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Controllable pitch propellers for the simulation of naval ship propulsion system dynamics
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Abstract: This paper presents the development of a numerical model of a controllable pitch propeller for the simulation of na-
val ship propulsion system dynamics. Unlike other previous models, this numerical model can determine the occurrence of cav-
itation using Burrill's cavitation diagram, especially the curve for warship propellers with special sections. Furthermore, a dy-
namic POW test was conducted to analyze how the characteristics of the controllable pitch propeller (especially thrust and tor-
que) were affected when the advanced ratio changed considerably. However, the results of the test were not significantly differ-
ent when compared with the static POW test; therefore, the dynamic characteristics of the controllable pitch propeller were
ignored. To verify the performance of the numerical model, three verification tests were conducted, namely, computational proc-
essing time, external variable calculation function, and cavitation calculation function. Among these tests, the acceptance criteria
of the external variable calculation function test, which is related to the reliability of the simulation results, were set to pass
when the differences between the simulation results and verification data were < 5%. Thrust and torque, which are significant
characteristics of a controllable pitch propeller, were compared under all operational conditions. Finally, the maximum error rate
was confirmed to be 3%.
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Table 1: Propeller mathematical model

(D Data Base

> Propeller Series Chart

o Thrust calculation using advance ration and propeller
pitch

o Error occurs when design value and data base value
are different.

@ Propeller Model Test

o Propeller Open Water Test

° The most reliable method.

° Cost and time required for testing of multiple pitches.
° Not suitable for simulation of various ships.

@ Numerical Calculation

° High accuracy for propeller thrust prediction when
potential code is used

o CFD analysis is not suitable for real time simulation
due to calculation time.

@ Combinator Law

° The propeller manufacturer estimates and provides
propeller characteristics.

o Consistent with propeller design information.

o Calculates thrust and torque by interpolating the
propeller characteristic curve
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Table 2: Principal dimensions of propeller

Propeller dimension Value
Diameter of ship propeller (m) 3.40
Diameter of model propeller (m) 0.15
No. of blades 5
Expanded blade area ratio 0.770
Propeller pitch ratio e 0871
at 0.7R 0.976
Chord length-diameter ratio (0.7R) 0.415
Propeller skew angle 36.70
Hub diameter ratio 0.270
Turning direction R.H.
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Table 3: Case of dynamic test

RPM Physical | Advance ratio
Test no. .. . .
variation time variation
Dynamic 1 200RPM 10s 0.014
Dynamic 2 300RPM 10s 0.021
Dynamic 3 700RPM 10s 0.050
Dynamic 4 700RPM Ss 0.101
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