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Abstract

The present work develops a method of evaluating thrust deduction and wake for different loads
of the propeller using the concerted application of the theoretical tools and experimental techniques.
It also shows the applicability of the new method to the design of optimum hull form.

Firstly, the problem of hull-propeller interaction was analyzed in terms of inviscid as well as
viscous components of the thrust deduction and wake. The wavemaking resistance of a hull with a
propeller was formulated on the potential theory. The hull and propeller were mathematically
represented by sources on the hull surface and sink on the propeller plane, respectively., The stre-
ngth of sink was determined by utilizing the radial distributions of propeller load and nominal wake.
The resistance increment due to a propeller and the axial perturbation flow induced by the hull in
the propeller plane were calculated. Especially, the inviscid component of the thrust deduction was
calculated by subtracting the wavemaking resistance of a bare hull, the wavemaking resistance of
a free-running propeller and the augmentation of propeller resistance due to hull action from the
wavemaking resistance of the hull with a propeller. The viscous components of the thrust deduction
and wake were estimated as functions of propeller load which were established by the propeller
load varying test after deducting the calculated inviscid components.

Secondly, an analysis method of powering performance was developed based on the potential
btheory and the propeller load varying test. The hybrid method estimates the thrust deduction,
wake and propeller open-water efficiency for different propeller load. This method can be utilized
in the analysis of powering performance for the propeller load variation such as the added resistance
due to hull surface roughness, the added resistance due to wind, etc.

Finally, the hybrid method was applied to the optimum design of hull form. A series of after-
body shapes was obtained by systematically varying the waterplane and section shapes of a parent
afterbody without changing the principal dimensions, block coefficient and prismatic coefficient.

From the comparison of the predicted results such as wavemaking resistance,thrust deduction, wake
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and delivered power, an optimum hull form was obtained. The delivered power of the optimized
hull form was reduced by 5.7 % which was confirmed by model tests. Also the predicted delivered
power by the hybrid method shows fairly good agreement with the test result.

It is therefore considered that the new analysis method of powering performance can be utilized

as a practical tool for the design of optimum hull form as well as for the analysis of powering

performance for the propeller load variation in the preliminary design stage.

Notation
ACF roughness allowance
Fa Froude number
g acceleration of gravity
n unit normal vector on hull surface into
fluid
7 propulsive efficiency
H hull efficiency
%0 propeller efficiency in open-water
7R relative rotative efficiency
p mass density

Subscript M value for model ship

Subseript S value for full scale ship
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Table 1 Test results of parent hull form (FI—I-AEV)

Speed (knots) 22

Crs (X10 % 2.322
Pp(PS) 20, 908
Cw (x1079) 0. 485
t 0.209
WE 0.234
A2 1.033
o 0. 669
7R 1,018
7D 0.703
Pp (PS) 29,723
N (RPM) 92.35
wN 0.241
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Table 2. Calculation by hybrid method

Speed (knots) 20 . 22 J 24

Cy (x107%) 0. 4068 0.7027 1.0773
wrp o 0.1256 0. 1124 0. 1421
wep 01267 0.1137 0. 1436
Cru 0.5170 0. 5648 0.6797
3, —0.2846 | —0.3073 | —0.3597
Cwep —0.0317 | —0.0385 | —0.0299
Cwer 0. 2420 0.1997 0. 2086
Weo | —0.0068 0.0000 | —0.0067
t) | 0.0992 0.0883 0. 0816
cm —0.1449 | —0.2196 | —0.2579
co —0.0149 | —0.1546 | —0.1731
ere 0.0178 0. 0148 0.0148
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Table 3 Systematically varied hull forms
Waterplane shape
Vation e
Fine shoulder<=>Blunt shoulder
| Vesection | F1+AEVF F1+AEV F1+AEVB F1+AEVS
Section shape i H F1+AEVFMU | F14+AEVMU — —
‘ U-section F1+AEVFSU F1+AEVSU F1+-AEVBSU -
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