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A Consideration on Inflow Velocity to Rudder of Ship Equipped
with Controllable Pitch Propeller

By Akinori YUMURO (Member) and Kenji UCHIDA

This report provides results of model experiments concerning hydrodynamic forces on the rudder
of a ship equipped with controllable pitch propeller (CPP). Captive model tests were performed
under condition of steady straight course. In this test, rudder normal force and propeller thrust were
measured by changing advance speed of a ship, CPP blade angle, and rudder angle systematically.

By using these experimental results, characteristics of inflow velocity to rudder behind CPP is
examined on the basis of the momentum theory for a actuator disc. Here, state of flow around rudder
is classified into three regions, considering whether the momentum theory may be applied or not.
The correction factor which appears in the formula of expressing the inflow velocity is assumed to
be applied in the wide range of CPP blade angle. The factor, which gives added velocity due to the
propeller at the rudder position, is evaluated by applying the experimental results mentioned above.

As a result, it is indicated that values of the factor lie almost between 1.0 and 2.0. Moreover, it is
found that generally speaking the factor gives different values for different regions of the flow states.
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Table 1 Principal particulars of ship model equipped

with CPP.
Lpp (m) 4. 000
B (m) 0. 696
d (m) 0.228
Chb 0.794
Propeller diameter (m) 0.135
Pitch ratio at 0.7R 0.782
(Standard)
Boss ratio 0. 257
Number of blades 4
Rudder height (m) 0.172
Chord length(mean) (m) 0.104
Aspect ratio 1. 66
Rudder area ratio 1/51.2
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Fig. 1 (a) Measured normal forces on rudder
(Fn=0.171, pitch angle=20°~0°).
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Fig. 1 (b) Measured normal forces on rudder
(Fn=0.114, pitch angle=0°, —10°).
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Fig. 1 {c) Measured normal forces on rudder

(Fn=0.0572, pitch angle=0°~ — 15°).
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Fig. 1 (d) Measured normal forces on rudder
(Fn=0, pitch angle=0°~ — 15°).
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Fig. 2 (a) Measured propeller thrust (Fy=0.171,
pitch angle=20°~0°).

0.1
Fn=0.114
o 8= 0 g
A B=-10"
} + 66 t |
-20 -10 10 20
o . 0 (deg)
—o oo —9—C—€&—o—0~
0.1+
_A_A A A A A A A—
-0.2-+

Fig. 2 (b) Measured propeller thrust (Fy=0.114,

pitch angle=0°, —10°).
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Fig. 2 (c) Measured propeller thrust (Fy=0.0572,
pitch angle=0°~ — 15°).
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Fig. 2 (d) Measured propeller thrust (Fy=0,
pitch angle=0°~ — 15°).
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Fig. 7 Correction factor for rudder inflow veloc-
ity based on propeller momentum theory.
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