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Abstract

The number of ships equipped a shilling rudder has increased recently. It is
easy comparatively to estimate a performance of a rudder that has a section as a
normal wing section. But it is not easy to estimate a performance of a shilling rud-
der, theoretically with conventional methods, had inverse-wedge-shape.

Therefore we have started from checking a situation of a surrounding flow of a

rudder. And models of shilling rudder and of normal rudder with rectangle were
made.
Experiments were carried out in the circulating water tank of Kagoshima Univer-
sity. Experiment on visualization of 2-dimensional flow fields in mid-span section
of each rudder was done by depth tuft method. Furthermore the lift and the drag
acting on the rudder and moment of the rudder shaft were measured. The influences
that the rudder tail wedge angle of the shilling rudder effected these forces and mo-
ment were examined.

As a result the following understood. When a rudder angle is 0, especially one
of a shilling rudder, a flow of behind rudder was unstable in a flow immediately
after trailing edge. To calculate the forces acting on a shilling rudder theoretically,
especially a situation of a flow around the tail part of a rudder needs to be grasped.
We knew to be necessary to make visibility of the position where parted more from
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a relation. It is able to say that a shilling rudder is excellent in turning even from a
normal rudder obviously. A value of drag of a shilling rudder is always larger than
a normal redder. Wedge angle of the shilling rudder tail might make a turning per-
formance conversely worse when the angle is greater than 20° .

As one of methods to calculate numerically the performance of a shilling rud-
der, we conceive that to add an influence of wedge angle « to one after determining
the performance of a shilling rudder of wedge angle a =0, first.
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Table 1 Principal Particulars of Rudders

I

Observation of Flow | Measurement of Influence of
Surrounding a Rudder Forces Wedge Angle
Type of Rudder| Shilling | Normal | Shilling | Normal Shilling
Hight 180. Omm 131.0mm 132.2
Chord Length 150. Omm 87.0mm 86.3
Aspect Ratio 1.2 1.5 1.53
Thickness Ratio{ 0.16 0.18 0.16 , 0.18 0.15
Center of Shaft 26.0mm from Nose 26.0mm
Section Type NACA | NACA
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Fig. 2 (a) Normal Rudder (Measurement of Forces)
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Fig. 2 (b) Shilling Rudder (Comparison of Forces with Normal Rudder)
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Fig. 2 (¢) Shilling Rudder (Influence of Wedge Angle)

Fig. 2 Sections of Model Rudders
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Fig. 3 Equipment for Experiment
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(a) Shilling Rudder 6 = 0°

(b) Normal Rudder 6 = 0°

Photo 1 Flow Surrounding Rudders V=100cm . sec
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(c¢) Shilling Rudder 6 = 15°

(d) Normal Rudder ¢ = 15°

Photo 1 Flow Surrounding Rudders V=100cm sec
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(e) Shilling Rudder 6 = 30°

(f) Normal Rudder 0 = 30°

Photo 1 Flow Surrounding Rudders V=100cm sec
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Fig.5 (b) Shilling Rudder

~ Fig.5 Stream Line (6 =15" ; R.=7X10")

Fig.6 Stream Line (6 =30° ; R.=7x10")
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Fig.7 Comparison of C.
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Fig.8(a) R.=6.53X10"

Fig.8(b) R.=8.69x10'
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Fig.8 Comparison of Cp
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Fig.9 Comparison of C. and Cp based R.
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Fig.10 Comparison of C.



EH, b, Wi, B8, 8RR 2 U I REOMREREE M T 5 BT

35
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Fig. 10 Comparison of Cv.
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Fig. 11 (b) R.=10.8X10*

Fig.11 Comparison of Co
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Fig.12 Comparison of C. and Cp based R.
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Table2 The Values of Cp in a Helm Angle 0°

Fn 8.7x10" 10.2x10*

Normal Rudder 0.062 0.048

Shilling Rudder 0.073 0.056
Fn 8.2x10* 10.8x10* 12.4x10*
a= 0° 0.057 0.052 0.051
a=10° 0.063 0.063 0.061
a=20° 0.077 0.075 0.073
a=30° 0.091 0.088 0.085
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