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A Study on the Trim and Resistance of Small Catamaran

Using Numerical Analysis and a Model Test
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Abstract @ In Designing a Small Ship, the Design of the Trim for Sailing has a great influence on the Stability of the Ship as well as Resistance.
The Center of Gravity of a Ship is mostly determined during Initial Design. This Study confirms the Effect of Trim on changes in Vertical Center of
Gravity by Numerical Analysis for a Small Catamaran. The Results were examined in a Model test. However, No Model tests were conducted while
varying the changes in Vertical Center of Gravity. Nonetheless, Investigation was completed for the Purpose of presenting Vertical Center of Gravity
results according to plans for the Trim during Initial Design of a Small Ship. In order to verify the Results of Numerical Analysis, a Comparison

with Experimental results was carried out. Alternation of Trim angle and Resistance performance according to changes in the Center of Gravity were
studied.
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(a) Forward (b) Forward-side

(c¢) Starboard side
Fig. 2. Geometry of ship.
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Table 1. Principal dimensions of ship - o1
7L Table 20 YEFHAT A4 23 A5 RPAE
Dimensions (Scale 1/10) L EA &2l
Items
Ship Model
Lpp (m) 12.940 1.2940 Table 2. Physical setup in STAR-CCM+
Lwl (m) 12.940 1.2940 Parameter & Condition Unit
. 3
Disp. () 11.220 0.011220 Scale Ratio (\) 100 _
Disp. (ton) 11.500 0.0115 density 999.5 g/
Water -
Beam (m) 5.00 0.500 kinematic viscosity 1.2727E-06 m?/s
Cb 0.289 0.289 dynamic viscosity 1.86E-05 p,—
W.S.A. (m?) 45.724 0.4572 Reynolds Stress Model
Turbulent Model -
Reynolds-Averaged Navier-Stokes
— Free surface VOF waves
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Fig. 1. Lines of hull form.
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Fig. 4. Position of VCG.
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Fig. 5. Change of Trim angle with variation of VCG.
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Table 3. Conditions of VCG in model

VCGu/Lppm (VCG (m))

Fn

Case

| © )

13.5 % (0.175 m)
13.9 % (0.180 m)

__VCG=019

Fig. 6. Test model ship.
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Table 4. Model ship Test Speed

Vs (knots) Fn Model Test - Vm

(m/sec)
7.0 0.320 1.139
8.0 0.365 1.301
9.0 0.411 1.464
10.0 0.457 1.627
11.0 0.503 1.789

(b) free surface flows at 10 knots
Fig. 7. Wave Pattern at 7knots and 10 knots.
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Fig. 8. Trim change by Froude number.
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Table 5. Comparison of Trim between Experiment and CFD

Vs . Trim (deg.)
n
(knots) Exp. CFD
7.0 0.320 0.12 0.09
8.0 0.365 0.09 0.06
9.0 0.411 0.37 0.51
10.0 0.457 1.50 1.51
11.0 0.503 2.25 2.21
2.50
E)(p
~ = CFDtest |
2.00
| | Z
=1.50 ! !
= I i 7
= ] ]
Z1.00 : :
0.50
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Fig. 9. Comparison of Trim between Experiment and CFD.

(b) 8 kts (Fn=0.366)

WaveHeight
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(e) 11 kts (Fn=0.503)
Fig. 10. Comparison of Wave Pattern from Snap Shot between
Model tests and CFD according to Speed.
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Table 6. Comparison of Test Results from Exp. and CFD on

model scale

Vs Cr (X10%)
(knots) o Exp. CFD
7.0 0.320 8.15 8.11
8.0 0.365 8.24 8.11
9.0 0.411 921 8.95
10.0 0.457 11.33 10.88
11.0 0.503 11.73 11.28
RN Aol XA 2T Ao BT FA}
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< 575 4 VCGwLppn=
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Fig. 11. Comparison of Cr between Experiment and CFD graph.
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