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Study on the Resistance Prediction and Hull Form Optimization
for Mathematical Hull Forms

Keh-Sik Min", Yeon-Seung Lee™, Seon-Hyung Kang™ and Bum-Woo Han™

Hyundai Heavy Industries Co., Ltd.”
Hyundai Maritime Research Institute, Hyundai Heavy Industries Co., Ltd.”™

Abstract

In order to prepare the fuel-economic hull form design method for fine higher—speed
ships, systematic theoretical and experimental study has been performed on the relation
between hull form characteristics and ship's resistance and on the effect of the
optimization of main hull form characteristics.

The results of this study provide not only a great insight into the relation between
ship's resistance and hull form characteristics, but also a proper direction of the
optimization of main hull form characteristics for the improvement of ship's resistance
characteristics.
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Fig. 1 Coordinate system for the presen-
tation of hull form and flow characteristics
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Table 1 Main characteristics of the simple
hull form for verification

Watiline Lengihim 8000 m
Beam (B) 0.8300 m
Draft (T) 0.320 m
Volume (V) 0910 m’
Block Coeff. (Cg) 0.444
Waterplane Area Coeff. (Cw) 0.667
Length / Beam Ratio (L/B) 10.0
Beam / Draft Ratio (B/T) 25
Length / Draft Ratio (L/T) 25.0
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Table 2 Total number of optimum waterline
shape designs and resistance calculations

Design . Numbe
Variable . Description r
Section |No. 1 Section @ Z(z) = (1 + z)° 5
Shape  |No. 2 Section : Z(z) = 1 - |zI"
Form . .1 1 1 1 1
Exponent |[No. 1 Section : 3-4-5:4°7 5
(n) No. 2 Section : 3, 4, 5, 6, 7
Block
?é)e)ff 0.400, 0.450, 0.500, 0.525, 0.550 5
B
Froude
I(\Il;lr)nber 0.200, 0.225, 0.250, 0.275, 0.300 5
N
4-term: oC3 84
5-term: oCq 126
Terms 6 ~ term : oCs 126
Peyno- | 7~ term: o 84 |466
mial 8 - term: oC7 36
9-term: oCg 9
10 - term:  ¢Co 1
Total Numnber of Cases :
2 x5 x 5 x 5 x 466 116,500
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Table 3 Results of the optimization of main
hull form characteristics according to ship
speed

- Constant underwater volume(0.910 m°®)

Main | B ic | Waterline-Optimized | Overall-Optimized

Hull ) Hull Form Hull Form
Form

Form

Charact- (SHF)

eristios WHF - 1{WHF-2|WHF-3| OHF -1 | OLIF -2 | OHF -3
Ler (m)] 8.0 8.0 5.839 | 7.269 113.737
B (m)| 0.8 0.8 1.168 | 0.969 | 0.611
T (m)| 032 0.32 0.3340.323 | 0.244
L/B 10.0 10.0 50 | 75 | 225
B/T 2.5 2.5 35 | 30 | 25
Cs 4/9 4/9 04 | 04 | 49
s (m)|7.130(7.186 l 7.116 l 7.080 | 6.205 | 6.828 | 9.297
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Table 4 Definition of hull form symbois
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Form Waterline- Overall-
Speed | Optimized Optimized
of Opt.| (Simple Math. Hull Form Hull Form

(m/sec) Hull Form)

Fy (Symbol| gy | Symbol | Fy | Symbol

1771 | 02 02 | WHF-1 | 0234 | oHF-1
SHF

2657 | 03 03 | wHF-2 | 0.315 | OHF-2

4429 | 05 05 | wHF-3 | 0.382 | QHF-3
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form characteristics

- Constant underwater volume{0.910 m®
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Improvements in resistance characteristics according to the optimization of main hull

Froude Number

Total Resistance(Rrt, N)

Comparison of Resistance”
(Resistance Reduction Ratio, %)

Vs

WHF
(m/sec) SHF WHEF | OHF SHF Series
Series | Series

OHF SHF SHF WHF Series
Seri and and and
€N€S | WHF Series | OHF Series | OHF Series

Theory| Test {Theory] Test

Theory|] Test | Theory| Test |Theory| Test |Theory| Test

1.771 10.200| 0.200 | 0.234 | 42.07| 37.32| 37.50{ 35.59| 32.49| 36.77| -10.86] -4.62} -22.77| -1.46| -13.36| +3.31

2.657 [0.300| 0.300 | 0.315 [109.86{102.54|101.44|104.94| 7881| 85.76| -7.66| +2.34| -28.26| ~16.36| -22.31| -18.27

4.429 [0.500( 0.500 | 0.382 |385.70|388.65(361.36|360.75|231.22258.71{ -6.31} -7.18| -40.05| -33.43| -36.01| -28.28

* — I Decrease, + : Increase
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Fig. 16 Comparison of Cr between SHF and
the 3rd optimized hull forms(WHF-3 & OHF-3)
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Fig. 17 Comparison of Crt between SHF
and the 3rd optimized hull forms(WHF-3 &
OHF-3)
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