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Research on the maneuverability of a twin-propeller and twin-rudder
ship under the impacts of rudder geometrical parameters

Xi Yingqi', Zhu Yiming'* | Liu Jingqiao', Chen Changzhe’, Zou Lu’
(1. Mariner Design and Research Institute of China, Shanghai 200011, China;
2. School of Ocean and Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Considering the rudder features of a twin-propeller and twin-rudder ship, a series of numerical simulations of
rudder-force tests with different rudder sectional parameters are carried out by using the Computational Fluid Dynamics
method, from which the normal force coefficients of the rudder are obtained and the effects of rudder aspect ratio and
thickness ratio on the hydrodynamic performances of the rudder are analyzed. On this basis, the standard turning circle and
zigzag maneuvering motions are numerically simulated with the established mathematical model of ship maneuvering motion
with four degrees of freedom. The maneuvering parameters are obtained from numerical simulations and the effects of rudder
aspect ratio and thickness ratio on the turning ability, course-keeping ability and yaw-checking ability of the twin-propeller
and twin-rudder ship are discussed. The research findings provide reference significance for optimizing rudder geometric
parameter design and improving ship maneuverability.
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Tab.1 Calculation parameters of ship rudder
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Fig.3 Influence of aspect ratio on the normal force

coefficient of ship rudder under three thickness ratios
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Tab.2 Hull-propeller-rudder interaction coefficients under different aspect ratios
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Tab.3 Hull-propeller-rudder interaction coefficients under different thickness ratios
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Tab.4 Parameters of rudder normal force model

+ - ’+ ’ -
Qp Yr Yr Ik Iy

-0.8723

0.0555 0.7546 0.4000 -0.4837

3 BHPERAT

FERAS A T IR E 22 7 DA B e T AR A S
(3) M9PY [ B MMG BRI s SR DU B Je i 35 7
PR AR 38 A BUE 5 BB U AN
AL A [ 5% T Z TR bR R g\az Bl , 3R A5 X 1 Y
FEINESHL, 43 BIPEAS A A0 1) [l 5% R 01 LA B g M
A AL 1) PR RE

5 25 T B B ARAS IR A NACAOO18 %]
T AN [R] i % FLAE R B AR AE 35° [l 9\ iz 5l
H ) [l 4 1 S 0, A48 JE R B I Wi A% T, /L TG
UCE B 55248 R/L VA e KIS o o, L
AT TRHE AR B . ATRLE 1, R AR

JE 52 HUE T3 58 (9 XUHOBUE A 240 AR B e 114 [l e
fE:BE B4R 29 3 ~ 3.5 fE MK, [l 55242 2 0
1O~ 1S M. Bl JRE 52 LU RIS R, A e 2] 49
FRFNE B [l A0 S BGsl/ N a R B, B i
SALE A =125 WXL [ A S JO i, OF BAEA
I T2 AR, RIR AL 1. 25 1Y
AERI T AT S i L Y B 5 B Ty o BEOh, R R R Y
P DEA T 101 5632 B I B R B BT do i o, R
P v L A [T e a8 sl e o 280 R BRI 32

386 _aj=1.15 —e—j=125 —a—)=137
361 S
l/'/.
341 u
~ A
e
3of * o
./
28F @
eh 8 12 16 20 24
v/kn

(a) JoPIYEEIRIA2



132 Hh I3 55 49 55 2 )
i —a—)=1.15 —e—}=125 —A—}=1.37 =n —u—NACA0018
] S = —e—NACA0020
—A—NACA0022
1.4} e
1.6 ‘—’ﬂ“‘___,mA———A
o 13F . A " — —"
N A A —A——A— = «—
=2t = —
- /.
Lt 3T "
. ./.
N P
0'94 8 12 16 20 24 : '44 8 12 16 20 24
v/kn v/kn
(b) FEHEUE H I E12 (b) TEUE H 12
4r 4 4r
—a—)=1.15 —e—}=125 —A—)=137 —u—NACA0018
—o—NACA0020
3t 3} —4—NACA0022
= 2 5,
g E
< <
| / 1F
~ ‘/.
04 8 12 16 20 24 04 2‘3 ll2 1‘6 2‘0 2‘4

v/kn
() BRMfHA
KIS [l 5SROt e % L R AR fe il 2k
Fig.5 Parameters of turning ability versus

rudder aspect ratios

Wi, {ELJRE 52 LU XA A PR32 i R A AN A

6 25t TR 1. 15 % H AU [m] ) 1 V2 B2
FEABTLA F AR AE 35° [l 12 2l b 9 I PR Ui 1l 9
A TCIRRE W I e A Ml KB . 181 6 Al LA
SR JHASR]F 5 JEE B T S8 A H A L R 3
DL BUF Y [l L PR RE : eI 29 3 ~ 3.5 f5 s
K, AR 200 1.2 ~ 15 A . BB w1 i 5 2
FURYHE TR, I T (I A A A o e e A 2 B 4 A 3
P WIR P S R T 5 B LU A2 [ e BE 0 A B T
% , T ELAEAS R T 2 S B0 B . R, SR
/NP5 BE e (NACAOO18 ) i 7Y i i it e H. 5 AL
MR RE ST o LA, 55X LR R MRS, S 1 )5
JEE HE XA 11 2 i 2y ot di KRR A 1) S MDA G AN B
2, AT B AT TR N, R O T s A
S [0 5 1 2l Xt s AR b 5

4.0

—u—NACA0018
—e—NACA0020
3.8} —A—NACA0022
B /A/A/A
_A PR
=~ L
236 A,/”/’/:,,,o"””’ .
= / —
° —
./
34F o
3'24 8 12 16 20 24

v/kn

(a) oY R4

v/kn
(¢) B RMfwif
L6 It 1t 2 M0 A v i J2 1 L 1 7 At 2k
Fig.6 Parameters of turning ability versus

thickness ratios of rudder section

&7 45t T R AT NACAOO18 )1 FHIA [m] g 7% 1
e HARMEAE 10°/10°F0 20°/20° 45 i Z IE iz 5
R B — BB (1st OSA) FIEE — 8 B £y (2nd
OSA) . &7 "] LAFE H , SR FHAS ] JEE 52 LU AE BY 4 B3
XIS A5) 2 B H A 1) 2 i 2 s A0 1) PR A7 RE )
10°/10°Z J& 120 56 27 — i B A 1126 — Bl A 25 /N 1

SO0 _ajo115 —e—i=125 —a—3=137

451

Ist OSA/(%)
&
=

o
n

%)
f=1
T

2.
ah

I8 |‘2 lI6 2‘0 2‘4
v/kn
(a) 10°/10°Z T35, S — B A

[ —m—j=1.15 —e—)=125 —A—i=137

[=)}
T

2nd OSA/(%)

\

v/kn
(b) 10°/10°Z FEAR 5, 45 — B



B A5 SRILT SR T B X SHETR LT B 133

[ —m—)=1.15 —e—)=125 —A—)=137

Ist OSA/(%)

4 I8 ll2 1‘6 2‘0 2‘4
v/kn
(¢) 20°/20°Z JEARH , S — bk A

[ —m—j=1.15 —e—=125 —A—;=137

Ist OSA/(°)

4 é l‘2 1‘6 2‘0 2‘4
v/kn
(d) 20°/20°7 JRARU , 55 — B A
BT 55— 05 B A BEAR R 5% LU AR Al 25
Fig.7 1st OSA and 2nd OSA versus rudder aspect ratio

6°320°/20°7Z 156 55— A 11 SF B A 2
T12°, B 5% PO BB R, A — A AR
ARAEANTK, Ti 565 A WA D) , R WA JRR 5% LR
T bR A 1R 5 A A Al A0 1 DR 15 BE 7 52 0 A X
AR

P8 25 th TR 1. 15 J % He AN [a] i) i P 2
FEAERL Y H AR AT AE 10°/10° 71 20°/20° bR ifE Z 1P iz
SRS — A A, TS T AR, R
FHANTR] ] P52 HEAE D5 58 110 H s A B B o e 1Y
B o 0 Al AT 1) PR35 RE D - 10°/10°Z 657 — it
A AN B /N T 6°520°/20°Z JEARE R —
A AN A YN T 120 BEE A TR R
FURRIE R, M 27 — 8 0 15— A R D
ISR AR AR A B, A T8 R, SR A NA-
CA0022 71 T i 8 B XU WU s e 7 A ZSC(EL AR X B
/N, LR RIS GRICH a7 A 2 Ot R ) DRAFRE T

501

—=— NACA0018
—e— NACA0020
45F —A— NACA0022
< 40
<
wn
8
= 35
3.0}
¥
23 8 12 16 20 24

v/kn
(a) 10°/10°Z JEIRH , S — bk M

7 -
—u— NACA0018
—o— NACA0020
| —A— NACA0022

\
\‘\
\

v/kn
(b) 10°/10°Z JE iR 55 , 55 — A

—u— NACA0018
12| —e— NACA0020 .
11 L —A— NACA0022 /
< 1o} /
% of
o
z 8
’7 F
6 I
5 . . . . ,
4 8 12 16 20 24
v/kn
(¢) 20°/20°7 JEi 5, S— B A
131
—u— NACA0018
12 —e— NACA0020
e —A— NACA0022 /.
< of A
<
g o
z 8
’7 I
oL ®
5 : : : . :
4 8 12 16 20 24
v/kn

(d) 20°/20°Z FEiK 55, 45 — B A
85— 0o A R AR L r 22 A 2
Fig.8 1st OSA and 2nd OSA versus rudder thickness ratio

4 HRE

AR SCHRVT T e T JEE B L 5 R 5% LR HE B AU
AR PER RZ ], L5 T .

1) P RCERUIEM, 2247 e S BLEH B i K 3l )
et — 2k, B AU S5 10 J) 5 R % L IE ARG
ANFESRRE , BRGS0 125 1) 7 2 BBt o B B L 16 KT 0
/N KAE S BT, NACA0020 1] T fits 754 () WA b vk )
UK, NACA0018 [y WUE S i 1) F1 ZR s/

2) TEASCREBUINE S 5% LU BUE L B Y, Bl & R
5% HEHE R, BRI [ e S H e s T 1% 5 i
S EER 1. 25 B Z A Bl A% e 0 st s A ek L X M
FIR I 4 328 Bl Bof e BT A 149 52 W O AS B B, 2
e TR R AT [ 325 2 ) AR AT 1) i 5 T 2 %
FURTIZ M e 21 A AL ] DR 457 B8 5 T A XA BR o

3) FEASCRERU AR B LU BUE S B N, B TS



134 bR

55 49 55 2 1)

JELESEI, MU OBUE S 0] 5% RE 7 30825 Fieo e I
i NACAOO18 i , i fiis [B1 4% BE T i it 5 it Bl #2023
ISP B R A 52 8 B JEE L 8 2 T [R) R 45/ D, ek
ST I 5 BT T 58 LS o A St i N 3
(LR B ARA A B s o0 T, R NACA0022 il
TE A3 25 M W vy 2 G 2 i AT 1) PR 5 RE T

& % X #

(1] SRAFEE, PRI R, 25 A G, 0 R ff ) o O 7R 4 SR 4

FTARAE B R2 e [0 ] b 9 A A s ) o 1 5 B o
iz, 2019, 42(2) .7.
Wu Z X, Chen W M, Li J P. Effect of rudder and skeg
on maneuverability of ULCS[J]. Journal of Shanghai
Ship and Shipping Research Institute, 2019, 42(2) .7.
(in Chinese)

(2] BReess, R, 5%, 4. AN e A A E BUe S 48

Yo S ST EG ISR [0 ] A [ i, 2018,
59(4) :97-104.
Chen L. Q, Yan Z G, Shi W, et al. Experimental
research on influence of PSV on performances of
propeller and rudder at different rudder angles [ J].
Shipbuilding of China, 2018, 59 (4).97-104. (in
Chinese)

(3] R RV R A — AR 5 19K 3 ) P fE

B B Bk [ D] AN BU R R
#,2024.
Xie T W. Numerical simulation and experimental
verification of hydrodynamic performance of large
container  Ship-Propeller-Rudder  coupling [ D ].
Hangzhou: Hangzhou Dianzi University, 2024. ( in
Chinese)

(4] JE7 AL, khRE  BRITMG , 55, SRR 4 T 00 T A

JEReKS PRI B BT [T ] iR Jy 2%, 2020, 24
(9):7.
Zhou G L, DuD, Ou Y P, et al. Experimental study on
hydrodynamic performance of rudders in continuous
swing steering condition[ J]. Journal of Ship Mechanics,
2020, 24(9) ;7. (in Chinese)

[5] Liu J L, Hekkenberg R. Interaction effects on
hydrodynamic characteristics of twin rudders [ C ]//
Proceedings of International Conference on Maritime
Technology (ICMT 2016). Harbin, China, 2016.

(61w, KRG, Refls, 45, FLRUKShSEU R R E R
P I]. KR EEIRRLY:, 2017, 35(6) : 147-150.
Hu S, Song W W, Cheng W, et al. Numerical
simulation analysis of airfoil hydrodynamic flow
characteristics[ J ]. Water Resources and Power, 2017,
35(6) : 147-150. (in Chinese)

(7] 20T, SKEME, SN, AN EXIK SRR

[10]

[11]

[12]

[13]

We AR B [T ] o s, 2020, 46 (5) -
148-153.

Li S J, Zhang Y H, Dou R H. Numerical simulation
analysis of influence for airfoil thickness on
hydrodynamic characteristics[ J]. China Measurement &
Test, 2020, 46(5) ; 148-153. (iin Chinese)

MBI, RS, MEKTE, 5. AFRAESEON MUK ALK
S PERE M BAERT T[T ). KB 12 oe 5
(A#8), 2021, 36(4) : 540-546.

Lin Q C, Zou L, Mei T L, et al. Numerical study on
influence of rudder parameters on hydrodynamic
performance of free-stream rudder[ J]. Chinese Journal
of Hydrodynamics, 2021, 36 (4 ). 540-546. (in
Chinese)

A, JriE, skAh. BEALE SRR R CFD 5 #
TRAAE R L BT FE LT ). KB 120 5e 5 it g
(A#g), 2023, 38(5): 677-682.

Cheng J, Fang Z, Zhang W. Comparative study on
simulating flow around foil section using CFD approach
and potential flow theory [ J ]. Chinese Journal of
Hydrodynamics, 2023, 38(5): 677-682. (in Chinese)
W, IS 3 RVEE S A K 3 ) M RE K it iF g
[D]. Lifg. BifEscid Ry, 2017.

Chang T T. Study on the hydrodynamic performance and
design of JfS flap rudder[ D]. Shanghai: Shanghai Jiao
Tong University, 2017. (in Chinese)

Wsr, kAR, WEE, . RSB AE T )4y
PR BB EAEE (D], R i, 2017, 58
(1) 19-27.

Yang L, Zhang H, Shen D A, et al. Numerical research
on influence of parameters of flap-rudder on its lift
performance[ J]. Shipbuilding of China, 2017, 58(1) :
19-27. (in Chinese)

MR, AL, BT, SF. JET FLUENT B8
femok g rEReit B L] EKE(FER),
2016, 16(11) : 1-3.

Ye J Z, Huang J, Huang S H, et al. Hydrodynamic
performance calculation of a new rudder based on
FLUENT[J]. China Water Transport, 2016, 16(11) ;
1-3. (in Chinese)

XA, ReE, M. JLFEANRK S ) R R R ALK
B SREAUL) ] R TRER A4k, 2018, 39
(4) . 658-663.

Liu Z H, Xiong Y, Ye Q. Model experiment and
numerical simulation of the hydrodynamic performance of
a conformal rudder[ J]. Journal of Harbin Engineering

University, 2018, 39(4) : 658-663. (in Chinese)
(TH% 143 T7)



PRI 00, S5 T S AR SRR Al A (81 3 S ST I B S A T A A 143

Systems, 2023, 21(8) : 2708-2717.

[14]

Peng Z, Wang J. Output-feedback path-following control

[ 8] Zhang W, Wang Q, Du X, et al. Real-time NMPC for of autonomous underwater vehicles based on an extended
three-dimensional trajectory tracking control of AUV with state observer and projection neural networks[ J]. IEEE
disturbances [ J ]. Ocean Engineering, 2025, 319. Transactions on Systems, Man, and Cybernetics:
120267. Systems, 2017, 48(4) ; 535-544.

(9] /v, 58 5k 75 R, 5. 48 700 03 42 1l 6 A A0 201 [15] Hu X, Gao X, Li T, et al. Dynamic event-triggered
EMERIES RN )], RG05 B2 4)], 2016, 28 prescribed performance disturbance rejection fault-
(10) :2620-2625. tolerant trajectory tracking for surface vehicles [ J].
Qian X B, Yin Y, Zhang X F, et al. Application of Ocean Engineering, 2024, 312, 119063.

Model Prediction Control in Ship Dynamic Positioning [16] Zhu W, Wang Y C, Gao D J, et al. Fault-Tolerant
Simulator [ J]. Journal of System Simulation, 2016,28 Control Strategy of Intelligent Ship Based on Model
(10) :2620-2625. (in Chinese) Predictive Control [ J]. Ship Engineering, 2022, 44

[10] Liu S, Zhang G, Guo G, et al. Adaptive output- (11) :98-104.
feedback  event-triggered ~ formation  control  for [17] Mou J, Zhu Q, Liu Y, et al. Multi-objective optimal
underactuated ships with obstacle avoidance mechanism thrust allocation strategy for automatic berthing of surface
[J]. Ocean Engineering, 2024, 299. 117373. ships using adaptive non-dominated sorting genetic

[11] Zhu G, Ma Y, Hu S. Event-triggered adaptive PID algorithm III [ J]. Ocean Engineering, 2024, 299.
fault-tolerant control of underactuated ASVs under 117288.
saturation constraint [ J ]. IEEE Transactions on (18] X JCiE, EFEN, AR aiar, 45, Wiyl Fn 8 frinis 4l
Systems, Man, and Cybernetics; Systems, 2023, 53 ROBFFT R R (0], #0398 5 0, 2013,30(2) .
(8):4922-4933. 137-147.

[12] Zhang C H, Yang G H. Event-triggered adaptive output Xia Y Q, Fu M Y, Deng Z H, et al. Recent
feedback control for a class of uncertain nonlinear developments in sliding mode control and active
systems with actuator failures[ J]. IEEE transactions on disturbance rejection control [ J]. Control Theory and
cybernetics, 2018, 50(1) ; 201-210. Applications, 2013,30(2) ;137-147. (in Chinese)

[13]  FEooE, skak A, F ke, M AR 2538 3 J % 7 42 1 42 [19]  URELSE, Wity , 80k 56T 2ot SHADE 53 i

AREGRLT]. W IR T AR 24 4, 2023,44(2): Aree R Ge ey oy me LY 1. b B BIF 5T, 2020, 15
172-180. (4):173-182.
Wang Y H, Zhang X Y, Wang C L. A survey on ship Zhu Y W, Xiao ] M, Wang X H. Thrust distribution of
position mooring control technology [ J]. Journal of marine power system based on improved SHADE
Harbin Engineering University, 2023,44 (2) :172-180. algorithm[ J]. Chinese Journal of Ship Research, 2020,
(in Chinese) 15(4) :173-182. (iin Chinese)

(E¥EE134 ™) Jiaotong University, 2017, 51 (3). 314-319. (in

(141 X, B, B SERURARE IR Chinese)

BB BB ()], M 1%, 2021, 25(6) [16]  SFHEME. BT CFD AR BUSEAR Y [ th B MMG £

726-738. TUARL RARPPE TR TE (D] Bl B A0E R

Liu Z H, Zhai S, Luo F Y. Study on the characteristics 2, 2019.

of conformal rudders and their influence on vertical plane Guo H P. Research on the CFD-based modeling of 4-

maneuver of submarines [ J ]. Journal of Ship DoF MMG model and maneuverability prediction for a

Mechanics, 2021, 25(6) : 726-738. (in Chinese) twin-propeller twin-rudder ship [ D ]. Shanghai:
[15] ™44, R, Taeut, 2. Fies b iengisit & Shanghai Jiao Tong University, 2019. (in Chinese)

HoRSOPERE T[], B Sl Rarsa i, 2017,
51(3): 314-319.

Ye J] M, Wang W, Yu A B, et al
Numerical Analysis of Hydrodynamic Performance for

Anti-Cavitation Twisted Rudder[ J]. Journal of Shanghai

Design and

(17]

Guo H P, Zou Z J. CFD and system-based investigation

on the turning maneuver of a twin-screw ship considering

hull-engine-propeller  interaction [ J ]. Ocean

Engineering, 2022, 251 110893.



