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NOMENCLATURES

Ap . Projected planing bottom area

Bwu : Midship chine beam

Ca . Incremental resistance coefficient for model-ship correlations
Caa : Air or wind resistance coefficient

Cp . Drag coefficient

Cr : Local friction coefficient based on undisturbed velocity
Cro * Frictional resistance coefficient in two dimensional flow
CG . Center of gravity

Cpv : Specific pressure resistance coefficient (or viscous origin)
Cr . Specific residuary resistance coefficient

Cr : Specific total resistance coefficient

Crv . Resistance—displacement coefficient

Cv . Specific total viscous resistance coefficient

Cw . Specific wave making resistance coefficient

EHP . Effective horse power

Fn * Froude number

Fnh . Froude depth number

Fnv . Speed-displacement coefficient number

. Acceleration due to gravity

. Three—dimensional form factor on flat plate friction

L : Lift (a force)

LCG . Longitudinal center of gravity location
R . Resistance, in general

Ra . Model-ship correlation allowance

Raa : Air or wind resistance

Rap . Appendage resistance

Rar . Roughness resistance



Rr . Frictional resistance

Rro : Frictional resistance in two—-dimensional flow
Rn . Reynolds number

Rp : Pressure resistance

Rpv . Pressure resistance of viscous origin

Rr . Residuary resistance

Rs . Spray resistance

Rr : Total resistance

Ry : Total viscous resistance

Rw . Wave making resistance

Rws . Wave breaking resistance

S : Area of wetted surface

U : Velocity of a fluid

Vu : Model speed, m/sec

Vs . Ship speed, knots

B . Deadrise angle of planing bottom in degrees

: Mass density of water

A . Linear ratio, ship to model

T . Trim angle of hull with respect to attitude as drawn, degrees
ACp . Roughness allowance

AN . Weight of craft, ton

\ . Volume of craft, m’



ABSTRACT

Numerical Analysis for the correlation analysis
between the length of bulbous bow and resistance

components for Large Full Form Ship

Kim, Taehun

Advisor : Prof. Lee, Kwi-joo, Ph.D.

Department of Naval Architecture
& Ocean Engineering,

Graduate School of Chosun University

The bulbous bow has long been used in reducing the wave making
resistance by varying the velocity field near the bow of the ship. The
bulb attenuates the bow wave, thereby reducing the total wave making
resistance. Studies have shown that effective positioning of the bulb and
its length has a probability of reducing the viscous resistance also.

In this paper, resistance calculation of five forms of bulbous bow has
been done to find the effect of the bulb length on the resistance of large
full form ship.

Five bulbs were designed the length, and theoretical resistance
calculation has been carried out for these bulbs by CFD code.

A comparative analysis of calculated results has been made to find out
the relationship between the length of bulbous bow and resistance

components for large full form ship.
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HetE et 482 MOERIOAM &ZHE VLCC HE82 AN =&&20I1(LBP)
Jb 320m, =(B) 58.0m, ===(T) 20.8m0I1, Z&HIFEN=(CB)= 0.81010I

:

Ct. 2 d0lMdzE JI2 &80 tist M3 Table. 10l LIEILHRA 2, Body
plan2 Fig. 10l & AlGtA CF.

Table.1 Principal Geometric Characteristics

designer ' MOERI
Ship Name : KVLCC
Ship Type : VLCC Scale Ratio : 58
Hull Ship Model
LBP (m) 320.0 5.5172
B (m) 58.0 1.00
T (m) 20.8 0.3586
Trim (m) by stern 0.00 0.00
vV (m) 312737.5 1.6029
S (m) 27320.0 8.1213
LCB (%) from Midship 3.74 3.74
L/B 5.5172 5.5172
L/T 15.3846 15.3846
B/T 2.7884 2.7884
Cs 0.8101 0.8101
Cw 0.9082 0.9082
Cu 0.9979 0.9979
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Table.2 Calculation conditions for checking appropriate number of grid

Reynolds number 4.6x10°
Minimum grid spacing 0.0003
Upstream Domain 1L
Downstream Domain 2L
Radial domain 1L
Number of Iteration 3000

Table.3 Grid conditions for checking appropriate number of grid

Number of surface mesh
Cases . ) ] Number of total cells
(axialXgirthXwidth)
Grid A 110 X 72 X 29 305050
Grid B 155 X 72 X 29 389156
Grid C 155 X 72 X 41 563822
Grid D 155 X 100 X 41 758682
Grid E 219 X 100 X 57 990354
Grid F 219 X 100 X 80 1283592
Grid G 219 X 140 X 80 1586123
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Table. 4 Comparison of resultant coefficients

Cases Crx10° Cenx10° Crrx10°
Grid A 3.0650 0.3316 2.7334
Grid B 3.0621 0.3248 2.7373
Grid C 3.0368 0.3148 2.7220
Grid D 3.0266 0.3088 2.7178
Grid E 3.0190 0.3036 2.7154
Grid F 3.0152 0.3031 2.7121
Grid G 3.0142 0.3028 27114
3.08
| Grid A
3.06 |- T\ B |
04 c 1.5%
o i \ D
- E
3.02- \ —_F i G
sk
e S e T E—

1 15
grid number( x 10°)

Fig.6 Total resistance coefficient
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Table.5 Comparison of Bulbous Bow Length

A BulbO1 Bulb02 | KVLCC | Bulb03 Bulb04

4 6 8 10 12

T T T T T T T T T T T T T T T T T T T T
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Fig.14-1 Result of wake test
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Fig.14-2 Velocity Contour by CFD code at Propeller plan (Bulb01)
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Fig.14-3 Velocity Contour by CFD code at Propeller plan (Bulb02)
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Fig.14-4 Velocity Contour by CFD code at Propeller plan (KVLCC)
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Fig.14-6 Velocity Contour by CFD code at Propeller plan (Bulb04)
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Fig.16 Wave Pattern at Fn=0.10
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Fig.17 Wave Pattern at Fn=0.11
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Fig.18 Wave Pattern at Fn=0.12

_29_



(a)Bulb01

(b)Bulb02

(c)KvLCC

(d)Bulb03

(e)Bulb04

Fig.19 Wave Pattern at Fn=0.13
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Fig.20 Wave Pattern at Fn=0.135
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Fig.21 Wave Pattern at Fn=0.14
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Fig.22 Wave Pattern at Fn=0.145
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Fig.23 Wave Pattern at Fn=0.15
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Fig.24 Wave Pattern at Fn=0.155
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Table.6 Resistance Performance Analysis by CFD code (bulb01)

Fn Cr Cw Crm
0.100 2.410 1.598 4.020
0.110 2.413 1.606 4.023
0.120 2.420 1.616 4.037
0.130 2.423 1.628 4.050
0.135 2.435 1.632 4.070
0.140 2.451 1.635 4.088
0.145 2.485 1.641 4.125
0.150 2.522 1.649 4.155
0.155 2.555 1.655 4.200

Table.7 Resistance Performance Analysis by CFD code (Bulb02)

n Cr Cw Crm
0.100 2.410 1.602 4.024
0.110 2.414 1.607 4.025
0.120 2.418 1.615 4.041
0.130 2.421 1.629 4.054
0.135 2.436 1.633 4.073
0.140 2.451 1.638 4.091
0.145 2.487 1.645 4.130
0.150 2.524 1.655 4.175
0.155 2.560 1.665 4.233
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Table.8 Resistance Performance Analysis by CFD code (KVLCC)

Fn Cr Cw Crm
0.100 2.410 1.600 4.017
0.110 2.415 1.606 4.021
0.120 2.419 1.615 4.034
0.130 2.424 1.625 4.049
0.135 2.438 1.630 4.068
0.140 2.452 1.633 4.085
0.145 2.486 1.638 4.124
0.150 2.523 1.645 4.158
0.155 2.562 1.650 4.180

Table.9 Resistance Performance Analysis by CFD code (bulb03)

Fn Cr Cw Crm
0.100 2.420 1.600 4.013
0.110 2.419 1.605 4.015
0.120 2.420 1.613 4.028
0.130 2.421 1.623 4.038
0.135 2.435 1.625 4.057
0.140 2.450 1.627 4.078
0.145 2.482 1.632 4.110
0.150 2.510 1.640 4.142
0.155 2.559 1.645 4.165

Table.10 Resistance Performance Analysis by CFD code (bulb04)

Fn Cr Cw Crm
0.100 2.415 1.600 4.019
0.110 2.417 1.607 4.024
0.120 2.420 1.618 4.029
0.130 2.424 1.626 4.038
0.135 2.437 1.629 4.060
0.140 2.453 1.631 4.076
0.145 2.483 1.632 4.105
0.150 2.520 1.639 4.138
0.155 2.558 1.643 4,158
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