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Abstract : This research presents an efficient method based on computational fluid dynamics (CFD) for estimating the resistance performance of a ship
with a large settlement amount and a dynamic trim. The settlement of the inviscid flow analysis and the results of dynamic trim were used to set a large
attitude for the ship prior to performing a viscous flow analysis; a viscous flow analysis was subsequently performed by Dynamic Fluid Body Interaction
(DFBI). This method is termed as method I, in which a simple grating system can be used without employing the overset mesh technique by setting many
attitudes before interpretation. Thus, method I is advantageous in reducing calculation time and improving calculation accuracy. The viscous flow analysis
was performed using a commercial CFD code STAR-CCM+. Compared with the final convergence result, the first viscous flow analysis result of method 1
exhibited a variation of less than 1% of resistance. The result was obtained by changing the gratings each time an attitude is changed at each
calculation stage, based on the DFBI method provided to STAR-CCM+ using a simple grating system, which is not a superposed grating. This method
is termed as method 1. Compared with method II of resistance, method I exhibited a difference of 0.03 - 0.6 % for linear velocity. The results of method 1

were confirmed to be qualitatively and quantitatively appropriate through comparison with several trillion simulations.
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Fig. 1.

High speed vessel with large sinkage and trim.
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Fig. 2. Hollow and hump phenomenon of resistance curve by
large sinkage and trim.
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Fig. 4. Object vessels (1% ship: red, 2™ ship: black).

Table 1. Particulars of the object vessels

Object vessels
I ship | 2™ ship
Scale ratio 6.4
Length between perpendiculars, Lpp (m) 9.46 9.46
Breadth, B (m) 2.87 2.64
Draft at FP.&AP, Tg/Ta (m) 0.35/0.53 | 0.4/0.55
Displacement (m’) 10.60 10.61
Wetted surface of a ship, Wsa (m?) 38.40 37.74
Speed range (knot) 9.0~15.0
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(a) Initial draft (black) and main draft (red) before viscous flow

calculation set by potential flow analysis
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(b) main draft (red) and 1% result (blue) after viscous flow
calculation set by potential flow analysis

(c) 1% result (blue) and 2™ result (green) after viscous flow
calculation set by potential flow analysis

Fig. 6. Viscous flow calculation procedure set by potential flow
analysis (11.0 knots).

Table 2. Results for viscous flow calculation procedure set by

potential flow analysis (11.0 knots)

o (| Sinkage(m) | Trim deg)
Potental Code ) (_;)6?41121 g/?) -1.0228
IZYAII;I%SES 53.0845 'Zi?(ff(;/?;‘ 02139
ZHSYAB;IE?S 53.4159 '(66?94915;/?;‘ 0.0724
32?;‘;1]?;5 53.6473 -(16.7286155/?? 0.0099
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Table 3. Results for viscous flow calculation procedure set by
potential flow analysis (15.0 knots)

Riiﬁ;i?%%m Sinkage (m) | Trim (deg.)
B N ey
Code
11YAI‘;‘§YBTS 718434 (235797]50/?)3 01972
ZHSYAI‘;'%?“ 71.6965 _(26.71(15;?)4 -0.0281
3;‘“3"1‘?1]?;5 71.6633 - (10213;,/?;‘ 0.0130
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Table 4. Results of resistance by towing tank test and CFD

Vs [Kx] 7.0 11.0 15.0
Fu 0354 0.556 0.758

Ry [Model Test] 15.369 54.614 75.138
(%) (100.0) (100.0) (100.0)

(@ Ry [CFD] 14.906 53.647 71.663
(%) (96.98) (98.23) (95.36)

@ Ry [CFD] 14.930 53.127 71.297
(%) (97.14) (97.28) (94.89)
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Table 5. Comparison of EHP for towing tank test and CFD by

Method 1
EHP (PS), EHP (PS),

Vs F Model Test CFD by Method 1
[kn] N 151 2nd o 151 2nd o

Ship | Ship ® | Ship | Ship 0
10 | 0495 | 85 77 | 90.59 | 8l 74 | 91.36
11 | 0545 | 108 97 | 89.22 | 106 9 | 90.57
12 | 0595 | 127 113 | 89.09 | 123 111 | 90.24
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