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Cruising performance of ships with large superstructures in heavy sea

~ 1* report: Added resistance induced by wind —

by Toshifumi Fujiwara, Member

Yoshiho Ikeda, Member

Michio Ueno, Member

Summary

From economical and safety aspects the assessment of steady-state cruising performance of ships under heavy wind loading is very
important. A large passenger ship and a PCC with a very large hull and superstructures above sea level, which are greatly affected
by wind, are treated in this paper. The assessment of the ship performance is conducted using a computational calculation method.
The steady-state equations are formulated based on the MMG model for ship manoeuvring simulation to obtain the steady ship
conditions like drift, heel and rudder angles. The wind loads on those ships used in the calculation, including the effect of boundary
layer profiles of wind and the heel effect of the ships, are estimated by the method tbat the authors proposed. As a result, some
important characteristics of the resistance increase in steady running condition in heavy wind for the ships are clearly revealed.
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Fig. 1 Coordinate systems and definitions of force/moment
sign convention for ship hull loading
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Table 1  Principal ship particulars for large passenger ship (LPS)
and PCC, and scaled models

_ A1 FRim g F2E

Table 2 Thrust characteristics, propeller and rudder together with
hydrodynamic derivatives of large passenger ship (LPS) and PCC

[ LPS I o
Full Scale | Model | Full Scale | Model
| Loam) | 2757 | 2200 | 1%00 | 1580 |
[ Lep(m) | 2422 1933 | 1800 |
Bm) | 360 0287 | 322
| dm) | 840 0067 | 820
W (ton) | 52001 0.026 25665
GM(m) | 178 | o014 | 170
KGm) | 178 0.142 13.2
[ i (m) 3.55 0.028 135 )
Cs 0.710 osa0 |
Cr 0730 0.600
[ Cra 0.800 0.640
Cua 0980 0800
[ Ap(m®) | 16007 0.102 885.0 0.061
Ay’ | 101804 | 0649 | 43915 | 0304 |
| Ap(m®) | 44193 | 0281 23414 | 0162 |
[ C(m) .87 -0.055 600 0.050
Hpp (m) | 405 0323 28.1 0.234
| He (m) 19.5 0155 | 121 0.101 |
[ H (m | 370 0295 231 0192 |

Fig. 2 Side profiles of (a) large passenger ship, (b) PCC models
with the measured point of Hy, (Black circle mark)
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a b
Fig.3 Body plans of (a) large passenger ship, (b) PCC (unit; m)

7s =4.02d(1-C,)/B+1.98[d(1-C,)/B €, ]’

(15)
-1.54[d(1-C;)/B €, |+0.22
o,
e =
/41481 ay (16)

L
€= ""ZR(I ~Cpy)

2.2.4 EHES .
RENOERT X, ¥« N,» K, \THERREHIZEFL

LPS PCC
{ Calm water resistance | Hydro. derivative _ Calm water resistance | Hydro. derivative |
Ro 233E02| Xy, | I3MEOL | Ry | -186E02] Xy | -7681E02
[ R 398601 Xy, | -7225803 R, | 255E01 Xy, | -5.184E-02
T’ BETEH0| X, | -3.435E-02 R, | -193E+00| X,, | -6.031E03
R, 148E+01|  Xyge | LISAE+00) Ry | 654E+00| Xy | 8.990E-01
| Ry | 218801 Y, 1996E-01| | Ry 8525+00] Yy | 1937E01)
| Propeller Y, 4.051E-03| | Propeller _Y, | 2643E-04]
Dy (m) 550] Yy | 12848+00| | Dp(m) 547] Y | 1.820E+00)
14 0795 Yy, | 8141601 14, 0880| Yy, | -3847E01
1wy 0707| Yy | -1755B01| [ 1wy | 0835 Y, |-8713E02
P 549| Yoo | 1.105803| [ Pem) 545| Yy | 33%9E0
[ Rudder Ny 7.960E-02| [ Rudder | ™| 9saE02
[ Ax @) 321 "N, [ 453E03| [ Agd) | 377| N, | 4300503
A 143 Ny | 3%40E01| [ A 116 Ny | 5851E02
h (m) 677] Ny, | 4593602 [ h(m) 661| Ny, | 1354E01
g | 0701] Ny, |-S933E01 | 14y | 0701 Ny, | -3822E01
0214] Ny, | 1036E02 o 0214 Ny, | 4317E02
> -led6| Ky | -1385B01) [ xy 1646 | Ky | 6212B0
Xk 04711 K, 8327602 | x| 0485| K, | 6939E42|
7 0560| Ky |-1.525E+00 Zx 0560 Ky | S4S4E0I
| Ky, | LO9IE+00 Ky, | -3498E01
Kligg | 4.824E+00) | Kipe | 1.698E+00)
[ Ko | 9241E-02 | Ko | 3.124E01)

Ky 10K, 7,

Fig. 4 Propeller characteristics used in the calculation
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Fig. 5 Resistance coefficient X, of large passenger ship
(LPS) and PCC in calm water at £, ¢ =0Odeg.
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Fig. 6 Experimental hydrodynamic force and moment
coefficients and approximated lines of underwater hull for
large passenger ship
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Fig. 8 Wind force and moment coefficients of large passenger
ship (LPS) and PCC
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Fig. 9 Wind velocity profiles with Beaufort number (BN) and
power law parameter « , compared with the averaged height
H, of large passenger ship (LPS) and PCC
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Fig. 10 Relative wind velocity for steady cruising ship
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Fig. 11 Calculated results of ship speed loss, drift, heel
and rudder angles for large passenger ship in steady winds
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Fig. 12 Calculated results of ship speed loss, drift, heel and
rudder angles for PCC in steady winds
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Fig. 13 Separated components of non-dimensional force
induced by wind on large passenger ship in U, =30m/s (HO;
Hull resistance, H; Drift and heel effect on hull resistance, KB;
Buoyancy, R; Rudder, A; Wind)
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Fig. 14 Separated components of non-dimensional force
induced by wind on PCC in U, =30m/s (HO; Hull resistance,
H; Drift and heel effect on hull resistance, KB; Buoyancy, R;
Rudder, A; Wind)
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Fig. A-1 Relative wind velocities and directions depended on
boundary layer forms of steady wind in U, =30m/s and
I =140deg. for (a) large passenger ship and (b) PCC cruising
with 22knot and 20knot respectively
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Fig. A-2 Differentials of relative wind velocity and direction

depended on boundary layer forms of steady wind for large

passenger ship in [/ =22knot
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Fig. A-4 Differences of ship steady condition between two kinds
of wind velocity profiles for (a} large passenger ship (LPS) and (b)
PCCin U, =30m/s,  =60deg.
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