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Prediction of fishing boat performance using computational fluid dynamics
In-Seob Kim' - Dong-Woo Park® - Sang-Bong Lee'
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Abstract: Grid systems used in previous studies were determined to be valid only if the length between the perpendiculars in a
model ship was in the range of 6-8 m, and the maximum dynamic trim angle was smaller than 1°. The application of the
grid system to a small fishing boat can create numerical instability because the dynamic trim of small boats is generally larger
than 3°, and their Froude numbers are in the range of 0.3-0.8. In the present study, resistances of a small fishing boat were
stably obtained by reducing the length between the center of buoyancy and the inlet boundary of the numerical domain, and by
refining grid cells vertically in a region that would be swept by a free surface. The effective power of the small fishing boat
was predicted based on the ITTC-1978 two-dimensional analysis. By using the results of previous towing tank tests, the co-
efficient of quasi-propulsive efficiency and the brake horsepower at a design draft were calculated.
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Nomenclature RTS  total resistance of full-scale ship

VS d of full-scale shi
BP breaking power speed Of Tull-scate SHIP

CF friction resistance coefficient
CFM  CF of model-scale ship 1. A &
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RTM  total resistance of model-scale ship A FRAAN FAE By Alge] Aol g =
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Table 1: Particulars of the present objective ship

Design Ballast
LPP (m) 9.46 9.46
TF (m) 0.45 0.35
TA (m) 0.63 0.53
DISP (m®) 11.707 9.229
LCB (m) 428 4.55
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Figure 1: Three dimensional geometry of hull

Table 2: Ship speeds simulated in the present study

Ship speed
F

Full scale (knots) | Model scale (m/s) roude number

7 1.4233 0.3738

9 1.8300 0.4807

11 2.2367 0.5875

13 2.6433 0.6943

15 3.0500 0.8011
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Figure 2: Numerical domain and coordinate system
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Figure 3: Grid system used in the previous studies
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Figure 4: Grid system used in the present study
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Table 3: Dynamic sinkage and trim

Ballast
Trim(°)
-3.3
-2.6
-2.0
-1.7
-1.8

Design
Sinkage(m) | Trim(°)
-0.079 -2.8
-0.074 2.4
-0.073 -1.7
-0.073 -1.3
-0.073 -1.4

F
t Sinkage(m)

-0.058
-0.054
-0.052
-0.051
-0.051

0.3738
0.4807
0.5875
0.6943
0.8011
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Table 4: Coefficients of total resistance

. Design Ballast
"l cp | cF |CnE+3] CP | CF |Cru*E43
0.3738 | 74% | 26% | 24.6503 | 72% | 28% | 22.9523
0.4807 | 78% | 22% | 27.5813 | 76% | 24% | 26.5609
0.5875 | 78% | 22% | 26.8429 | 76% | 24% | 25.4571
0.6943 | 77% | 23% | 24.4593 | 75% | 25% | 23.6007
0.8011 | 76% | 24% | 22.7502 | 74% | 26% | 21.8068
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Figure 6: Wave patterns at design draft
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Table 5: Resistance and propulsive performance prediction employing the total resistance(RTM) based on CFD

Wetted CFD
ete Displace- Vs RNM Cm Crm Cr
Lgp(m) draft Surface 5 Fx N N N
S ment(m”) | (knots) *E-6 | Rpy (N) E+3 E+3 E+3
9.46 Design 38.652 11.707 7.0 0.3738 | 1.8471 23.54 24.6503 4.1202 20.5300
0.45/0.63 9.0 0.4807 | 2.3748 43.54 27.5813 3.9172 23.6640
11.0 0.5875 | 2.9026 63.30 26.8429 3.7657 23.0772
13.0 | 0.6943 | 3.4303 80.56 24.4593 3.6462 20.8131
15.0 | 0.8011 | 3.9581 99.76 22.7502 3.5483 19.2019
9.46 Ballast 36.468 9.229 7.0 0.3738 | 1.8471 20.68 22.9523 4.1202 18.8320
0.35/0.53 9.0 0.4807 | 2.3748 39.56 26.5609 3.9172 22.6436
11.0 | 0.5875 | 2.9026 56.64 25.4571 3.7657 21.6914
13.0 | 0.6943 | 3.4303 73.34 23.6007 3.6462 19.9545
15.0 0.8011 | 3.9581 90.22 21.8068 3.5483 18.2585
Wetted | ol \% R C C R BP
isplace- s NS Fs S TS

L draft Surf: PE(kW) [ETAD,

se(m) ra ‘(‘;ﬁ‘)c | ment(n’) | (knots) | *E9 | *E+3 | *E+3 | (kN |FEOW) Wl qewy
9.46 Design 38.652 11.707 7.0 0.0287 | 2.5182 | 23.2883 6 22 36
0.45/0.63 9.0 0.0369 | 2.4204 | 26.3245 | 11 52 87

11.0 | 0.0450 | 2.3464 | 25.6636 | 16 92 0.60 155

13.0 | 0.0532 | 2.2873 | 23.3404 | 21 138 233

15.0 |0.0614 | 2.2385 | 21.6803 | 26 197 332

9.46 Ballast 36.468 9.229 7.0 0.0287 | 2.5182 | 21.5903 | 5 19 31
0.35/0.53 9.0 0.0369 | 2.4204 | 25.3041 | 10 47 78

11.0 0.0450 | 2.3464 | 24.2778 | 15 82 0.61 136

13.0 | 0.0532 | 2.2873 | 22.4818 | 19 126 208

15.0 | 0.0614 | 2.2385 | 20.7369 | 23 178 295
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