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Identification of hydrodynamic derivatives and motion
prediction for ship maneuvering based on the elliptic
blending turbulence model

DUAN Ming—tao, BAI Yang, XU Hai—jue, LIU Jun—zheng, QIN Meng—chun
(State Key Laboratory of Hydraulic Engineering Intelligent Construction and Operation, Tianjin University, Tianjin
300354, China)

Abstract: To address the insufficient analytical accuracy of traditional turbulence models in simulating ship
maneuvering flow characteristics, this study proposesd a hydrodynamic derivative identification method
based on the Elliptic Blending (EB) turbulence model, aiming to improve the prediction accuracy of ship
motion under complex maneuvering conditions. Taking the KCS ship as the object, the performance of the k-¢
turbulence model, Shear Stress Transport (SST) k-w turbulence model and EB turbulence model was
compared in terms of flow stability and vortex-resolving capability. Based on the EB turbulence model, static
drift and pure yaw simulations were conducted to identify hydrodynamic derivatives, which were then input
into the MMG model to predict turning motions. The EB turbulence model significantly improves the

resolution of flow with strong pressure gradients near the wall by reconstructing the Reynolds stress transport
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equations. It accurately captures the evolution of bilge vortex clusters and asymmetric stern vortices in static
drift conditions. In pure yaw motion, it effectively represents the dynamic coupling between vortex intensity
and free-surface fluctuations. For the 35° rudder angle turning prediction, the average deviations of tactical
diameter and steady turning diameter are only 3.34% and 1.55%, respectively, representing a maximum
accuracy improvement of over 30% compared to the k-¢ turbulence model. The EB turbulence model
demonstrates high fidelity in simulating ship maneuvering flow characteristics, enables accurate identification
of hydrodynamic derivatives, provides reliable prediction of maneuvering motions, and offers a reliable tool
for the safety assessment of actual ship navigation.

Key words: ship maneuverability; elliptic blending turbulence model; hydrodynamic derivatives; turning

motion prediction
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Fig.12 Dimensionless force X ' of pure yaw
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Fig.14 Dimensionless moment N ' of pure yaw
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Tab.4 Hydrodynamic derivatives from Ref. [7,13] used in turning motion prediction
IKEH 7158 X, Y, Y, Ny, N,
eIz 0.3099 —0.4444 —0.5461 —0.7339 —0.0570

x5 FHEMERINKINIH

Tab.5 Hydrodynamic derivatives from static drift simulation

K3l 1545 CFD RUE  CPDHIXHRIEIRZ (%)  SSTho"”  SST k-ofiXHAHEIRZ (%)

X' —0.0534 - —0.0719 -
X" 0.0906 0.1089 —-16.8 - -
Y, -0.2431  —0.2591 —6.2 —0.2450 -54
Y. -1.7514  —-1.7212 1.8 —1.6670 -3.1
N’ -0.1324  —0.1421 —6.8 —0.1386 -2.5
Ny’ —0.2335  —0.2666 -12.4 —-0.2335 -12.4

g5 b, 5K B )1 58 CFD A 5 il (A 7E— 1R 2, {3 EB I B e R (K g i 5 2
BOCHE SR BN AR R0 — 2, HIEAER Zim 5 g b 5 [l i iz sh i h i e 3 2. 45 21
BRI, 4.3 7)o JREMFRATE L 2 T BN, i — P B e SR U R 2%

4.3 EFiEshR

WAl 15, 2T EB it A AL 9 05 B AE KCS M 35081 01 5% iz 2 Fn I v Je 20 S 25005 B L 34
W 7 7R, PR (0 S R 55 4 bR 5 SIMMAN 2020 3056 {8 = BE W) A+ iR B A% (Tp/L,,) BUE (4
1% 103.75%, 47 #% 102.93%) 50 5 TR 56 v, 38 k- BE7(109.47%, 101.12%) 1 SST k- i i 55 7Y
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Tab.6 Hydrodynamic derivatives from pure yaw
CFDAH XS5 k-e R (i SST k-t X5
Keh S crp WM - \ -0 \
N B (%) 92 (%) % (%)

X, —-0.0172 4.7 - - —-0.0292 69.8
Y.“m'm,  —0.0488 —0.1753 —72.2 —0.009 47 —94.6 0.0135 -107.7

Y, -0.0217 —0.0228 —4.8 —0.004 97 —78.2 —0.0415 82.0
N)-m"-m,"  —0.0434 —0.0462 —6.1 0.002 45 -105.3 —0.0437 -5.4

N,,,' —-0.0217 —0.0313 —30.7 —0.002 05 -93.5 —0.0509 62.6
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Fig.15 Trajectory comparison in turning motion
&7 35°mERIEARRTEE
Tab.7 Comparison of 35° turning indices
HECE I I 72 [0 5 REaAEES
CFD CFD/IX%: (%) CFD CFD/IXH: (%)
Tp/Ly, 2.74 103.75 291 102.93
Ap/Ly, 3.01 102.74 3.05 105.02
Dy/Ly, 231 100.57 2.56 102.52
k-¢ k-e/iE (%) k-¢ k-e/iIE (%)
Tp/Ly, 2.89 109.47 2.86 101.12
Ap/Ly, 3.38 115.20 3.33 114.75
Dy/Ly, 3.14 136.64 3.21 128.55
SST k- SST k-w/IX%: (%) SST k- SST k-w/IX%%: (%)

Tp/Ly, 2.78 105.11 3.00 105.86
Ap/Ly, 3.00 102.18 3.12 107.48
Dy/Ly, 234 101.78 2.58 103.00
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