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Abstract : In this study, the effect of hull appendages on the high-speed catamarans with reverse bow shapes is compared and analyzed by numerical
analysis and circulating water tank model test. The reverse bow shape showed an improved wave shape by shifting the generation position of forward
divergent wave to the stern direction and was effective in resistance and stable running posture (Kim et al., 2019). In the model test results of the
running performance as the wave patterns and the change of the running posture due to the fin fitted with the inner side of the inverted bow and the
interceptor, 1) Trim characteristics of the inverted bow 2) Improvement of superposition of inner wave by Fin 3) The trim control by the fin and the

interceptor is considered to be effective in reducing the impact of the two hull connection decks (wetdeck).
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Choi and Park(2013)2 “&&d 9] Ayt &-gstux}
slgalAl gk B S HAAF gde el tigk v g gEAddS vhz s dsE AdE TS
wSolgbe RS AES wEo] Wi glom, Q1A Hrlslglon v wEAde] e A AE

Adle] ¥ &8 5 Adre] F9 Qo] SHAA W SFAS FXAMNT R¥APor Felst
Ho)e] FIHA AMH| 2~ AlFEokR FojE o Q. Oh and Yoo(2013)2 &FAbA 2 A& 4o thaf A&
A ek B A9 F8 IS AT, A AT E FaAE o, Pak et al.(2016)2 BEH ¢ F
Aol QoAM= 7 AA W 3 hAdell o3k A3 Hastel o] Wizt W2 A3 5o JFS AES AL CFDS =¥
AA AAFTH(Wetdeck)oll 2H8-8h= o A FAH AF An2 vwste] Ada AFEE FEEY dAS =
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Table 1. Principal dimensions of ship (Scale 1/13.111)

Items Ship Model
Lpp (m) 11.650 0.812
Lwl (m) 11.880 0.906
Beam (m) 6.400 0.488
draft (m) 0.690 0.052
Disp. (nr) 13.69 0.006
Interceptor (cm) 13.11 1.0
Cb 0.551
LCG (%) -2.94
= A2 7he) 3300k AdZI= AxIEEE 660PS

(33OPS><2)°ﬂ 2] A4 (Design speed)i= 17.0 knots(NCR)©] ™,
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Fig. 1. Fitted position of designed fin and interceptor.
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Table 2. Physical setup in STAR-CCM+

Parameter & Condition Unit
Scale Ratio () 13.111 -
density 999.5 kg/m?
Water

kinematic viscosity 1.2727E-06 m?/s

density 1.18415 kg/m?

Air

dynamic viscosity 1.86E-05 p,—S

Reynolds Stress Model

Turbulent Model
Reynolds-Averaged Navier-Stokes

Free surface VOF waves
Wall Treatment High y+
Wall y+ 80

A FHe 3<xIwl<2, -1<yLwl<l, -1<zLwl<1 ©]
Mgl AAARE Volume meshZ AT
Surface Re-mesh, Trimmed Cell Mesh, Prism Layer Mesh® /3
atlth Aty oF 25097 olH, & e HA AEs

Axtslz]l 98l Ax 2P R (Mesh morphing) ©]-8-2] DOF
model S AHE-3FAT). Fig 2& FAALNES f1k BAAZAZ}
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Fig. 2. Boundary condition & Grid system.
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Table 3. Ship speeds for CFD simulations

2
4
flo
H
&
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w
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Case Sh(lllq)n (s){):;ed Fn Reynii)llds1 Olc\ilz.lmber
1 13 0.619 1.315% 10°
2 15 0.715 1.517x 10°
3 17 0.810 1.720 % 10°
4 19 0.905 1.922 % 10°
5 20 0.953 2,023 % 10°

3.2 4|8

Faltinsen(2007)2 % A A 7+ W2
51

Aol GFE F= Aol viste, witute] 7
E3} 5 A 7 Abole] E o AAISHIT

Kim et al.(2019)-> Fig. 32] ConventioalZ} Modified-reverse X1
g9 wAke e gk &394 17.0knots H] Lo A wHAE

skl 47} oo A 230 AAE S mglch

Max wave height
Conventional 0.098m
Modified-reverse 0.095m

Fig. 3. Comparison of wave-patterns between conventional and
modified-reverse bow at 17.0 knots (Kim et al., 2019).
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Table 4. Results of CFD simulations

Simulation Conditions Simulation Items

Case Speed (kts)| Rr (N) | Trim (deg) | Sinkage (%LBP)
17.0 7.442 3.340 0.43
Bare Hull
20.0 8.341 3.382 1.12
17.0 7.401 3.400 0.51
with Fin 4°
20.0 8.132 3.434 1.22
17.0 7.444 2.072 0.08
with Interceptor
20.0 8.895 1.911 0.40
with Tnterceptor| 170 | 7468 | 2115 0.03
and fin 4° 200 | 8847 | 1945 0.4
2 AFdAE, e WS Ao F3H-2 wetdeck
A9 gt MA &Aoot =T Aslell A BASHA
Ho g Mg ditule] Z1nE Fo 1] FH 93 F
He g Aojsta AvFoz 2 & =S A5y
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(c) with fin angle 4°
Fig. 4. Wave patterns caused by fin and its angle.

Fig. 5% 17.0 knots®} 20.0 knotsol| 4] A1 4] WZ2] Fin 1 H
A€ (Interceptor) F-2F f--oll w2 HAA WS5<] 913 Wzl
gk A4 AE VR Aojth

Fig. 5(a)°ll 4] Interceptor -2 AJEN2] 17.0 knots Trime 2°
d5=o] ™, 20.0 knotsell A &) Trime 1.9°% A%kE] L Th,

Fig. 5(b)2] FinZ} InterceptorS 7 F-23t 4-9-2] Trim
Fin §-2Fol oJa tha F718kA 9k Fig 5(@)et s 4o] kA
velgton, A WS 932 Findll 93] 33 o] /Mds =
Aoz A=A

17k

20 knots
(b) with fin 4° and Interceptor
Fig. 5. Wave patterns caused by interceptor and fin.
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Table 5. Test and measuring items

Measuring Items
Test Conditions
Rt Trim | Sinkage
Bare Hull O O O
with Fin 4° O O O
with Interceptor O O O
with Interceptor and fin 4° @) @) O

=odgow AzEg)on,
Fig. 67 #T}

(b) with Interceptor 1 cm
Fig. 6. Test model with fin and Interceptor.
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(b) fitted with fin 4°
Fig. 7. Wave patterns for bare hull and fitted with fin at 17.0 knots.

(b) 20.0 knots
Fig. 9. Wave patterns for fitted with Interceptor 1 cm.

)
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451 W= Fin 31 AW Interceptor -2 5ol whE %
FA A4S dete], REARS T AAAY A5
ITTC(International Towing Tank Conference)oll A | ¢Fat =4 3%
= s o] &ete] A9 AeS FEATHKSNA, 2014).

Table 63} Fig. 10-> Bare Hull ¥ Fin 4°, Interceptor -2} &
of tigk AAE AlF(Cre RHAE ZA3E vadk Aotk
b Al whE AA ) A PladAe SR
17 knots ©]3}2] -7kl A Bare Hull e} ] AJ&A157F oF 5%
A AA JeEbda o™, 19knots FIHE] ol Aol A
2 tsaolg Zom ASH A

Table 6. Total resistance coefficient (Cr) by model test

Total Resistance Coefficient (Cr)
Vs ;
(knots) Fn Bare with with In te‘;qo:eh or
Hull Fin 4° | Interceptor P
- and Fin 4°
(b) with fin 4° 13.0 | 0619 | 10205 | 10.388 - -
Fig. 8. Duplication of divergent waves at 17.0 knots. 15.0 0715 8788 8.893 8511 8.574
} 17.0 0.810 | 7.883 7.939 7.688 7.696
Fig. 9% <3 A< 17.0 knots2} 20.0 knots©ll 4] Interceptor -
o o3 NAFe] wa uw2 e Aol 19.0 0.905 | 7.439 7.443 7.376 7.333
£33} A4 17.0 knotsol| 4], aFEFe} A1) E Wetdeckol] A& 20.0 0953 | 6.719 6.824 7.064 6.966
sh= o] Y4 5 Fg 79 A9 HAP Ehta 9
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Fig. 10. Comparison of total resistance coefficient (Cr).
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gFMgo] 7FAE Trim 6° WL BT Trimo] &4 3
3 S Hola ti(Jeong et al., 2012).
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Hl ol A28 0.1° W]2]e] xfe]2 t]F240]3lH, Interceptore}
Finoll 2% Trim> Fn 0.729} Fn 0.95 AFo]oll A 2F 1.0° x}o] 7}
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a9l
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Table 7. Trim angle(deg.) by model test

Trim

Vs i

eptor and Fin 4°
13.0 0.619 2.59 2.7 - -
15.0 0.715 2.5 2.6 1.9 2.0
17.0 0.810 2.5 2.66 1.7 1.8
19.0 0.905 2.47 2.71 1.3 1.35
20.0 0.953 2.5 2.7 0.9 0.9
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Fig. 11. Comparison of trim angle (degree).
Table 82} Fig. 12 Bare hull €9} Fin 4° 2 Interceptor -
2 5o Aol dis M Aol A ] Al 2 3 Sk(Sinkage)E

ek Aol

Table 8. Sinkage at midship by model test

Sinkage at Midship (%LBP)

Vs ;
ptor and Fin 4°
13.0 0.619 0.01 0.04 - -
15.0 0.715 0.25 0.3 0.23 0.28
17.0 0.810 0.32 0.43 0.25 0.35
19.0 0.905 0.54 0.63 0.41 0.51
20.0 0.953 0.64 0.7 0.47 0.58

MAA FFRo) M9 Sinkager AL 17.0 knots(Fn 0.8)
F-ol A Interceptor®} Fin F-Zol] 23t 797} XAA o]
(LBP)9] 036 %°]™, 7} 7o 21o]A] Sinkage AE A7 2}
o] 02% °JUi] Ao2 AZH UL

= 150 - -
3; @ Bare Hull
= --- withfina’
= ’
= - with Interceptor 1cm
S 100 = 3
- » with Interceptor 1em and Fin4°
[}
o]
= % ——
s P s e,
Z 0.50 — == ST T
@n _____..—--——'J/'___—— — =T
e T il
0.00
-0.50
0.70 0.75 0.80 0.85 0.90 0.95 Fn 1.00

Fig. 12. Comparison of sinkage at midship (%LBP).
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Table 9. Speed-power prediction by model test

Speed-Power (EHP)

Vs ;
Fn . . with
(i) Pl | Fin 4 | mereper | TP
P and Fin 4°
13.0 0.619 97 99 - -
15.0 0.715 124 126 118 120
17.0 0.810 157 159 152 153
19.0 0.905 194 198 201 197
20.0 0.953 213 220 233 226
— 250
.% Performance predition method A
= * Model ship correlation line: 1957 ITTC ,;,,’;E
= * 2-dimensional method — A
w 200 H /
=
150 =
100 r-"’/
® Bare Hull
50 - 4 - withFin4” ]
| —A with Interceptor 1cm
| ] with Interceptor 1cm and Fin 4°
0 I I I |
0.55 0.60 0.65 0.70 0.75 8 0.85 0.90 0.95 Fn 1.00
Fig. 13. Comparison of EHP curves.
Fig. 149] Alojn}E(BHP) =40 AAA F77] & A
ulel7lel A9 o J,OE 0.6~0.65% 7Hg3taL glom, &

Aol A el A d el digh mpE g lojAe AP
A 7] % A 4~ (West Japan Fluid Engineering Laboratory)©l] 4]
ALsE F7] 28 0.6 AHEste] =43 ch

F7HE F-zol] w2 7} 2759 BHP 4 W W2 HEH
19.0 knots(Fn 0.905) ©]&}Foll A=, Interceptor$} Fing 23l 7
$-7F AA Trim= 1.3° B2 o2 Aojsle] AentdEo] A
3 o Trim®] 1.3° ©]&}7}F &&= 19.0 knots 0]”4 3%
B Aol A= BHP7L AA S7heks e Kolal ¢

A A4S 2e B 439 Trim Aol 1.3° o]t
7} E A &%= F Interceptor] Z1o] o] FQ3FIH, Trim 1.3°
ol&te] ol M= Fig 1401423 BHP7} H43] Z7}8H)
Hrt

$7bgol

o 700 T T T T
_g' | —@— BareHull
%ﬂ - @ withFin4° : .
a1 = -A— with Interceptor 1cm :
M- with Interceptor 1cm and Fin 4° _';

500

400

300 /

<
rd
200 ‘//
100
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Fig. 14. Comparison of BHP curves.
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