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Abstract

This paper describes a potential-based panel method for the prediction of steday perform-
ance of a marine propeller operating in a uniform oncoming flow. An integral equation with
unknown dipole strengths is formulated by distributing the normal dipoles andfor sources on
the blade and hub surfaces and the wake sheet, and is solved numerically upon discretization.
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A hyperboloidal panel has been adopted to compute the potential induced by a normal
dipole on a non-planar quadrilateral panel. The Kutta condition is satisfied by iteratively

annulling the pressure jumps at the trailing edge.

Extensive convergence tests are carried out, and the influence of the wake model upon
performance is studied. Predicted performance is shown to correlate well with the experime-

nts.
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Fig. 1 Sketch of the propeller blade with the
definition of input geometric quantities
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Fig. 4 Hub panel geometry showing the helical
arrangements between blades
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No. of Blade:3

Table 1. Principal characteristics of DTRC Propeller 4119

Section Type : NACA a==0.8 meanline, NACA 66 thickness(DTRC mod.)

Hub Ratio: 0.20

81

r/R P/D Rake/D Skew(deg.) Chord/D f/IC t/C
0.2000 1.1050 0.0000 0.0000 0.3200 0.01429 0.20550
0.2500 1.1037 0.0000 0.0000 0.3420 0.01985 0.17870
0.3000 1.1022 0.0000 0.0000 0.3635 0.02318 0.15530
0.4000 1.0983 0.0000 0.0000 0.4048 0.02303 0.11800
0.5000 1.0932 0.0000 0.0000 0.4392 0.02182 0.09016
0.6000 1.0879 0.0000 0.0000 0.4610 0.02072 0.06960
0.7000 1.0839 0.0000 0.0000 0.4622 0.02003 0.05418
0.8000 1.0811 0.0000 0.0000 0.4347 0.01967 0.04206
0.9000 1.0785 0.0000 0.0000 0.3613 0.01817 0.03321
0.9500 1.0770 0.0000 0.0000 0.2775 0.01631 0.03228
1.0000 1.0750 0.0000 0.0000 0.0278 0.00000 0.00000

Table 2. Principal characteristics for DTRC Propeller 4842
No. of Blade:5
Section Type : NACA a=(.8 meanline, NACA 66 thickness(tDTRC mod.)
Hub Ratio: 0.323

r/R P/D Rake/D Skew(deg.) Chord/D f/IC t/C
0.3230 0.9321 —0.0009 0.3799 0.2015 0.01000 0.21790
0.3500 1.0790 0.0094 —3.0699 0.2181 0.01580 0.18710
0.4000 1.2361 0.0239 —6.8199 0.2494 0.02530 0.14150
0.5000 1.4194 0.0341 —9.0201 0.3113 0.03650 0.08540
0.6000 1.4892 0.0301 —7.5699 0.3664 0.03900 0.05810
0.7000 1.4880 0.0132 —3.2401 0.4031 0.03710 0.04440
0.8000 1.3290 —0.0156 4.3402 0.4090 0.03190 0.03790
0.9000 1.0759 -0.0399 13.7498 0.3651 0.02640 0.03560
0.9500 0.9012 —0.0455 19.2502 0.3106 0.02470 0.03630
1.0000 0.6981 —0.0425 25.0000 0.0311 0.00000 0.00000
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Table 3. Thrust and Torque coefficients calculated for sample examples.
[ I Viscous Drag Coef. | Kr 10Kg n |
Design Loads 0.154 0.290 0.706
Experiment 0.146 0.280 0.692
wjo hub Cr=0 0.147 0.235 0.829
linear wake Cr=0.004 0.143 0.265 0.715
wjo hub Cr=0 0.145 0.234 0.823
4119 linear wake Cr=0.004 0.141 0.263 0.709
J4=0.833 w/o hub Cr=0 0.145 0.237 0.812
linear wake Cr=0.004 0.140 0.275 0.676
w/o hub Cr=0 0.160 0.253 0.838
nonlinear wake Cr=0.004 0.156 0.282 0.732
w/fo hub Cr=0 0.159 0.256 0.823
nonlinear wake Cr=0.004 0.155 0.286 0.718
Experiment 0.034 0.106 0.575
wjo hub Cp=0 0.036 0.074 0.847
J;ﬂ:lf_} linear wake Cr=0.004 0.031 0.107 0.508
w/o hub Cr=0 0.038 0.079 0.856
nonlinear wake Cr=0.004 0.033 0.111 0.528
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