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FLOW CHARACTERISTICS AROUND A RUDDER IN OPEN LATER CONDITION

J.E. Choi "

and JH. Kim'

The flow characteristics around a rudder in open water condition is analyzed by the computational method.
Reynolds averaged Navier-Stoke's equation is utilized for the computation. The computational hydrodynamic force
coefficients are verified through comparing with the experimental results. The information of these flow

characteristics is necessary to predict cavitation and maneuvering performances,

to estimate steering gear

capacitance, and to get the bending moment which is useful for the structural analysis. The pressure distribution,
the three-dimensional flow separation, and the tip vortices are investigated. The pattern of the three-dimensional flow
separation is analyzed utilizing a topological rule. The tip vortices are also investigated through a visualization

technique.
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Fig. | Coordinate System.
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Reynolds averaged Navier-Stokes's Equations
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Fig. 2 Arrange of model test and shape of a rudder.
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Table 1 Characteristics of the objective rudders and calculation

condition.
Name SS1 LCR
Section type NACA00 NACA64
a(m) 0.272 0.215
(m) 0.200 0.188
s (m) 0.400 0.285
(m) 0.000 0.128
A, (M) 0.094 0.057
v, (mls) 6.000 2.010
Ry 1.24 X106 3.54 X105
-3.0<x/c<6.0 -3.0<x/c<5.5
Cal. domain -3.0<y/e<3.0 -3.0<y/e<3.0
-3.2<7/c<3.2 3.0<z/c<44
No. of grid 359,328 347,688
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Fig. 3 Lift, drag and moment coefficient at various angle of attacks
utlllzmg standard k o and realizable k-¢ turbulence models :
SS1, R,=3.54X10’.
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Fig. 4 Distribution of pressure coefficient on the section of z=0 :
SS1, R,=3.54X10’.

(a)a=9° (b)o=15° (c)a=24°

Fig. 5 Distribution of pregsure coefficient on the suction side :
SS1, R,=3.54X10".
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Fig. 6 Visualization of rudder-tip vorticies at bottom side : LCR,
Ry =3.49X10°.
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Fig. 7 Contours of swirl velocity along x-planes of the bottom part of a rudder : LCR, o= 12°, R,=3.49 X 10°.

o3 [ o3 [ Ex] [ Ex] [
Y Y Y Y

(@) X/c=0.0 (b) X/c=02 (c) X/c=0.4 (d) X/c=0.6

03 [ 03 [ Ex] [ o3 [

Y Y Y Y

(e) X/c=0.65 (f) x/c=0.7 () X/c=08 (h) x/c=12

Fig. 8 Contours of pressure coefficient along x-planes of the bottom part of a rudder : LCR, o= 12°, R,=3.49 X 10°.
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O separation
Boundary layer roll-up

Closed separation

Fig. 9 Skin friction lines showing 3-dimenaional flow-separation
of free-shear 15ayer type at a tip of a rudder : LCR, o= 12°,
R\=3.49X10".

(d)a=20°

(c)o=15°

Fig. 10 Skin friction lines on a rudder surface showing
3-dimensional flow separation of blslbble and
free-vortex layer type : LCR, %,=3.49X10".
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Table 2 Locations of singular points at various angles of attack.

a (degree) Nodal point (x,y,z) Saddle point (x,y,z)
12 (0.341,0.055,0.061) | (0.393,0.041,0.021)
15 (0.306,0.064,0.159) (0.399,0.038,-0.129)
20 (0.340,0.054,0.288) (0.141,0.100,0.038)
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