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Research on near-surface maneuvering characteristics of free
running X-rudder submarine model in waves

CHEN Mo, ZHANG Nan
(China Ship Scientific Research Center, Wuxi 214082, China)

Abstract: To address the practical requirements for enhancing the prediction methods of submarine
maneuverability and seakeeping performance under complex sea conditions, overset mesh and sliding mesh
techniques were employed to simulate the six-degree-of-freedom (6-DOF) coupled motion of the submarine,
independent deflection of X-stern control surfaces, and rotation of the propeller. By integrating the Volume of
Fluid (VOF) method to capture the free surface, a numerical simulation methodology for near-surface
maneuvering motion of the free-running submarine model was developed. Through systematic investigations
on the near-surface turning maneuvers of an X-rudder submarine under varying submergence depths in calm
water and in regular waves of different wavelengths, critical challenges were resolved, including
hydrodynamic coupling modeling of the hull-propeller-rudder system and the free surface, PD (Proportional-
differential) control of the X-type autopilot, and PI (Proportional-integral) control of propeller rotational

speed. The results demonstrated that when the submarine maneuvered excessively close to the free surface,
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the turning diameter, lateral advance, and maximum longitudinal advance of the X-rudder submarine
increased drastically. This was primarily attributed to a significant degradation in rudder effectiveness, with
secondary contributions from increased lateral forces on the propeller. Under specific wavelengths, vertical-
plane motion attitude variations in the fourth quadrant during turning maneuvers induced substantial
fluctuations in the normal force of the X-rudder, leading to pronounced adjustments in the drift angle and
significant deviations in turning trajectories. These findings provide critical technical support for the
prediction and evaluation of submarine maneuverability and seakeeping performance, as well as for the
refinement of free-running submarine model experiments.
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Fig.4 Comparison of near-surface depth-keeping straight-ahead maneuvering performance under different time steps in waves
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Fig.9 Turning trajectory and hull hydrodynamic forces near the surface in still water
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Tab.4 Statistical results of characteristic parameters for near-surface turn maneuver in still water

BIHWL  EWUANGERPS #HE AU MAREFEEAED/L  BKRYMELYL  VISHEEES/L  SEES e

0.16 6.63 0.663 4.66 3.07 232 —4.32
0.19 5.50 0.799 3.25 2.73 1.79 ~7.80
0.22 5.25 0.837 3.23 2.75 1.77 -8.36
0.27 481 0.914 3.20 271 1.73 -8.51
KF 4.83 0.910 3.19 2.73 1.72 -9.04

B 9(b) . [ 9(c) FE 9(d) o5l Frn K Hh 4t A Joubert BB2 W AR YT /K E #hiz shfli 1) 71 &
X ) ) AL YR A R N R AR 2 . ST IR a4, Vel ) g L e
I T A R0, B S B S RO T AR, L i MG 0 28 D A e BRI J AR5 I Ff w=90°315 [
PR R MU B . IR TR A/L=0.19 B, T REAS A [0 58 B 1 el 1) ) RN 6 0 32 BRS8N,
A0 1) 3 248 X5 (1 0] B T 2 BB/ N a3, L& /L =0.27 BH i) J3 J LA IR RSN . 128 h/L=0.16
B, VS A i ) T RV AR A T R A S 1) 22 DR e stetR A, LS 1) 3 AR ) g e X B /N A T %
{E. UNTE tUy/L=8 B2, 12UR h/L=0.16 XL TR 3 5350 LK T RS RAE/ N 54.0% Fi118.5%.

Pl 10 R 7K Joubert BB2 s AR Y 3T /K IH] W1 %42 3l X AR #R N 1H ¥ 0] 01 RELC, B 15 25 Ak i



732 WEAR 127

5530 B4 5 1Y)

2o L PRMEIFEHE R T BE RO UG BRI BIRE I, X FEk ] ) BRAS, Bt R 1A T A 1) 3% -2

(LI 12) FUTE R A /), XA ] J1 g ks T F4e

R h/L=0.19 B, MG GORE T A

1R X e 0] S22 BN, TR h/L=0.16 I, SEIRR 31 X Aeik i 1100 S, fescn FRE .
099 —jr=016 ---wWL=0.19 0979 —wL=016--WL=0.19
S WL=022 —— hL=027 CWL=022 —— WL=027
0.6- = JKF

061 o KF

-16 -12 -8

099 =016 --WL=0.19
S WL=022 ——WL=027

-16 -12 -8 —4 0 4 8 12 16 20

tU,/L
(b) X2
0.9 —WL=0.16 -~ KL =0.19
L WL=022 —— WL=027
0.6 = JKF

16 12 8 -4 0 4 8 12 16 20
tU,/L
(c) X3

16 12 8 -4 0 4 8 12 16 20
tU,/L
(d) X4

P10 K AR K I el 5% X AR BRI HIE [0 T3

Fig.10 Time history of normal force on X-stern control surfaces during near-surface turn maneuver in still water
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Fig.13 Turning trajectory and hull hydrodynamic forces near the surface in waves

5 KRAPIEKE RS LT

Tab.5 Statistical results of characteristic parameters for near-surface turn maneuver in waves
WRAUL  AMURHERPS  HEEAREY MOREREEAED/L  RRYMLL  UIERRES/L PR

1.0 4.61 0.953 3.42 2.60 1.71 —7.24
1.5 4.68 0.940 3.32 2.57 1.79 —=7.50
2.0 4.06 1.082 3.29 2.61 1.71 —8.57
2.5 4.59 0.958 3.37 2.59 1.78 -7.79
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