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Studies on the Added Mass and Added Moment
of Inertia of Propellers—I

On the Added Polar Moment of Inertia

By
Masaaki TAKEUCHI and Eiki OSAKI

In order to calculate the critical speed of a propeller shaft, it is necessary to know the
accurate values of the added mass and the added moment of inertia of a marine propeller.
When the principal specifications of a propeller are given, the values of the added mass and
the added moment of inertia can be calculated by a two-dimensional theory. However, in
practice, a three-dimensional correction is necessary for the value obtained through a
two-dimensional theory because the three-dimensional influence exerted on a propeller is
great, This study aims to evaluate accurately the added effect of water on a propller.
The authors defined that the coefficient of the three-dimensional correction Jris the ratio
of the three-dimensional lift coefficient to the two-dimensional lift coefficient. The
former is obtained through the lifting line theory. The latter is given by the
KuTTA-JOUKOWSKI condition. In order to confirm the effect of Jr for the added polar
moment of inertia of the propellers under torsional vibration, the experiments were carried
out using two propellers each with a different aspect ratio. As a result, the calculated
values of the added polar moment of inertia obtained from the two-dimensional oscillating
airfoil theory became almost equal to the experimental values by using the three-dimen-
sional coefficient Jr. Therefore, it can be understood that the three-dimensional coef-
ficient Jr is very effective for calculating the added polar moment of inertia.
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Fig. 1. Two-dimensional thin airfoil.
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Fig. 2. Datum line of propeller blade.
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Table 1. Principal specifications of the propeller P1 & F2

Propeller Pl P2
Number of blades 3 3
Diameter (cm) 32.8 33.0
Pitch ratio 0.979 0.948
Boss ratio 0.123 0.139
Exp. area ratio 0.343 0.517
Direction of turn Right Right
Weight (kg) 1.404 2.699
Aspect ratio 2.781 1.846

Fig. 3. Schematic diagram of the experimental apparatus.

Notes

@ : D. C. Servo-motor,
@& : Inertia wheel,

@ : Universal joint,

@ : Torque converter,
®
®

: Reduction gear,

. Strain gage and slip ring, @

@ : Propeller shaft,

. Water tank,

: Propeller,

: Magnetic pick-up,

@ . Magnetic micrometer,
@ : Strain meter,

Electric oscillograph.
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Table 2. Experimental results of the added polar moment
of inertia for the propeller P1 & P2

Propelier Pl P2
Natural frequency In the air 913 59.8
(rpm) In water 825 55.0

In the air  0.079 0.192
In water 0.097 0227

Polar moment of
inertia (kg.cm-s?%

Added polar moment of inertia
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Fig. 4. Resonance curve of the propeller P1in water.
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Fig. 5. Relation between polar moment of
inertia and natural frequency for the

test apparatus.
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Table 3. Theoretical and experimental values of the
added polar moment of inertia (%)

Propeller Pl P2
Value of two-dimensional

oscillating airfoil theory 35.9 34.5
Experimental value 22.8 18.2
Corrected value by Jr 25.5 19.0

Table 4. Coefficient of three-dimensional correction

Propeller Pl P2
TAKAIRA or KUMAI 0.65 0.49
BURRILL 0.68
THOMSEN 0.85 0.75

Jrin this study’ 0.71 0.55
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