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Abstract

A potential based panel method is used to predict the open water characteristics of spade-type rudders.
The inflow velocity is assumed to be constant in time and uniform in space. Source and dipole are distributed
on the rudder surface. It is assumed that the wake surface is streaming from trailing edge and it is represented
by dipole distribution.
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In this paper, wake geometry is assumed by imposing appropriate conditions at the trailing edge and
far from the body. The effects of wake geometry are studied. The pressure Kutta condition is applied at
the trailing edge, the effects of which are compared with those of two-dimensional Kutta condition. The
results of calculations for a spade-type rudder are compared with published results. It is concluded that
this approach shows fairly good agreement with experimental results and can be used in the initial design

stage of a rudder.
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Fig. 4 Forces and moments notation
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Fig. 5 Example of rudder surface discretization
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a. =Effective Aspect Ratio

2 Sweepback Angle of Quarter Chord
Line

Co. : Cross Flow Drag Coefficient
(0.80 for squared Tip)

a : Angle of Attack(deg)

Cs%u ' Minimum Section Drag Coefficient
{0.065 for NACA 0015 Section)

C.  Lift Coefficient

e : Oswald Efficiency Factor(0.90)
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Convergence Test of DIMB Rudder

Rudder Section NACA 0015
Geometric Aspect Ratilo 1.50
Taper Ratio 0.45
Sweep Back Angle(deg.) 11.00

Ne X Mr = 20x11
Ne X Mr = 40xi5
Ne X Mr = 40x20
R DIMB 933 Empirical Formula

X b O
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Drag Coef.
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°

~0.50 .Y A ) | i L L i Nl L

-4.00 4.00 12,00 20,00 28,00 36.00
Angle of Attack(deg.)

Fig. 14 Convergence test of DTMB rudder cal-
culation(NACA 0015, ¢a=1.5, A=0.45,
Q=11°)
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Moment Coef.
0.20

l reInfinity
0.00 1.00 2.00 3.00 4.00 §.00

Drag Coef.

.60
l r=Infinity

0. 404

Lift Coef.
2,20

q) relnfinity

1.80
0.00 1.00 2,00 3.00 4.00 5.00
Wake Parameter r

Fig. 15 Variation of hydrodynamic coefficients
of DTMB rudder with wake parameter
r(NACA 0015, a=1.5, A=0.45, Q=
11°, ¢=36°)
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SPADE RO CAL. 91/3/11 : D_FIG24

Rudder Section NACA0O1 S
Geometric Aspect Ratio  1,00000
Taper Ralio 0.45000

Sweep Back Angle(des.)  -8.0000

Present Calculatlion
(NC=50,NT= 1,NS=19,NR= 0,NW=40,LF= §,0)
A DTMB 938 Empirical Formuls

Moment Coef.
0.156

0.00 ——T

-0.05

-0.10

~4.00

Lift Coef.

4.00 12.00 20,00 28.00

Angle of Attack(des.)

36.00

2,00
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-4.00

Drag Coef.

4.00 12,00 20,00 28.00
Angle of Attack{deg.)

by
-
L
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-0.20
-4.00

4.00 12,00 20,00 28.00
Angle of Attack{deg.}

36.00

Fig. 16 Comparison of calculated results with
those of DTMB empirical formula( NACA
0015, a=1.0, A=0.45, N=-8°)
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SPADE RUDDER CAL, 91/3/13:0_F1625

Rudder Section NACADOIS
Geometric Aspect Ratio  1,50000
Taper Ratio 0. 45000

Sweep Back Angle(des.) 0.0000

Present Calculatfon
(NC=§0,NT= { ,NS={¢,NR= 0,NW=40,LF= 5,0)
A DIMB 933 Emplrical Formula

Moment Coef,
0.15

-0.05%

0,10
-4,00 4,00 12,00 20.00 28.00 36.00
Angle of Attack{deg.)
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Lift Coef,
2.00

ok 4

0.00

il
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Angle of Attack{deg,)

Drag Coef,
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Angle of Attack(des.)

Fig. 17 Comparison of calculated results with
those of DTMB empirical formual(NACA
0015, a=1.5, A=0.45, 0=0°)
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