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A Study on the Application of Chebyshev Polynomials to the
Lifting Surface Theory for Marine Propellers

Abstract

It is well known that Birnbaum Chordwise modes have been used to represent the loading
distribution on a propeller blade in the unsteady conditions.

The calculations indicate that the spanwise loading distributions reach stable values with a
few chordwise modes, but the chordwise loading distributions do not converge to its final form,
particularly in the neighborhood of the leading and trailing edges with these few modes.
However use of the Caesaro summability concept, a proper procedure for obtaining the limit of
slowly convergent or even divergent series has served to establish the chordwise distribution.

This paper employs other type of chordwise modes, the normalized Chebyshev polynomials,
which have been used by others to represent the loading distribution on a blade. The calculations
have been performed for a set of 3-bladed propellers of different expanded area ratio operated
in a screen-generated wake for comparision with experimental data.

The numerical results indicate that these new chordwise modes give satisfactory results for
the prediction of thrust coefficient and torque coefficient. But they are unsatisfactory as far as

the chordwise distribution of loading are concerned.
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Table 1 Ratio of Maximum Camber to Chord(m/c)
Radius EAR=0.3 EAR=0.6 EAR=1.2
.25 .0370 .0228 .0196
.35 .0388 .0231 .0202
.45 .0372 0224 .0196
.55 .0340 .0212 .0185
.65 .0312 .0203 L0177
.75 .0290 .0198 .0170
.85 .0270 .0189 .0160
.95 .0247 .0174 .0147
Table 2 Ratio of Maximum Thickness to Chord(t/c)
Radius EAR=0.3 EAR=0.6 EAR=1.2
.25 .253 .090 032
.35 .192 .068 .024
.45 .146 .052 .018
.55 1113 .040 014
.65 .087 031 011
.75 .068 .024 .0086
.85 .052 .018 .0066
.95 .045 .016 .0057
Table 3 Ratio of Leading Edge Radius to Chord(p,/c)
Radius EAR=0.3 EAR=0.6 EAR=1.2
.25 .0410 .00525 .00066
.35 .0236 .00290 .00039
.45 .0136 .00170 .00021
.55 .00817 .00100 .00013
.65 .00484 .00060 .00008
.75 .00296 .00035 .00005
.85 .00173 00025 .00003
.95 100133 .00020 .00002
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Table 4 Wake Information from Harmeonic Analysis 3-cycle Scr

Radius 1 3-Cycle Wake

To Cs ¢,
2 l 089 18°
3 \ .186 10
4 1 220 6
5 “ 218 2
6 | 1203 0
7 | 212 0
8 i 1230 0
9 | 1252 o
95 [ 251 0

~
-1

een Wake.

Table 5 Steady-State Thrust Coefficient K, and Torque Coefficients K, for Propeller-4118 by Various

Methods.
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Fig. 2 Definition of Angualr Measurements
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Fig. 6 Blade Frequency Thrust Coefficients and Phase with 5-Chebyshev Modes.
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Fig. 22 Chordwisce Loading at R=0.65 Propeller-EAR=1.2 with 5-Chebvshev Modes.
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