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Experimental Study on Torque Fluctuation During the Crash
Stop Maneuver of the Large Tanker with Ducted Propeller

By
Takayasu UEDA, Noriyuki SASAKI, Nobuo SUGAI and Naoyuki YOKOO

Abstract

Fluctuation of shaft torque which occurs during the crash stop maneuver is consider-
ably larger than that under the ordinary ahead condition.

It may be supposed that this phenomenon will be caused by the following reasons,

1) unstableness of flow field around a propeller,

2) stall of propeller blade,

3) resonance on torsional vibration of shaft.

But, there are only few studies with respect to the cause and the reduction methods
of the torque fluctuation concerned, especially on ship with ducted propeller.

Thus, in order to measure the torque flutuation during the crash stop motion, the
experiments were conducted on the models of large tanker which large fluctuation of
torque seemed to be influenced by the outfit of ducted propeller was experienced.

The effect of propulsion devices, that is, conventional and ducted propellers, and of
duct shape on the torque fluctuation were investigated by means of experiments.

The main results obtained are as follows:

1) The torque fluctuation of ducted propeller during the crash stop moneuver was
about two times that of conventional propeller, except the former part of decreasing

advance speed.
2) The effect of duct shape on the torque fluctuation was not found on such a ship.
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Table 1 Principal particulars of hull, propeller and duct

Large model, M.S. No.
. Small model ’
Ship . 0178, for measurement
for flow observation of torque fluctuation
shortened
Lpp(m) 358.0 3.100 (from 7. 200) 9.000 (360.0)*
Lwr(m) 368.0
Byrp(m) 68.8 0. 800 1.636 (65.5)*
. dyrp(m) 23.6 0. 455 0.620 (21.6)*
=
Cs 0.812 0.819
Lpp/B 5.2 3.875 5.5
B/d 2.92 1.758 2.64
loz ~3.8% —2.75%
Impeller | Conven- Imp. Conven- Imp. of duct | Conventional
of duct tional of duct tional | M.P. No. 0088 | M. P. No. 0045
0.2312 0.2413
D(m) 9.0 9.5 0. 1800 0.1973 (9. 248)* (9. 652)*
» 0. 967 0. 6747 0. 9786 0.735 0.935 0.730
at 0.7R const. at 0.7R at 0.7R const. const.
[+
5’ iB 0.1833 0.1737 0.2 0.186 0.180 0.1890
B
8 ay 0.6983 0. 680 0.7185 0. 60 0.75 0.575
Ay
Rake 0° 4°56' 0° 9°58’
A 5 5 5 5 5 5
Section NACA—16 MAU MAU MAU
Duct- | Duct-
& Duct—49 49 | 19a
@) _
=] i - - | —
2 Length | 0.45D 0.45D 0.45D | 0.50D
. |
% 50,000P S X 85rpm 1 (60,000P S X 85rpm)*
= I
N.B., ( )*:full scale
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of shaft torque (ship)
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Table 2 Test conditions for flow observation

Full load condition
Vu(m/s) ‘ Ny (rps) ‘ condition
Lz Q62kn) | 15 | @
103 (410 | —48 | ®
0.6 (820 | -105 | ®©
03 (410 | -105 | @
o 0o | -5 | @
KE.,( ) : on ship ) a
;
i
,
!
!

without duct

with duct

Fig. 11 Sketch of flow observation
(condition @)
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Fig. 12 sketch of flow observation
(condition ®)
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Table 3 Test conditions for measurement of torque fluctuation

Vs Ns (Nu)* Js condition Vu Nu (Ng)*?

5.49rps  (53.4rpm)
16.2kn  85.0rpm (9. 00rps) 0. 648 ® 1.321m/s 8.08 (78.5)
10. 67 (103.7
2.20 21.4)
16.1 30.0 (3.15) 0.288 ® 1.313 3.59 (34.9)
4.98 (48.4)
—-3.04 (—29.6)
15.2 —50.3 (—5.28) —1.036 © 1.239 —4.96 (—48.2)
—6.88 (—66.9)
—3.42 (—33.2)
14.1 —53.2 (—5.59) —0.909 ) 1. 150 —5.57 (—54.1)
=772 (~75.0)
—3.36 (=32.7)
12.8 —53.2 (—5.59) —0.825 ® 1. 044 —~5.48 (—53.3)
—7.60 (—173.9)
—2.65 (—25.8)
10.1 —53.2 (—5.59) —0. 651 ® 0. 824 —4.32 (—42.0)
—5.99  (~582)
—3.68 (—35.8)
5.7 —53.2 (—5.59) —0.367 © 0. 465 —6.00 (—58.3)
—8.32 (—80.8)
—3.68 (—35.8)
—4.0 —53.2 (—5.59) 0. 258 ® —0. 326 —6.00 (—58.2)
—8.32 (—80.8)

*1: Corresponding speed to model propeller

*2 -

/"

#  # full scale propeller
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Fig. 26 Dynamic response of torque measurement
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