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Abstract

The propeller of a ship generally operates in a wake behind the hull. Then the propeller
receives complicated and mutual interference with a hull and a rudder. We usually divide
the ship into three parts i.e. the hull, the propeller and also the rudder, when we consider
the problem of the ship propulsive performance. The propeller occupies an important part
of ship propulsion in the sense that it affects the hull and the rudder largely. Moreover a
propeller operates in such a non-uniform flow, and then we require a numerical method
that the calculation of the propeller performance is easy and the computing time is short.
And such a computation method should be able to estimate well the forces and the mo-
ments acting on the propeller and also the velocity field around it finely.

For this purpose, there are some computation methods based on “equivalent infinitely-
bladed propeller”. However, the value of a section drag coefficient of a propeller blade
was taken generally too large in these methods. Therefore these methods are inappropri-
ate when the scale effect or the characteristics of an actual ship propeller are estimated.

In this paper, in order to take into account the viscous effect, the authors attempt to
improve the numerical method based on the Ueda-Yamazaki's theory of “equivalent in-
finitely-bladed propeller”. And then results are compared with the experimental values.
An application to an actual ship propeller is also examined.
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Fig. 1. Coordinate System of Propeller
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1 o 1 2n
Vox=2—”—j°. [Vx](P)dﬂ' Voo=ﬁj‘: [VPﬂ](P)dav

Fig. 2. Local Coordinate System of Blade Section Fig. 3. Discretization of Propeller Disk (P)
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Table 1.

Principal Particulars of Propeller CP

cP Rr0=590x10°
Diameter (m) 0. 574 7.170 ioKa | 4 CALGULATION Using h=dih value
Pitch Ratio (const.) 1.0200 I u
Expanded Area Ratio 0. 7300 05
Blade Thickness Ratio 0. 0604 04+
Boss Ratio 0.1925 03b
Number of Blades 5 a2k
Blade Section MAU
Rake Angle 10.0° olr
Skew Angle 16.2° 0 (i! 01.4 01.5 0{6 il JOI.B C-l.9 ITO
Revolution (r.p. s) 10.15 1.80 Fig. 4. Propeller Open Characteristics of CP
Table 2(a) Comparison of Thrust Table 2(b) Comparison of Torque
Coefficients (CP) Coefficients (CP)
Kr h= 1st VALUE Ko h= 1st VALUE
: MODEL SHIP Rnp=8.12X10’ ] MODEL SHIP Rnp=8.12X107

Rop= UEDA |_Co=ITTCT8 Rup= UEDA | cpo=1TTCT8

5.90X10° Ky=UEDA| K, =1 5.90X 10° lk,=UEDA | K, =1
0.30 0. 383 0.385| 0.38 | 0.386 0.30 0. 564 0.553 [ 0.545 | 0.547
0.45 0. 332 0.334| 0.336 | 0.336 0.45 0.514 0.503 | 0.494 | 0.496
0. 60 0.272 0.274 | 0.275 | 0.276 0. 60 0. 444 0.435 | 0.424 | 0.427
0.75 0. 201 0.203 | 0.204 | 0.206 0.75 0. 350 0.343| 0.331 | 0.335
0.90 0.120 0.121  0.123 | 0.126 0.90 0. 232 0.224 | 0.212 | 0.218
1.00 0.061 0.063 | 0.064 | 0.067 1.00 0.138 0.130 [ 0.118 | 0.124
Table 2(c) Comparison of Efficiency (CP) Table 3(a) Comparison of Thrust

Coefficients (CP)
Tep h= 1st VALUE Kr h= 4th VALUE
] MODEL SHIP Rnp=8.12X107 | MODEL SHIP Rnp=8.12X10’

Rnp= UEDA Cp=ITTCT78 Rnp= UEDA Cp=ITTC78

5.90x10° Ky=UEDA | K,=1 5.90X10° [Ky=UEDA | K,=1
0.30 0. 324 0.332| 0.338 | 0.337 0. 30 0.414 0.416 | 0.417 | 0.418
0.45 0. 464 0.476 | 0.486 | 0.485 0.45 0. 352 0.354 [ 0.355 | 0.356
0. 60 0. 585 0.600 | 0.619 | 0.618 0. 60 0.283 0.285| 0.286 | 0.287
0.75 0. 685 0.706 | 0.735 | 0.734 0.75 0. 206 0.208 | 0.209 | 0.211
0.90 0.742 0.777 | 0.831 | 0.829 0.90 0.122 0.123 | 0.125 | 0.128
1.00 0.707 0.769 | 0.867 | 0.866 1.00 0. 062 0.063 | 0.065 | 0.068
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Table 3(b) Comparison of Torque
Coefficients (CP)

Table 3(c) Comparison of Efficiency(CP)

Kq h= 4th VALUE 7p h= 4th VALUE
] MODEL SHIP Rnp=8.12X 107 ] MODEL SHIP Rnp=8.12X 107
— Cp=ITTC78 — Cp=ITTC78
Rop=" | UEDA —2 Rop= | UEDA —2
5.90X10 Ky=UEDA| K,=1 5.90X10 iKV=UEDA Ky=1
0.30 0.591 0. 580 0.572 0.574 0.30 0. 335 0.343 0. 348 0. 348
0.45 0.534 0. 524 0.514 0.517 0.45 0.473 0.484 0.494 0.494
0.60 0. 457 0. 448 0.437 0. 440 0.60 0.591 0. 606 0.624 0.623
0.75 0. 357 0. 350 0. 338 0. 342 0.75 0. 689 0.709 0.738 0.736
0.90 0.235 0. 226 0. 215 0. 220 0.90 0.744 0.779 0.833 0. 830
1.00 *0.138 0.130 0.119 0.124 1.00 0.708 0.770 0. 867 0. 866
09
08 } —— Rw=590x10° . sl MAU4-40
Kr —=— Rmw=812x10" L= K EXPERIMENT
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Fig. 5. Comparison of Open Characteristics of CP
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Fig. 7. Propeller Open Characteristics of AU5-50

Fig. 6. Propeller Open Characteristics of MAU4-40
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Fig. 8. Propeller Open Characteristics of AU5-65
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