA HoE A

2o
(bilge vortex)2} 22 AA F9 F59 oS0 FI}HF o]
2004). 344k RST %9
A

~

\n}

g} g3zl vk 9l th(Deng et al, >
Reynolds 288 AHolsl7] _?,]gH A A o7 We v als
Zew 87| wiel B < CPU9 3 B ARt Al
ko]l @ -HT

WA k—e 2P CFD A dA G 5o 4t
s d5sh7] faE 7P 9l AR EE dubEQl
W &5 ol Y X (turbulent kinetic energy) £} ©]9] A
(dissipation rate) el Tt 2702] =41 2] (transport equation)
wro g gAY 274 Bibek Ui fEo] sty A
2 AFdAM s dA FH9 G
55 d=317] Y3l Realizable k—e(RKE) 2 E-S 2123131
. ©]= Standard k—e(SKE) B dol| A A2 A ostd
9 A4 (model coefficient)E SH-= A oslar, Wi/ *
YA o kgl g MEE T%“%”éﬂ]

vk Rk A A A o) A=R=

L
Oll

o

ITr o

FF 5 (turbulent eddy)d] A4 A7t H(wal)H 77k
=l

A=

T

|- = Bel A gigk SR, At W FodAE

WA A o ® BE] A o] ¥] = Two-Layer(2L) 7|5 o] A5
Atk

RKE 2L ®dle] Wf 5oy x| et 1] AAakge] tigh
TEYEAZ AG), A@et ZrHCD-adapeo, 2018).

o) 22

axj axj

+ /.G, + G+ Yy~ P(E - 6()) 3

9 9 ;) Hy
ot )+ %, ox; PEU o [( ) ]
1

(fSk + Cedc;’b)

T

€ €o

k
O
Mkw;(n T) @

A71A vieE FA T34 Al (kinematic Viscosity), =
it 9w A4 AT, oy, 0, Cy, C,, Cye B9 AT
T IEF XA Al (curvature correction factor)(Arolla and
Durbin, 2013), G, ¢} G 3+ &% THl(velocity gradient)@r

F-&(buoyancy)oll 28] 23 dF LFANUA, Y, BF

uhg

[e)
-+

4 B (compressibility modification)(Sarkar and Balakrishnan,
191), S= Hit WHE 4% (strain rate) BA o] HET X
(modulus)o]t}. HEZF T& W79 AlZF 2 E(twbulent time
scale)Z, ol HAF 09} e Ambient turbulence(Spalart and
Rumsey, 2007)9} Large-eddyS ]| 3ht}

7t ol digk ApMe AW STAR-CCM+ User Guide
(CD-adapco, 2018)°ll 71&% o] )

2.3 X7 +H

2 ATl A= AA FH] AT FH(free surface)S KA}
s}7] 913l Volume of Fluid(VOF) E2lo] A8t} VOF 24
= EFEA e FAY BAW ¥ (distribution of interface)
9} o] F(movement)S dSetE WO R S BxS A
el QA= 259 2ol Aeolxe A9 AA & (volume

fraction)ol] 2|3} A} TH(CD-adapco, 2018).

_ Y ;
= ®)
A7NIA v, Acell) Well EA5HE mHA A2 A,

Vi o] A AHelm A v BE A9 AL T

H
1o] frk. ojwf zt frA| o] AA &L A Wl sid FA7F
A8 glow o, 4ds] AAA dew 1, e frAek et

R s

A AAREE A A dSete
¥4 0 2 ITTC 1957(Harvald, 1983), ITTC
1978 HWFH(ITTC, 1999)°] 9111, T WhH el zpoli= A9 &
el Al 7118k & /44 3 (form resistance)©] i1#] of F-o]t}.

A7) i AuS Froude F 1022 283h= A% L
229} 7] 8} (wave-making res1stance)9]

d %] &(viscosity resistance) w91 &

A 8-S a18EA eg% ITTC 1957 W& AP%M A
P45 FAsiv

Holl A Ao A Age 273 o] oF

Rpg= CTS(O'SPSSSVSZ‘> @)
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E= ]

4

AN Ry A A, O A A Al (coefficient), p=
A2l %, S+ H4HEH A (wetted surface area), Vi A<
(ship speed)o] 31, o}el] Hz} S&= AHAE oju|str).

A d A AlE 2@ o] Aotk

Crg= Crgt Cpg+ Cy+ Cyy (®)

714 Cpe %A E(residual resistance) 715>(Forgach, 2001),
Cr= WHEAF Al195(Todd, 1957), C, & RFA-A4 &3 7
T, O 37143 air resistance) Al G~(ITTC, 1999)°]t}.

ol RYPM-AH AT A9 2ol A wig
off #et FE Ao 2HE A7 ¥ h(Harvald, 1983).

1000 « Cy = 0.5 « log(A) —0.1 « [log(A)]? ©)

A7|1A Ae Ad9] 85E(displacement tonnage)©] U}
.-
[e)

i) ol @ AHAIEE AL Zha EE Al
7] %ol St
3. A+ i
3.1 oo
2 ﬂ?ﬂ o ke FAR Y Ars 3 EXoz
AAE F 10m 5 Zole] FaFAutolt), A 45 (design
speed)+

At 2ol AL A8 A|7Fo] ¢F A7t H
55 18.0knots® ZAA S, Froude & <F 1

Table 1. Main particulars of target ship

L Symbol .
Designation [unit] Ship Model
Scale ratio A 3.6

Froude number Fn 0.985
Reynolds number Rn (et+7) 7.01 1.07
ot 18.0
Design speed [knot]
[m/s] 9.26 4.880
Length between
perpendiculars Lgp [m] 8.97 2.491
Length of waterline Ly [m] 9.00 2.500
Breadth B [m] 3.70 1.028
Draft T [m] 0.65 0.181
Wetted surface area S [m?] 29.0 2.238
Transverse area 5
above waterline Ar [m] 4.89 0.377
Displacement volume VvV [m’] 9.70 0.208

Hube] g4l Alofe] W A

F4% A L 53 mie] BE AT

=

TTEE Al ste] 3.60% 7“45421013% A mEMe] F
2 A Y (main particular)< Table 191, 241 2] A = (lines):= Fig. 1
o EAISFSATE
32E™ |

B AFNME ARG Mt FFE FHoR F
FAAE Aofetr] S8l AA ] Aniol] ER] ws K-23)
At Ed 519 := Zo|(chord length, o) A A A7

(Length Between Perpendiculars, Lgp)2] 1%= 3 A 3}] Fig, 201
SAE R o] Anjgehs wel AA Wit A (ap)el
W3tE Fr Aot

At mgde] YA =Y el F2 492 Table 20]
ZA e
Table 2. Main particulars of trim tab
Designation [unit] Ship Model
Scale ratio 3.6
Chord length [m] 0.09 0.025
Span length [m] 1.57 0.436
Thickness [m] 0.01 0.003
Angle to base line [deg.] 5 10 15 20

Fig. 2. Geometry of trim tab (a,=20").
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41 ZBEA
B Ao AFRE FHFAE Fig 39 EAE AT} ol x-
2 fF W, y-F2 99, 252 TY vy W] &

[e)

©
(positive)2] ko= Aeolx|a, A F7gA9} 5} (sinkage)
o2 RE 5 MAo| g H 42 A (fixed right-handed
coordinate system)©] T}, ZEAIS] A (origingS A A Q] T
3) o' (midship), %4 ¥ (center plane), W ZHE] A o A}

™ (undisturbed free surface)] nLx}7o]tTh,

Fig. 3. Coordinate system.

42 s 7|H

A AS 7] flske]l ARt G 9 (domain)> 3 2
H (Finite Volume Method, FVM)S &3 379 22 A=
Lo x| a1, o] A3} (discretization) TS A X oA A
(algebraic equation) .= HZE U}

T+ o] 2F3}(space discretization)S 9] 3Y
H (cell-centered finite volume method)©] AF&-% a1, of F3F
(convective term) 22F &/ *FEH (Second-Order Upwind
differencing scheme, SOU), &-Aak(diffusion term) & <2
(Central-Differencing Scheme, CDS)2 %53 ©]2Fa}=] ).

et A (pressure-velocity coupling)oll = SIMPLE
(Semi-Implicit Method of Pressure-Linked Equation) ¥312]<50]
AHE-] At}

ool g A2 5 (motion)> DFBI(Dynamic Fluid
Body Interaction) & (module)Z 3|2 = AL, 6 A= (Degrees
Of Freedom, DOF) &% 5 z-57 Ha3 Y3125 (heave)Z}

y-EHS FA0R e 83 pich T 1 H

F4 fraA

. l:ﬂ—%

o
=1 T
time step< 2)(10)3} 2o] A 2] %= Courant numbere] 2] 3F
Courant - Friedrichs - Lewy(CFL) =71 (Courant et al, 1967)2.%
FH AAsi

_ lulat

¢ Az

< Cax (10)

1714 |ulE =H (local velocity), At time step,
Az 5 BE sk A
Courant number= A|F 7HAwmbet gk 7o) {2 4=7h At
2= Ao FE o

Mubol tigk CFD s Aol M= 2+ AollA ¢, 7} 19] CFL
ZAE A7) A9, two equation turbulence model(RKE
2L)0] A2 9 time step> 0.01 L/ UR T 22 gho] A%
H B E(ITTC, 2014) 23 Axe] silel A 2+t 0.002,
0.0025% % 2433}

“d
2,
=
o
2
o
)
oflt
i)
o
=
3
g
8
‘.
&
o
R

43 AM FY A FA A

AAE 4 9 (computational domain)® A Z7(boundary
condition)2 Fig. 49l =A]8FG T AAE G GL 215 < x/Lgp <
45,0 < y/Lgp < 1.5, -1.0 < Z/Lgp < 1.0 H7]2] ZHGHA] e
olm, 7] Z3olA -1.0 < Z/Lp < 02 &,
7] 4ol

AA Ao AA UL no-slip wall, FUH-2 velocity
inlet, %W pressure outlet, 3} H-E slip wall 1
Agst, A AW S symmetry plane F21S 4]
43ko] AA 9] BFE(half breadth)ol] th3t &S =3&}

A Aol A Al o3 A SHwave)7t 7 Al
A HRALE]X] FEE 25 < x/Lgp < 4.59 grid damping region,
3.7 < x/Lgp < 4.5 numerical damping region= 4 &3} T}

o L

Top : slip wall

Symmetry : symmetry plane

4.5L

Hull : no-slip wall —

Inlet : velocity inlet

Side : symmetry plane

Bottom : slip wall
Outlet : pressure outlet

Fig. 4. Computational domain and boundary conditions.
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Overset grid region

o | ——

QSE Numerical damping region

(a) Grid region

™ [Grid damping region Background grid region\

ion

Grid ing region
|

e ——

(b) Grid on symmetry plane of y=0

(c) Grid of hull surface near bow

(d) Grid of hull surface near stern

Fig. 5. Grid system.

AT A D FH aso] Be AT

4.4 Axt 4y
A AH(grid)x= STAR-CCM+2] Trimmer(trimmed mesher) ]2~
S5 ARl AS5wA deje] Hg ™ AR} (unstructured grid)
E AAskala, AA 2el= $3H A 71 (overset grid
method)& A&tk T3 A 7ML wiE Ax I
(background grid region)> 1178 %¥ AN T3 AR} G H(overset
grid region)i Ao} A fgste] A wol T A
2 Azt w7t 7hssith T3 AR 492 07 <
x/Lgp < 0.7, 0 < y/Lgp < 0.5, 0.3 < z/Lgp < 0.3 F7]9] 2 &

A Gt

B 3} (wall ﬁmcuon)-— ALgsle] AA mwHe AAE
(boundary layer) S5-S S1415H7] 18] AA) Ewlel Zel%
Z(prism layer) ﬁEH itk R WA Z7px)9 Eapdshy

5124

71 2] (non-dimensional wall distance, y+)i= 120°0] 1, 1.39] &3
H](expansion ratio)= & 6712 TS AU

Hr He] g BAME Y8 A 2l AR
ZAsHA wjAxeklar, ko] 9AbE WA Er] s
o o ZeE Az 1HAS WA wiA ST

3 AR A ANEA QL Aol viAE Fig 5ol =AI

45 AX HE

Aol ALEE AAFA(grid system)e] 7S (verification) S
ITTCOll A AaLsh= Axpel A 3lol w48 &k THITTC,
2017). CFD 4ol AL&E= 54 v/ 4= (parameter) S 7
=3t7] S8l AlEE ] (simulation)®] ]2 2 XKnumerical
error)®} XA £/ (numerical uncertainty)©] 3 7Hel TF,

54 w7 ofgh 24 expet B A

ATES TAT A 2D 2ol A= 714 1] (refinement
ratio)= 3 W MSAATF A AiE vaske ¢
A A (convergence study)Z 5B FAF T}

= AIM/AIM = AIi,S/AIi,Z = AIi,m/AIi,m—1 (11

A7 Az 48 o)A (input parameter) 2 43S 4
71t Sl #HAg 3719 kel 8731, G~ H](convergence
rtio)= 2(12)sh o] geldr}.

R, = Ei,Zl/Ei,SZ (12)

ol = Wio] AANE X e el 4 Al 5,

Abele] AR 2)(13), 2149} 2ol AFa, ofl HA} 1,
2, 32 fine, medium, coarseS 2 m] 3t}
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olFd
€01 = 5‘7:‘,2 - 5‘7‘,‘,1 13)
€;,32 315 - 3] 2 (14

(a) Coarse grid

. l:ﬂ—%

359

<3 Abel(convergence condition)= UF2-I} o] = u|o
we} 37h % e H ),
(i) Monotonic convergence : 0 < R, <1
(i) Oscillatory convergence : R, < 0
(iii) Divergence : R; > 1

D AS A4 e BHAYL
generalized Richardson Extrapolation(RE) HH ©

A5 FAA BEAge Hassh o) F4Ah

>~
R
o
L
K
e

U= 5(50- ) (15)

Table 4. Results of numerical error and uncertainty analysis

(c) Fine grid

Fig. 6. Grid system used in convergence study.

Table 3. Results of convergence study

Seale Fineness Cr T* o
(Cell number) (e+3) [deg] [m]
(5‘;‘5’2;‘*6) 27 13 0297
Full (lljg‘;‘éj}g;@ 13.1 -7.25 0.300
@ 61;2‘; - 134 -7.34 0303
(5%32269) 13.2 -7.15 0.082
Model (fﬁiijff?z) 13.4 -7.25 0.083
(259211“5‘;8 6 13.5 -7.31 0.084

Scale Cr T o
Ta V2
€621 0253 0085  -0.002
€G3 0387 0120  -0.004
R, 0652  0.701 0.683
Pe 124 1.02 1.10
Full Pa,., 2
C, 0534 0426 0464
Ons. 0473 0198 -0.005
S 0253 0085  -0.002
U, 0.220 0.114 0.003
Ug. (%5Sg.1) 1.65 1.55 0.95
T \/5
€62 20091 0061  -0.0008
€63 20159 0101  -0.0013
Ry 0574 0603 0598
Pe 1.60 1.46 1.49
Model Pa.., 2
Cq 0.741 0659 0673
Ons, | 20123 0093 -0.0012
de1 0.091 0061  -0.0008
U, 0.032 0.032  0.0004
Ug, (%Sq1) 0.24 0.43 0.46

*Trim by bow is defined to be positive.
Cp means Cyg in full scale and Cp, in model scale.

o means og in full scale and o), in model scale.

Cr means Cpg in full scale and Cpy; in model scale.
o means og in full scale and o), in model scale.
Subscript ‘G’ means grid size.
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o714 8,9k S, %15 (oscillation)
I F Hdigkd Hagtolth
(i)e A9+ f4 Axrt dakdivergence) 7 S H.o] 7]
o] A4 eajeh RIS 24T & fvk

BoAFe s A4 A7) (gid size)?] HAHE V2= 8
ol A A3 A (CT) 731/\}7L(7.) ;213].3‘;(0)9] THA AT

B4 A Ao ALgE ARAE

L TEA dE A AZAE Fig 6o, 1
Table 30l S=AlSFaL, 2F A=Al gk a4 A+
AEl7E ()l SE =22 generalized RE WS A}
A7 osst BIUYS FAskenh

P} Aae] A6l g ARAL FHH oAb}
a4 4 AFE Table 40 Z=AIEAT A7) pE A

SHA A %= 2F4(limiting order

= &3 =Y

ol
o1

1:!

mﬁ 01
4 B
v o 2

_4

2R
g5t

[e

=]

= %
T

.

ZF<7(order of accuracy), p, =

o

R

of accuracy), C,+ T4

7_4' 5 17 U= 24 Aol oe #4€ 34 2ot
2l 2d o]t} generalized RE WH 3} 2} ghof] off 8k z}A| 3k A
E324 E2o] th3t ITTC Recommended Procedures
and Guidelines(ITTC, 2017)°ll 7150 9l

ANRZHE fine AAAC gk A A} A, A,
kel B vlEo] ZF 1%, 2% olste] B A
AHg-d AzAZE Agsirhal wdeRgith

A Al 9(correction factor), 51*?3}1

R

5. 8 1

AA e dj 4 Ho 5 (seawater) == 15T A,

Ao Ae Ze 259 T(fresh water)oll A 3= Ut
(ITTC, 2011).

RyMe] A A2 ITTC 1957 WHES AR&ste] A4
A Agon dgatdn, mde A A AFE oA
Gt vh A AR Fieke] Table sl EAISFIE A4
4 gl A A@)e] ZIH-AN G o A
WGBS 5E 20)0d o 04e30.2, F71AT AT=
Table 5. Resistance components of model scale ship

r [deg] Cry (e13) Crar (e13) Cry (e13)

Bare hull 134 10.4 2.96

5 122 9.20 2.96
10 11.6 8.61 2.96
15 10.7 7.69 2.96
20 10.9 7.90 2.96

ST AN L FH motel wa 9
A 5o 3t A (transverse area above waterline)ol] w2}
0.17e-30.2 AAIGTE. E2AAZS =219 gL ukz
omm A4 sl BHasy, wade Peldel %3
uE Fote] A4el Aswow Hgsdn.

By a4 AdrRy dS5dE Ao gl A
A 8 byt Aol da A5 4 Aukelst A5 o)
A A3)E Table 69} Fig 7, Fig. 89 E=A8I Tl o714
RRYE =3 92 A5H4 2 i bare hul) thv] A1
72 $(reduction ratio), F%S+ A4 & Aol A &4
A3} iH] @ 2Kerron)® 2(16), A(17)2 Zeo] AHe]Hrt.

Ru' rim a)iR'u' o trim tab
RRY = —uH i _—wholrim i (16)
R'u'/a trim tab
o7 Qo Ry — Ry

E%S = ———— %< 100 (17)

ol R Al d Agelar, of HA M RFA
A4 AnmyE A4 SgRes, st Adel dal 4%
A e ov g,

A% A4 At AP B sl 29 9 7
%7} 137, 1490 B9l vlal F7b AN S FaSa, 4 g

Table 6. Running attitude and resistance performance of target

ship predicted in each scale

ar Ryg T* Og
Scale - - RR% E%S
[deg ] [kN]  [deg]  [m] ’ ’
Bare  Full 167 -725 0300 0
hul  nodel 168 <725 0300 '
Full 145  -528 0247  -13.6
5 54
Model 152  -566 0260  -9.3
Full 131 -355 0203 -21.8
10 10.8
Model 145  -423 0228  -13.8
13 Ful 122 -159 0155 -27.0
14 Ful 123 -131 0149 -26.6
Full 124  -1.03 0143 260
15 7.6
Model 133 -193 0170  -20.8
Ful 123 009 0132 262
20 10.1
Model 136 053 0144  -19.2

*Trim by bow is defined to be positive.
Ry in model scale was extrapolated by ITTC 1957 method.

0g in model scale was multiplied by scale ratio.
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Table 7. Resistance components of target ship predicted in each

[ ] wio trim tab_Full scale
17 [ L 4 wio trim tab_Model s¢ale scale
L . ——@—— wi trim tab_Full scale
- wfye coowyl trim tab; Model scale
g i (IEWTS Ii:T?zie::calfhwii extrapolated Qp Scale RTS RRS RFS
= er [deg] [kN] [kN] [kN]
@ A Bare Full 16.7 15.1 1.60
B 15 hull
9 ~ Model 16.8 13.3 2.78
g A
.‘E“ 14k s Full 14.5 12.4 2.01
(7] B A
[ B v = Model 15.2 11.7 2.78
= i
s °f Full 13.1 10.7 2.35
= B 10
L b.' o Model 14.5 11.0 2.78
T T T I 13 Full 12.2 9.40 2.80
0 5 10 15 20 25
Angle to base line [deg.] 14 Full 123 9.38 2.89
Full 12.4 9.38 2.99
Fig. 7. Resistance performance of target ship predicted in 15
Model 13.3 9.81 2.78
each scale.
Full 12.3 9.30 3.04
20
[ "Bt wio trim tab_Full scale [} os-wio trim tab_Full scale -] Model 13.6 10.1 2.78
4 - ’ ‘wio trim-tab_Model scale fo-trim-tab-Model 1o — 1.6
| —@—  witrim tab_Full scale & Jtrim tab_Ful . Resistance in model scale was extrapolated by ITTC 1957 method.
2f A A A e R Rpg and Ry in full scale is pressure and shear resistance in CFD.
I multipliedby scale ratio.) - -|
0 1.2

N BN R
N
¢ o

Trim angle [deg.]
N
o
oo
Sinkage of ship [m]
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Fig. 8. Running attitude of target ship predicted in each scale.
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Fig. 11. Pressure distribution on bare hull according to scale.
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Fig. 14. Pressure distribution on hull according to application
of trim tab(a,=13%) in full scale.
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