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ABSTRACT

Efficiency has always been an integral part of ship and propeller design. Through
model-scale experiments, researchers break down the fluid dynamic phenomena of
propellers and hulls into various components, and through adjustments to various
parameters, they determine the comprehensive performance of full-scale ships and
propellers. Following the recommended procedures of the International Towing Tank
Conference (ITTC), the advance coefficient of the propeller during experiments differs
from that of the full-scale ship, and it is assumed during estimation that the thrust
deduction coefficient has no scale effect. However, the difference in interaction velocity
resulting from advance coefficients different may lead to an underestimation of the wake
coefficient, and there are differences in advance coefficients and wake coefficients
between model ships and full-scale ships, which may affect the thrust deduction
coefficient. This study conducted large-scale load variation tests on a bulbous bow oil
tanker, covering four different ship speeds, and explored the influence of three propulsive
factors. The experimental data showed a linear relationship between propeller thrust and
propeller-induced hull suction. As the propeller advance coefficient increases, both wake
fraction and thrust deduction factor increase. After subtracting the contribution of the
advance coefficient, the impact of wake fraction on the thrust deduction factor remains
unclear and requires further study. This study proposes an estimation method that
considers the wake fraction and thrust deduction factor as functions of the advance
coefficient to address the potential underestimation of these factors in the ITTC
procedures. However, the differences in the rotation rate and efficiency between the two

methods are not significant.

Keywords: Model Test, Ship Propulsion, Propulsive Factors, Load Variation, Hull-
Propeller Interaction
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Hardness # & , Shore D ASTM D 2240 76-86
Flexural modulus #%*# =%, Mpa ASTM D 790 | 2,670-2,758
Flexural strength %* &' 7% & , Mpa ASTM D 790 69-73
Tensile modulus + % =% , MPa ASTM D 638 | 2,559-2,678
Tensile strength F 7 % &, MPa ASTM D 638 38-56
Elongation at break %774 2 £ & ASTM D 638 8-14%
Poisson’s Ratio =t ASTM D 638 0.4-0.44
Impact strength notched Izod, J/m 4 v &% g & ASTM D 256 36-60
Density % &, g/lcm3 1.12-1.18
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3 40 #4pala e < 4

KMELy, | 4B kT | #kBEV | GHEk | BARHS
(m) (m) (m) (m®) Cp (m?)
4.430 0.805 0.289 0.816 0.792 5.230

3 S HH piR% S %

J Kr 10K, Mo Kr/J?
0.00 0.2616 0.2907 0.0000 N/A
0.30 0.1684 0.2187 0.3677 1.8711
0.35 0.1456 0.2043 0.3970 1.1885
0.40 0.1252 0.1861 0.4283 0.7826
0.45 0.1055 0.1695 0.4458 0.5210
0.50 0.0825 0.1533 0.4284 0.3301
0.55 0.0605 0.1331 0.3978 0.2000
0.60 0.0372 0.1115 0.3188 0.1034
0.65 0.0154 0.0914 0.1740 0.0364
0.70 -0.0026 0.0765 -0.0375 -0.0052

V., (mfs) 0.82 0.99 1.15 1.30

Fr 0.125 0.150 0.175 0.197
Rym (N) 7.816 11.244 14.978 19.992
Crm (x109) 4.453 4.395 4.339 4532
Copm (X107) 3.609 3.483 3.387 3.312
Crm (x1079) 0.844 0.912 0.952 1.221
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% 7082mis % [ ik

n{ps) | F(N) | T(N) | @Q(N-m)| S(N) ] w t Ks

4333 | 7.736 | 0.040 | 0.012 | -0.040 | 0.684 | 0.425 | -0.998 | -0.0032

5.000 | 7.755 | 0.591 | 0.010 | 0.531 | 0.602 | 0.415 | 0.897 | 0.0324

6.000 | 6.844 | 1.695 0.032 0.723 | 0.524 | 0.390 | 0.427 | 0.0307

7.000 | 5458 | 3.025 | 0.059 | 0.668 | 0.474 | 0.355 | 0.221 | 0.0208

8.000 | 4.329 | 4.753 0.098 1.267 | 0.430 | 0.333 | 0.267 | 0.0303

9.000 | 2.650 | 6.691 | 0.138 1.525 | 0.397 | 0.305 | 0.228 | 0.0288

10.000 | 0.720 | 9.118 0.189 2022 | 0365 | 0.291 | 0.222 | 0.0309

10.167 | 0.025 | 9.455 0.195 1.664 | 0.364 | 0.281 | 0.176 | 0.0246

% 80.99 m/s % [ iRk %

n{ps) | F(N) | T(N) |Q(N-m)| S(N) ] w t K

5.367 | 11.335 | 0.088 | 0.001 0.179 | 0.680 | 0.410 | 2.035 | 0.0095

6.000 | 10.842 | 0.711 0.016 0.309 | 0.616 | 0.403 | 0.435 | 0.0131

7.000 | 9.823 | 1.961 0.044 0.540 | 0548 | 0.380 | 0.275 | 0.0169

8.000 | 8572 | 3.495 | 0.077 0.823 | 0.498 | 0.356 | 0.236 | 0.0197

9.000 | 6.948 | 5.341 0.116 1.046 | 0460 | 0.331 | 0.196 | 0.0197

10.000 | 5.243 | 7.499 0.162 1.498 | 0.427 | 0.310 | 0.200 | 0.0229

11.000 | 3.045 | 9.906 0.215 1.708 | 0.400 | 0.289 | 0.172 | 0.0216

12.000 | 0.776 | 12.786 | 0.274 2318 | 0.374 | 0.274 | 0.181 | 0.0246

12,233 | 0.028 | 13.397 | 0.288 2182 | 0371 | 0.266 | 0.163 | 0.0223

% 9115m/s % § i iksh s %

n(rps) | F (N) T(N) [@Q(N-m)| S(N) Ji w t K

6.067 | 15.338 | -0.162 | 0.002 0.198 | 0.712 | 0.399 | -1.217 | 0.0082

7.000 | 14.372 | 0.950 | 0.028 0.344 | 0.617 | 0.399 | 0.363 | 0.0107

8.000 | 13.413 | 2.328 | 0.059 0.763 | 0.561 | 0.376 | 0.328 | 0.0182

9.000 | 11.941 | 4.034 0.096 0.997 | 0515 | 0.356 | 0.247 | 0.0188

10.000 | 10.038 | 6.122 0.141 1.182 | 0476 | 0.338 | 0.193 | 0.0181

11.000 | 8.291 | 8.364 0.189 1.677 | 0450 | 0.312 | 0.201 | 0.0212

12.000 | 6.032 | 10.993 | 0.254 2.047 | 0422 | 0.296 | 0.186 | 0.0217

13.000 | 3.587 | 13.928 | 0.316 2537 | 0.398 | 0.280 | 0.182 | 0.0230

14.000 | 0.567 | 17.436 | 0.377 3.025 | 0374 | 0.272 | 0.174 | 0.0236

14.267 | 0.015 | 18.162 | 0.394 3.199 | 0.373 | 0.260 | 0.176 | 0.0240
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% 101.30m/s % f FiEsk E%

n(ps) | FN) | T(N) [Q(N-m) | S(N) J w t Ks
7.000 | 20.235 | -0.080 | 0.026 | 0.163 | 0.700 | 0.397 | -2.027 | 0.0051
8.000 | 19.185 | 1.212 | 0.056 | 0.405 | 0.619 | 0.391 | 0.334 | 0.0097
9.000 | 17.896 | 2.865 | 0.092 | 0.769 | 0.564 | 0.375 | 0.268 | 0.0145
10.000 | 16.482 | 4.709 | 0.132 | 1.198 | 0.524 | 0.355 | 0.255 | 0.0183
11.000 | 14.917 | 6.824 | 0.179 | 1.749 | 0.492 | 0.334 | 0.256 | 0.0221
12.000 | 12.786 | 9.318 | 0.232 | 2.112 | 0.464 | 0.314 | 0.227 | 0.0224
13.000 | 10.512 | 12.106 | 0.292 | 2.627 | 0.440 | 0.296 | 0.217 | 0.0238
14.000 | 7.951 | 15.274 | 0.358 | 3.233 | 0.415 | 0.284 | 0.212 | 0.0252
15.000 | 5.102 | 18.619 | 0.425 | 3.728 | 0.397 | 0.267 | 0.200 | 0.0253

F 11 = iy (3§ 0.82mis)s i w fF~ 47 % %
R? 2 hR? i PR E Bk
0.9100 0.9028 0.0018 28
% it t szt P-i&

sy 0.0425 0.0030 14.0350 2.33E-13

w0 iR Tl -0.0610 0.0114 -5.3453 1.53E-05

o i 0.0195 0.0239 0.8173 0.421479

F e oM riFLsiT8 %
R? A JEOR? 35 BRI Rk
0.6926 0.6739 0.0044 36
D8 3 A E t szt P-i&

e 0.0307 0.0060 5.1004 1.37E-05

w0 iR -0.1226 0.0208 -5.8804 1.37E-06

B i 0.1475 0.0431 3.4141 0.001712

3 131.15m/sITTC ;# &2 it tadicp S8z &% 1L R

]s Ws ts U (rps)

ITTC ;2 0.4417 0.2393 0.1865 1.9633

Wi R p % B 0.4376 0.2475 0.1944 1.9605

% 1E(%) -0.9316 3.4122 4.2273 -0.1432
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