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Maneuvering performance is one of the key hydrodynamic factors that determine the safety and functionality of an underwater
vehicle, Therefore, accurately predicting maneuvering performance is essential for hull design, In this study, computational fluid
dynamics(CFD) was used to analyze the maneuvering performance of a freely running underwater vehicle, The BB2 submarine was
selected as the target model at a 1/18.35 scale, The commercial software STAR-CCM+ was used for the simulations, and the virtual
disk method was applied to model the propeller thrust, For validation, resistance and self propulsion simulation were performed

t the same speed and compared with model test results, Based on these results, turning and zig—zag tests were conducted, A
six—degree—of—freedom(6—DOF) condition was applied, where a PD controller was used to control the rudder, Two different rudder
configurations — X—rudder and cruciform rudder — were considered while all other conditions, including hull shape, speed, and control
gain values, were kept identical to compare the differences caused solely by the rudder type, To implement the rotational motion
of the rudder, the sliding mesh method was applied for the X—rudder, while the overset mesh method was used for the cruciform
rudder to avoid interference between the rotating region and the hull, Finally, the maneuverability of the underwater vehicle was
compared for the two rudder configurations, and in addition, hydrodynamic coefficients due to rudder deflection were analyzed

in detail,
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(b) Grids near the hull surface
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Fig. 2 Meshes for maneuvering simulations
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Table 1 PD parameters for scaled BB2 submarine

Description p D
Sway 18.3 [deg./m] 0.0 [deg./(m/s)]
Heave -55.04 [deg./m]| -12.85 [deg./(m/s)]
Pitch 3.0 [deg./deg.] | 0.7 [deg./(deg./s)]
Yaw 3.0 [deg./deg.] | 2.85[deg./(deg./s)]
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Table 2 Principal dimensions of BB2

Item Value

Scale IS 18.348

Length L 3.826m
Beam B | 0.5232m
Depth to deck Dg | 0.5777m
Displacement Vv | 0.7012t.

Longitudinal center of garvity(from nose)| Xce | 1.761m
Vertical center of garvity(from keel) | Zcg | 0.2856m
Vertical center of buoyancy(from keel) | Zcg | 0.3076m
Roll radius of gyration r« | 0.1871m
Pitch radius of gyration ry | 0.9592m
Yaw radius of gyration r; | 0.9550m

a4 1

Fig. 4 Geometries of applied rudders: X rudder(left) and
cross rudder(right)
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Table 3 Coordinates of control surfaces

Rudder type Value
[(61.349, 3.0713), (62.13,
X [R1,R2,R3,R4] 6.824), (64.95, 6.82),

(64.95, 2.024)]

Rudder, top |[(62.4, 2.7796), (63.6358, 7.5),
[Rr1,Rr2,R3,Rra] | (67.0, 7.5), (67.0, 1.2834)]
Rudder, bottom |[(62.4, 2.7796), (62.9813, 5.0),
[Ra1,Raz,Res,Res]| (67.0, 5.0), (67.0, 1.2834)]

Cross Stern planes [(61.5619, 3.0079), (63.6358,

s Sps g 6.6), (67.0, 6.6),

1:92:93,24 (67.0, 1.2834)]
Stern plane flap (65.2395. 1.9044)
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Table 4 Characteristics of 20 turning test to port side

Experiment CFD
(Overpelt et al., | (Han et al., | Present
2015) 2021)
AD/L 2.58 2.53 2.60
Difference[ %] - 1.94 0.78
TR/L 1.58 1.445 1.37
Difference[ %] - 8.23 13.29
TD/L 3.28 2.89 3.02
Difference[ %] - 11.89 7.93
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Table 5 Hydrodynamic coefficients of X rudder and cross

rudder
Rudder type Y N’
X rudder 2.03x10-4 -8.29x10-5
Cross rudder 3.22x10-4 -1.37x10-4
K%nip.et(él_r?%%zré) 2.40%x10-4 -9.63x10-5
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Table 6 Characteristics of 20 zig-zag test to port side

First Difference Second Difference
overshoot overshoot
. [%] . [%]
angle[°] angle[°]
Experiment
(Overpelt et 11.84 - 12.75 -
al., 2015)
CFD
(Carrica et 13.14 10.98 16.73 31.22
al., 2016)
Present 14.24 20.27 15.99 25.41
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Fig. 17 Comparison of yaw and rudder angle for 20°/20°
zig-zag to port side
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Fig. 18 Time histories of velocities during 20°/20° zig—zag
to port side
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Table 7 Comparison of rudder command time

Rudder |1st execution|2nd execution| 3rd execution
type [s] [s] [s]
X rudder 4.34 16.14 30.60
rﬁ[jodssr 3.60 12.50 22.28
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o
sl
7L
6l
S
X4l
3t
oL
1k
of
-1 L 1 1
3 2 1 2

Y/L
Fig. 19 Comparison of trajectory for 20°/20° zig-zag to
port side between X rudder and cross rudder

60 F ——X rudder 3
—=-Cross rudder v
- - -Xrudder ér
""" Cross rudder or

1 and -dr (deg.)

40t

-60

t(L/U,)

Fig. 20 Comparison of yaw angle for 20°/20° zig—zag to
port side between X rudder and cross rudder
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