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Abstract : In this study, trim tabs were attached to end of stern hull of a small high-speed vessel of length approximately 10 m and Froude number 1.0
to improve resistance performance and passenger comfort. Before computational fluid dynamics (CFD) simulations to assess the performance according
to various geometries of the trim tab, the scale effect had been found through a previous study, so full-scale simulations were performed. The trim tab
chord length was set to 0.5 %, 1.0% and 1.5 % of Lpp, and its angle to base line was varied in intervals of 5°. It decreased trim by stern and flotation:
the greater the angle and length, the greater was the effect. Then it had pressure resistance decreased and shear rvesistance increased, and reduction
ratio of total resistance varied accordingly. The results of this study indicated that the resistance performance was improved about 27 % at optimal

running attitude that was the trim by stern about 1.5°.
Key Words : Small high-speed vessel, Trim tab, Running attitude, Resistance performance, Full-scale simulation, CFD
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Table 1. Main particulars of target ship

Designation S[yul?n ]ﬁ !
Froude number Fn 0.985
Reynolds number Rn (et7) 7.01
[knot] 18.0

Design speed Vs

[my/s] 9.26
Length between perpendiculars Lpp [m] 8.97
Length of waterline Ly [m] 9.00
Breadth B [m] 3.70
Draft T [m] 0.650
Wetted surface area S [m?] 29.0
Displacement volume vV [m] 9.70
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Fig. 1. Body plan and side view of target ship.
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Table 2. Main particulars of trim tab

Designation S[yullnu 23)1

Chord length ¢ [m] 0.045 0.090  0.135
Span length b [m] 1.57
Thickness t [m] 0.010

Angle to base line 0 [deg] 5 10 15 20 25

Fig. 2. Geometry of trim tab (¢=0.01Lpp, 6=20").
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Fig. 3. Coordinate system.
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condition)®] Fig. 49l Z=A|Eo] Qi) ALt JHL F A
HENR -1.5<x/Lp<4.5, 0<y/Lp <15, -1.0<z/Lpp<1.0 F7]0]
], 27] A -1.0<ZLp <0 &, 0<zLp<1.02 F7]
@ ol
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Top : slip wall ,)/ .
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4.5L -

Hull : no-slip wall

b L

Inlet : velocity inlet

Side : symmetry plane

Bottom : slip wall
Outlet : pressure outlet

Fig. 4. Computational domain and boundary conditions.
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A
~ |
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(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.
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(a) Coarse grid
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ratio)= 21(9)9} ).

R, = 67',‘,21/67;,32 )

2901 A €= Mol w2 A Axkel S zke] Wit
= 210), A 21, ok HA 1, 2, 3 2 fine,

medium, coarse®] F'UEHS S=3hT)

€01 = S50~ i1 (10)

€32 = S35~ S0 an

(c) Fine grid

Fig. 6. Grid system used in convergence study.
=% JEl(convergence condition)= S~ H|o we} o}

@ol ol

Table 3. Results of convergence study
(i) Monotonic convergence : 0 < R, <1

%k
(ii) Oscillatory convergence : R, < 0 Fineness Cell number Crs T s
L (e+3) [deg ] [m]
(iii) Divergence : R; > 1

) Coarse 843,486 12.7 -7.13 0.297

(@)l 74~ generalized RE(Richardson Extrapolation) UHE 5
Medium 1,916,096 13.1 -7.25 0.300

& A ke )ek BEAA (U0l FAH I, (i) B
Fine 4,685,967 13.4 -7.34 0.303

A wEaA el A(12)9h ol FHWL
*Trim by bow is defined to be positive.
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Table 4. Results of numerical error and uncertainty analysis

CTS T O‘S

el V2
€621 20.253 0.085 0.002
€a.3 0.387 0.120 0.004
R, 0.652 0.701 0.683
S 0253 0.085 0.002
Us, 0.220 0.114 0.003
Ug, (%S 1.65 1.55 0.949

Subscript ‘G’ means grid size and ‘C’ means corrected value.

= AR A7) (grid size)oll /2 9] AMAHE A
d A7 74]—’?9} TAAY aeal ek
) & A5k
o AHEH 74%}74] 7} Fig. 691, 7 Z3}7} Table 3
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AAA Ol el 2% olste] Bz s Mo Hgtetrt At
5 8 1

7 Aduke] v (bare hull)?} -2Hel EF] g o] Aol
FEAbA 2 A EAds Sl A7) Table 59 Fig 7, Fig
Axe]l A A (Rl &2 A Hpressure resistance, Rpg)
7 A W(shear resistance, Rgg) -2 2 T o] Table 6
SAEo] gtk EY ¥ ZAEE 5 (HHoR FUMAFC
u], Aol A Ag FHdo] M IH(inflection point)ys HY
744 B4 S S Th RR%E WA e A A3} vl

g EY o] FaE H9o A Ad 7raE(reduction ratio)

olm, 2(13)7 .

i

[e)

I

2 & g

611 R

R'u'/ trim tab R'u'/o trim tab

R

RR% = % 100 (13)

w/o trim tab

2113 A R Ao A Aot}

FE(lift forceyS WAAIA Mdute] gFEpA] WSS
wahs A met Ex go] KAt og FAAM Y A
stFe] Wish= Edl ¥ %7t S S AR E"(rim by
stern)?} F-A&F(flotation)©] AAda, Z= Ho|rt FUMES
5 Y AmoA e AT AxTh ojd MrEYH
ATl AT E Ade] d¥A el AAagoen, o
A 7 i A9 E 52 Froude T2 288k
g 'o /}_ L(plamng Vessel% %L@.?q 3ol H]%‘O] =2 54

ol wlsl S

o {’_—
v 0.5, 1.5%2 4% EZ = 717}
D287} o] 7k o] Zojmi 7
o] AL-o= ALA FAE
olo A z+z} 1.81° 9} 1.52° ¢
HUG O BE, L] 1L0%] FF-ol %
Aolahis 2Zo] 7}=alt). olo)] wal B Z2EF 8FEAA o
o] A Felsly] g8 EF & zhwr)
o) A& F7hR SR, 15972 v EL
S 4= 9t} olu] ER B 3t Zolo| w= )k Ak

o) A A AZEE oF 7% FAAT

Table 5. Running attitude and resistance performance of target

ship
g * oq
m el [ﬁiﬂ el %
Bare hull 16.7 7.25 0.300

5 15.1 -6.06 0.266 -10.0
0.045 10 143 -4.94 0.240 -14.6
(0.5% 15 13.1 3.75 0.209 216
of Ler) 20 122 -1.81 0.162 27.0
25 12.4 0.897 0142 259
5 145 528 0.247 -13.6
10 13.1 3.55 0.203 21.8
0.090 13 12.2 -1.59 0.155 270

(1.0%
of Ler) 14 12.3 -1.31 0.149 266
15 12.4 -1.03 0.143 26.0
20 12.3 0.087 0.132 262
0135 5 14.0 -4.70 0.233 -16.4
(1.5% 10 12.3 -1.52 0.153 267
of Ler) 15 12.4 0002 0132 -26.0

*Trim by bow is defined to be positive.

- 662 -



o wilo trim tab
@ w trim tab_0.005L,,

RAE nEH FAF

R4

o

= v
5 4%

Table 6. Resistance components of target ship

17|
r S —— 0.01L,, ) Ryg Rpg R
. A c RR%
= | - ot [ee] N1 KNI KN °
= Tor Bare hull 167 151 1.60
G 5 15.1 132 184 -10.0
5 15 _—
@ -
3 . 0,045 10 14.3 12.2 2.06 14.6
Sk R (0.5% 15 13.1 10.8 231 216
8 Y of Le) 12.2 9.44 276 270
S 43 . =
kS 25 12.4 9.41 2.98 -25.9
N A
i A et g —N 5 14.5 12.4 2.01 -13.6
12
; | ; ; ; ; 10 13.1 10.7 2.35 21.8
0 ° 0o 20 2 0.090 13 12.2 9.40 2.80 27.0
Angle to base line [deg.] 1.0%
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