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Abstract © In this study, we analyzed the resistance performance and running attitude of a catamaran by numerical analysis with a conventional bow,
which is generally applied, and a reverse, protruding bow. The shape of the reverse bow was compared through numerical analysis and model tests. The
reverse bow shape showed an improved wave pattern by shifiing the generation position of the forward divergent wave to the aft in comparison with a
conventional bow shape. This effect was found to be effective in determining resistance and stable running attitude. The hull resistance improved by about

2.95 %. The comparative numerical analysis and model test for the reverse bow shape completed in this study should be useful for future hull design

application.
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Fig. 1. Bow types on Multi-hulls.

582 Fig 2¢9F Zo] A2 A5 (Conventional

bow)e} A WEAE M4 (Modified-reverse bow)e] 2714 &4}

AAFERNeH, T8 A Y-S Table 10 G283l A4

7 (F P~Tstation)y> A2 Agef vy =713 S Ad

g A Wy AR dAsglen, 8 FEMAE 1L

gato] dule A= 2 Ao 33T} A A S E(Design

speed)i= 17 knots(NCR; Normal Continuous Rating)®]™, =t

22 20 knots(MCR; Maximum Continuous Rating)©] T}, 3l 4] &=l
Geometry 372 Fig. 3914 WERA AT

Modified-reverse bow

Conventional bow

Fig. 2. Comparison of forward-side hull forms.
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Table 1. Principal dimensions of ship (Scale Ratio: 1/13.111)

Items Conventional Modified-reverse
Ship Model A Ship Model B
Lpp (m) 11.650 0.812 11.650 0.812
Lwl (m) 11.880 0.906 11.880 0.906
Beam (m) 6.400 0.488 6.400 0.488
draft (m) 0.690 0.052 0.690 0.052
Disp. (m’) 13.69 0.006 13.69 0.006
VCG (m) 0.425 0.032 0.425 0.032
Cb 0.551 0.551
LCG (%) -3.75 -2.94

Modified-reverse bow

o

(a) Forward-side

Conventional bow

Modified-Reverse bow

(b) Starboard side
Fig. 3. Geometry of ship.
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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
Ak density 1.18415 kg/m®
dynamic viscosity 1.86E-05 p,—$

Reynolds Stress Model
Reynolds-Averaged Navier-Stokes

Turbulent Model

Free surface VOF waves
Wall Treatment High y+
Wall y+ 80
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(b) Grid system
Fig. 4. Boundary condition & Grid system.
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Table 3. Ship speeds for model test

o A i
1 13 0.619 1.315% 10°

2 15 0.715 1.517x 10°

3 17 0.810 1.720x 10°

4 19 0.905 1.922x 10°

5 20 0.953 2,023 x 10°
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(b) 20 knots

Fig. 5. Wave patterns for Conventional bow.
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(a) 17 knots

Max wave height
nventional 0.098m
ed-reverse 0.095m

Conventional bow
d —— Modified-reverse bow

Fig. 7. Comparison of Wave-pattern at 17 knots.

Table 4. Comparison of Total Resistance Coefficient (Cr)

(b) 20 knots

Fig. 6. Wave patterns for Modified-reverse bow.
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Vs Cr (X 10%)
Fn
(knots) Conventional Modified-reverse

13.0 0.619 10.535 10.534
15.0 0.715 9.464 8.930
17.0 0.810 8.746 7.866
19.0 0.905 8.628 7.059
20.0 0.953 7.889 6.805
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Fig. 8. Comparison of CFD Result.
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Fig. 9. Test models.

Table 5. Model ship Test Speed

Vs(knots) Fn Model Test - V,, (m/sec)
13 0.619 1.847
15 0.715 2.131
17 0.810 2.415
19 0.905 2.699
20 0.953 2.842
21 1.001 2.984
23 1.096 3.268
25 1.191 3.552
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(b) Bow and Stern-side view at 20 knots
Fig. 10. Model test result of Modified-reverse bow.

FAHL 9F 1.99~3.79%2] x}o]E Ho]al )

- 927 -



[e]
HAEAg - e9E -4

Table 6. Comparison of Total Resistance between CFD and Exp

Vs Fn Cr (X 10%)
(knots) CFD Exp.
13.0 0.619 10.534 10.748
15.0 0.715 8.930 9.195
17.0 0.810 7.866 8.163
19.0 0.905 7.059 7.337
20.0 0.953 6.805 6.976
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Fig. 12. Speed-power Curves of Exp. and CFD.
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