=

WS OBEMEME 1B 5 ERIIAFZE— 1.
B B k%

Some Experimental Studies on Ship Manosuvrability — L

By
Sueo TAKASHIMA

Manoeuvrability has become one of the most important considerations not only in
large ship designs but in the efficient steer for every ship type.

From the point of view, the author has experimented some problems on ship manoeuvi-
ability, The standard turning tests at various rudder angles were carried out for a 1215
GT training ship. On the other hand, her model tests were performed by making use of
the free-runing, self-propelled, 2.5m in length model ship and the model experiments were
carried out at the Kyushu University Tank,

The present paper relates to the following contents, i.e. an error of turning locus obtained
by standard turning tests of an actual ship, ship correlation between an actual ship and her
model ship in respect to manoeuvrability, shallow water effects upon turning ability, and
the forces acting upon the rudder of model ship under turning.

And in addition to these experiments, the author has tried some calculations for the
standard turning locus of a ship. The results obtained are summarised as follows:

(1) The error of measurements or calculations effects upon the turning locus. Even
if in the case of turning test of an actual ship under calin sea conditions, which may be
able to disregard effects of external forces, i.e. winds, waves, there are some cases including
an error of turning locus about +10% in Dy /L, Dr/L, etc.

(2) Ship correlation in respect to reduction of propeller revolutions is nearly excellent,
but ship correlation with regard to speed reduction during turning motion is slightly
different in turning directions.

The correlation in respect to turning ability indices, Dy /L, D, /L, Dy /L and the relation
between L/R and §, decrease with increasing the intensity of the turning motion. And
under that motion, the turning ability of model ship tends to appear to be less ability,
compared with actual ship.

(3) Even a ship with (;,=0.560 grade, the shallow water effect upon turning ability
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increases slightly in accordance with decrease of water depth, while the depth is deeper
than about 2.5d, but increases rapidly when the depth decreases less than 2.5d, and that
rudder angles larger than 30 degrees.

Under shallow water depth, the ship’s tuming ability, drift angles and speed reduction
rate decrease respectively, compared with fully water depth as the same rudder angles.

For example, the final turning radius of ship for 40 degrees rudder angles, at water
depth of 1.7d, becomes 1.74 times for the same rudder angles at the fully water depth.

(4) In the case of this model ship, by application of FUIJII’s approximate formula,
the normal force coefficient Cy of the rudder at the time of termination of steering, is
able to calculate accurately with the exception of the rudder angles more than 20 degrees
under port side turning.

And experimental values of Cyy for these rudder angles of the latter, are 10—20% larger
than calcualted values.

The center of pressure on the rudder at the time of end of steering and during the
steady turning, are shown in Fig. 25. The center of pressure moves forward according as the
turning motion grows to steady, but there are some cases where the center of pressure
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(5) The value of the coefficient 7 for this ship’s type, which is known as effect flow
simoothing, scattered from 0.607 to 0.688 in extent.

The standard turning locus, calculated by the application of INOUE’s theory, FUJII and
Tsupa’s formula, etc. and using the results of this model experiments, shows smaller
values about 10—13% in D4 /L, Dy /L, etc., compared with observed values of the actual
ship turning tests.
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Fig, 1. Tlustrative diagram showing bouy(G), dump
cards (f, E) and observed relative bearing (8, 6,).
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Fig. 2. An example of the effect of 48 upon turning
locus.
dp is error of observed bearing, and Fig. 2
shows the area of 50% of the maximum position
error at the center of gravity of the ship (L=65m,
JE=30m) including 40=1°.
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Fig. 3. An example of the effect of a constant error

of ship speed upon turning locus. B A OBAEN 28 D TH D5
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4. Types of variable error of ship speed during
turning motion, and effect of the types upon
turning locus.

Symbols are the same in Fig, 3, while the motion
is steady turning.

5. Effect a constant error of observed ship’s
heading angle upon turning locus.

Notes

: Observed ship’s heading angle 6(¢)
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Kind of ship

Training ship

Actual ship

Model ship

LXBXD (m)
d¢(m)
da (l’l’l)
Load condition
A(ton)
o

Engine type
Engine power
R.P.M.

Speed  (kt)
Rudder type
Rudder area ratio
Aspect ratio
Balanced ratio
Thickness ratio
Propeller dia. (m)
Pitch ratio

No. of blades

64.9 X 11.20 X5.60
3.00
4.80
1618.0
0.560
Diesel
1800BHP
172
11.4
Balanced rudder
1/34.5
1.32
0.262
0.388
2.850
0.7193
4

2.50<0.431X0.216

Correspond to actual ship

Motor
DC.6 V—I150W

Correspond to actual ship

Table 2. Ship correlation in respect to Dy /L, Dy, /L and Dr/L.

Actual ship Model ship Model with stimulator
Star. | Port Star. E Port Star. E Port
D,/L 3.43 E 3.16 3.57 E 3.47 4.06 5 3.56
Dy/L 218 1 1.85 222 1 2.02 260 | 2.03
Dr/L 4.42 E 4.26 5.05 § 4.50 5.70 § 4.60

— 36 —
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Fig, 6. Body plan and contours of stem and stern of the model ship.
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Fig, 7. Ship correlation in relation to ship speeds and
revolutions of propeller reduction rate under
turning with rudder angle 6=30°.

Notes V,N: Ship speed and revolution of
propeller
Suffix, o, #: Thevaluesat advancing straight
course and at each instant of
turning
@: Actual ship
¥,(: Model ship with stimulator
and without
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Fig. 8. Ship correlation in relation to speed reduction
rate during steady turning,
Symbols are shown in Fig, 7.
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Fig. 9. Ship correlation in respect to steady turning
characteristics.
Notes L: Ship length p.p. (m)
R: Steady turning radious (m)
&: Rudder angle (deg.)
And other symbols are shown in Fig. 7.
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Fig. 11. Bffect of shallow water on ship speed reduction rate during turning.
Symbols are shown in Figs, 9 and 10.
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Fig. 12. Effect of shallow water on Dy /L and D, /L
under starboard and port turning.
Nowes D, : Advance turning circle (m)
Dy,: Transfer turning circle (m)
And other symbols are shown in Fig, 10,
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Fig. 13. Bffect of shallow water on Dy/L under
starboard and port turning,
D7 is tactical diameter and other symbols are
shown in Fig. 10,
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Fig. 14. Effect of shallow water on drift angle 3, in
deg. at center of gravity of ship.
Symbols are shown in Fig. 10.
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Fig. 15. Effect of shallow water on non-dimensional
angular velocity during steady turning.
(L/R)g and (L/R)co are non-dimensional angular
velocity at water depth = H and c.
Notes @,0): Exp. values with rudder angle of
40° and 35° '

————: Cal. values obtained by KaN’s
formula with hydrodynamic de-
rivatives calculated by INOUE’s
theory

— —~—: Exp. values obtained by OzEXI
using a cargo type model

— ———: Exp. values obtained by OzEkI
using a tanker type model
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Fig. 16. A copy of records on oscillograph under
turning rudder angle of 40°

Notes

R: Revolutions of propeller
Ry, R’y Rudder angle
Ly, Ly, L'y, Ly Lift of rudder at star
board and port
D, T, T": Drag and torque of rudder
Torque is put as positive in case
of clockwise direction to see

from deck.
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Fig,

17. Comparison of normal force coefficient Cy

calculated and experimented,

Notes

@: Exp. values (max.) of Cy at the
time of termination of steering

O: Exp. values (mean) of Cy at the
steady turning

: Cal. values obtained by Fujn
and Tsupa’s formula

: Cal, values at open rudder ob-
tained by Fuji and Tsupa’s for-
mula
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. 18. Comparison of Cpy obtained by present ex-

periments and the results of GOTTINGEN Wind
Tunnel experiments,
Notes ———: Results of GOTTINGEN exp, with
aspect ratio (A.R) = 5.0, Reynold’s
No. (Re.N.) = 4x10° and thickness
ratio (T.R} of rudder changing from
0.216 to 0.360
—@- : Results of present exp. obtained by
the application of PRANDTL’s formula
to the present experimented results
in order to adjust the effects of

0.31L5 rudder aspect ratio
6 | v
32 | )
0.2F10
0.1+-0.5
1 | | L
10 20 30 40 deg.
Rudder ang.
Fig, 20. Relation between angular velocity (§) and

speed (V) during steady turning.
Motes : Ship speed
———: Angular velocity
And other symbols are shown in Fig, 19.
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Fig. 19. Effect of turning direction upon ACy,

Notes —&— : Starboard turning

—0— : Port turning
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Fig. 21. Comparison of steady turning characteristics
obtained by L&/V and L/R.

Notes

@: Obtained by L/V

(O: Obtained by L/R
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Fig, 22, Comparison of calculated and experimental
values of Cr and Cx with various rudder angle

d(deg.).

Notes ——:

coefficient

: Center of presure

Fumi’s
formula

Torque coefficient Cr } Calculated by

Cx

: BExp. values of Cr yax and Cr. mpan
H EXp. values of CX MAX. and CX MEAN
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Fig, 24. Effect of shallow water on Cy and Cpg.
Symbols are shown in Figs. 10 and 23,
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Fig., 25. Effect of shallow water on Cr and Cx.

Notes ~&-,~0- : Exp. values of Cz yay and Cr ypan
[J: Exp. values of Cy, yax and Cy ypan
And other symbols are shown in Fig. 22.
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Table 3. Values of ¥ experimented.

Rudder angle Mean value
35 30° 25
Starboard turning 0.719 0.647 0. 434 0. 607
Port turning 0.790 0. 565 0. 709 0. 688

Table 4. Comparison of standard turning locus calculated and experimented.

Exp. Cal.
Actual Model v =0.145 r =0.607
D4/ L 1.000 1.027 1.095 1.190
Dy/L 1. 000 1.117 0.793 0.952
Dr/L 1.000 1.153 0.693 0. 865
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Fig. 33. Effect of changing in the axial force (or drag)
coefficient Cpp of X axis on turning locus
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Fig. 36. Effect of changing in Cpp on angular

velocity during turning motion.
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