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Hydrodynamic load characteristics of a pre-propeller
energy-saving duct under steering state

YU Peng—yao', HU Xin—yu', QIN Qiang', HAN Bing—bing', CAI Shi—jian*, ZHANG Hao—song'
(1. College of Naval Architecture and Ocean Engineering, Dalian Maritime University, Dalian 116026, China;
2. Shanghai Key Laboratory of Ship Engineering, Shanghai 200011, China)

Abstract: Energy-saving ducts ahead of the propeller are widely applied to merchant ships as highly efficient
energy-saving devices. Taking a certain bulk carrier as the research object, this paper adopts CFD technology
to establish a numerical analysis method for the hydrodynamic loads of the energy-saving duct ahead of the
propeller under ship steering conditions, and verifies the accuracy of the proposed method through
convergence analysis and comparison with relevant experimental data. Based on this method, the influence
laws of key factors including displacement volume, ship speed, rudder angle and rudder speed on the
hydrodynamic loads of the energy-saving duct ahead of the propeller are investigated. The results show that
the larger the ship's displacement volume, the greater the hydrodynamic loads acting on the energy-saving
duct ahead of the propeller in all directions; the increases in ship speed and rudder angle both lead to an
increase in the hydrodynamic loads on the duct in all directions; rudder speed has almost no effect on the
hydrodynamic loads of the duct.

Key words: energy-saving duct; steering state; hydrodynamic load characteristics; numerical simulation

][l

0 35|

TERERE 1B 75 40 (EEOD) FIRERL UL T8 £ (EEDD A5 5 il VEAR vEE SN T, AT 4F R MR 19 BRI HER A

Wk H . 2026-03-20

AW H: T s B B E ARSI H” (CBZ03N23-03); |1 ARAN TR 5 5 S %8 K435 H (SE202301);
S IEABMIRY 45 3% (3132023510) ; R RHI A A F628 TR2£(20200NRC001 )

TEH T TME#E(1988-), 5, 18+, (4%, E-mail: yupengyao@dimu.edu.cn;
e e(1993-), B, 15, iliH/E#, E-mail: hanbingbing@dlmu.edu.cn,


https://doi.org/10.3969/j.issn.1007-7294.2026.09.007
https://doi.org/10.3969/j.issn.1007-7294.2026.09.007
https://doi.org/10.3969/j.issn.1007-7294.2026.09.007
mailto:yupengyao@dlmu.edu.cn
mailto:hanbingbing@dlmu.edu.cn

1474 AR 27 55 30 55 9 1]

AT E N AN T 2Rk S e B, R SRR PRI B, I HLERT
TR E A RSO o BT o, SR S — P RO RS B R T s AN,
] LA O AR B A, B SR et AR, BT S B  EI R

FIR, [ M B RSEAT T RE ST R T — R FIHFIE . Wil fe 5™ 3 T —Fh R T ookl
RANS(Reynolds-Averaged Navier-Stokes ) J5 & i 2 1l 7 AE < 17 REASCR AL Filfie 77 ik, mFoe 45 1 3k
W22 B R AT I, SRS O HEASR A FIH Th o Ar ) B/ i 20 2 S ) TR B4 3 BRI
PEAT T BUE TR, 300E T3 AR 8h 7124 CFD(Computational Fluid Dynamics) J5 ¥ 78 2 iy 17 B8 58 W
TR R . B Sl CFD AT iE SR A 8 1T LU SGE IR, 3 THIZBE A
R FAEAET BESE TR E S A B R M UERCR AR A B, & AT E PR i
PR 29 FEW/ MRIEIERE . 1S PR IAIE TR E PO TR R RS AR T
U SE I AR e B B AT L B AR I P R . Nowruzi 25 3 i [ AR A
CFD J7 0158 T AR e A48 S HEPERE B MR . Furcas 260" 5@ i PR B oA AL R R AMES S AE T,
BT THORBI T BEROR . Go 251 3 i R S S T 1028 A B R HL 5 MBS 2 [] B 7 R R,
HE— PR TF THEVERCR . Faitar 261 fORIFFE W, 15 68 SAS B TR THIRAR/K 3 3 PEBE, (50T R i) 42
WS ARG, i It G5 S EAA AT AT R R S T

AT LAE B 5T 32 B B 2R T RE A T RERSCR At AL A 1. FESEBR R H H, SR ORIIE
Fi R i, S5 S AR 22 [ A e LA SR FH AR S 25 A i i, = 385078 1 X IR A AR R 55 . 7
FRABEACIRAST, S SRz SRS RS/ sh#kar, PTRES | R A58k, MARAHSCHILYE C B8
RS KA IR, (H H AT = REME R 5 . Ik, AR SCR A CFD BB
T3, BRSO ERAE AR P 2R WY B 2 K SR R, RGP TS RIHE KRR e, e A B ek
ER R XK ST AR, S8 A h s FE A SR i S

1 H=RBETZE

AR CFD BB %, F5E T #K 2 0F AR AR IR A T AS 6] PR 20 8K sh g far etk 1Y)
i, EBUEBLE R (1) SR ERAFR (Volume of Fluid, VOF) 75 B B W it 3h 5728 4k; (2)
Y A A AR R S I A 5 B0 R T 3 Bl LA R A A O (3) SR P 8 2 O AR — W AR A
(Dynamic Fluid Body Interaction, DFBI) J7 i S2 BUARARTER K R 7S [ i BE B Sl (4) RJBIRFR I 12
RS SRR 2 18] AR E AR R, B IRBUE DT A A TR B J e T 00 (K S PR RE SR
BE TR F B
1.1 =H A

P O R G E Sy B AN Sl R, BRI 1 Navier-Stokes J5 R4 417 #2 (1) #1(2) iR

ou;

— =0 1

- B M
o) owm  op  om Olpuw)

— ) — T — — — 2

a YTax,  ox Foxax, ax, FF @)

2o w AP R R BE 5 V-2 515 p R PR TR & 0% BE 5 puju, R B VIS FI 300 o A 3l K
i g JE S NEEE, g=9.81 m/s’,
T Boussinesq R, 5 15 N 1 B A0 Ay di A B rop ATSF-X57 38 A6 B2 114) PRIESC, A 2 (3) TR
— (az @) 2

—puu’; = fir + x|~ gpkaij

o 3)

A kSRR SIAE, 6, 0 B N TR
R Menter™ 42 1 1Y k-co Tt FARIACE PR 5 RRAL . T BHAE (o) A HLAEHICR (o) B2 7 R (A B2
TR TR (4) R (5) P



55 9 1 THEEE . AARERAEIRAS T 2Ty RE A K Sh - 1475

d(pk)  d(puk) ) P ok
i + o P, — B pwk + o, (u+ o) o, “
Apw) O(puw) w , 0 ow
ot ax, =y Pe—bpw +a_xj (ﬂ+<fwﬂl)a—xj ®)

o PR B REAE LI, B pwk 2t Bl REFETRI, Y%Pk JE FURERCR = AT, Bow? J2 U REHCRAERIN
1.2 BHRERMRAE

SHERR B R T BRI, SR LA AR RRT I (Volume of Fluid, VOF) #EATHH ™. VOF Jrik
a5 AT B R F RS E VR A B S ER S . Y IAS FROT L T PR R A A S X T
IRBUECH 0 < F <1 FRiz ot R B AEAE PRI, Ab—F A Ay B . i 2 5 — A% 5E g H

PR SEI, AR F A9ME N 1, %ﬁiﬁiﬁqﬂgﬁﬁﬁﬁﬁﬁio b, JKARMARRR M o SCITR

o= (6)
\%
o, VIR RIS ARE Vi aer JE PR KRBT, I, o BUEA[0,1], BP
a=0 M
O<a<1 HHWmH (7
a=1 JKAH
TKAARRL ST 8 o O iz AR U 2 (8) FIf
%§+V{aw+V4aﬂ—amJ=0 (8)
A, u, RS, E AT
Co, |df|

U, = Cyiy ©)
Hor, ¢ JEAEEH A H T BB Y 46 % 40 n, %ﬁﬁﬂ%@ﬁ n WAL ] HE 5 Co,| di| /2275 TR 40 R A
dy S SE T A R RO ] RS s A2 IRFTRI A
1.3 BIEREMEEEA L

ARSCR AR ) T BB e 2 o 20 DR TR 3 5] oy AR 2E B AE B AR o AR T AR 1)
R, 43T BIARIA S G Goldstein FYBAESM G, LT AR 451

Ju=ar1-r; (10)
fio = ayr:— vi-r (11)
r-ryer,
pelTh g Do T (12)
1-r Ty T
T,
g =2 " (13)
8 @A, (3ry+4r,)(r,— 1)
105
ag= — O (14)

8 wA,r,(3ry+4r,)(r,— 1)
o r R IRERE X SR AT I — s B L A R 25 5 r IR BERE 1A% n IR BESE 2R B AR T, R i
TERIHET 15 O, MIRHESRE T A, N2 BETEIIESE; £, R0 £ 5351 Ryt ) 3 FOT) ] 3 A 82 X B 1
3. A (10)~(14) BARZ T I IR B[ 431, AR5 2R IBUIR e 4 FaE . it A
SR A ICHT26] B 67, AR PSS AR (OO PRI TR A

2 7T RS ST

2.1 RIS
ARSI R A SRR M A ISR 4, i RHE R 1 36, MEARRNERE ) £ ESENE 1 PR,



1476 AT WA 5530 55 9

R Ly, WL, B OARISE, D NPT, S OAAETE AR, RIS MUK PEREANZR 2 P, b J ks
BB, Ky e AL 10K, AR AL no WECR S X TIHHREAS B R BT AT IR MUK il 28, SR AR
JTRRESE XS IR RE AU A . AR - A A LTI 1 B

&1 RENERERNEESH

Tab.1 Main parameters of hull and propeller

s A e
— Ly, /m B/m D /m S /m’ gt T2 /m BB I
e 6.36 0.90 0.56 0.045 4 0.194 0.786
xR 2 BHEREIKERE
Tab.2 Open water performance of the propeller
J KT IOKq Mo J KT IOKq o
0.1 0.251 0.288 0.138 0.5 0.108 0.154 0.558
0.2 0.220 0.258 0.270 0.6 0.066 0.113 0.560
0.3 0.185 0.226 0.391 0.7 0.021 0.066 0.377
0.4 0.148 0.191 0.493
oo
HESE
»F
1 AR R A LT BB
Fig.1 Schematic diagram of the integral geometric model for hull, propeller and duct
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Tab.3 CFD numerical calculation conditions

THHES Vi Y/ (ms') 6/ (°) V/(°s) | T4 vim' V/(ms') 6,/(°) V./(°s')
1 1.64 1.21 35 13.92 5 1.64 1.21 15 13.92
2 0.82 1.21 35 13.92 6 1.64 1.21 25 13.92
3 1.64 1.02 35 13.92 7 1.64 1.21 35 20
4 1.64 1.37 35 13.92
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Fig.2 Settings of the computational domain
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Fig.3 Generation of the computational domain mesh
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Fig.4 Forces on the duct in all directions under different meshing schemes
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Fig.5 Forces on the duct in all directions under different time step schemes
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Tab.4 Peak forces and convergence rates under different meshing schemes and time steps
— P45 RYIEEIZES
Z JIWE(H /N
Gl G2 G3 Rl Tl T2 T3 R2
G (xFrm) -4.634 —4.615 -3.370 0.015 -4.672 —4.615 —4.544 0.803
B (yJrmm ) -3.549 -3.526 -3.357 0.136 -3.552 -3.526 —3.487 0.667
M (270 ) —6.868 —6.866 —6.072 0.003 —6.877 —6.866 —6.804 0.177
HRYESCHR[27-29] FUISCRITTE 7%, 24 RAETG A& 0 < R < 1 B, FREAfFEA Bt . 11HE 45

TR B B DN 6] ) ROAR LSRR (R 1) A (]2 ROCSER (R2) il /2 Hik 260, B RIFeolcsiott. 4%
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id i 8 id i 3 id i
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Fig.6 Forces on the duct in all directions under different displacement volumes

R 5 AEHKERTSEEA ENZ NIEER HILRE
Tab.5 Peak forces in all directions on the duct and their occurrence times under different displace-
ment volumes

HEK % FIVE(H /N Z FIAH B RTR] /s
Iha /x e fy TE[n] /z g\m] /x K& fy Iem] /z
JE#HEK -2.87 -2.07 —5.45 26.67 20.59 24.45
T E K —4.62 -3.53 —6.87 24.40 18.60 24.06
6 6 6 L — 1.02ms

3R — 121 m/s
Z
o
—1.02mls
- —1.37m/s - '
—-12 e L -12 i ;
1 1214.18 25 45 1 1214.18 25 45
t/s t/s t/s
(a) x M) (b) y IrmzH (¢) z 537

K7 AFIUE T A S TT 1 152 71

Fig.7 Forces on the duct in all directions under different ship speeds
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Tab.6 Peak forces in all directions on the duct and their occurrence times under different ship speeds

ik / (mes™) % J1VEAE /N % FIVEAE H ER AR ] /s
Y1) /x 1 1a] /y Fln] /2 h1a] /x 1 1a) fy Tefn] /z
1.02 -3.09 -2.52 —4.96 27.70 21.55 25.48
1.21 —4.62 -3.53 —6.87 24.40 18.60 24.06
1.37 —6.19 —4.59 —8.91 23.49 18.29 20.98
33 e AR

K8 45t TRFEIAE A T4 x. sz AT 1. ATLUR M, 7E EATAITRER Be, i TAE A i
AP BE AL T4 2500 A BE R b B v, W RE A AT A2 A W 25 . R IR B, e
WAL CL 25T B, FEANFINEA N OREE [ e, A5 (52 1A B ANIR] o EAR A3 R 3 B0 48 19 52 7 I F 0
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5.0 — : 5.0

2.5
0

-5.0

=75
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Fig.8 Forces on the duct in all directions under different rudder angles
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Tab.7 Peak forces in all directions on the duct and their occurrence times under rudder angles

g (o) Z W /N % WA H B A B ] /s
Gh1n) /x ] fy T[] /2 N feg e fy T[] /z
15 -3.67 -3.23 —6.43 29.46 21.86 28.13
25 —4.56 -3.36 —6.72 28.15 20.14 23.84
35 —4.62 -3.53 —6.87 24.40 18.60 24.06
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ATV, (AR [0 B B R ST M 5/ N, SOE O T A B 32 TR 5/

4 : 4 — T
—1392°s | . | —13.92°/s
2+ ——20.00°s iy |
<
N
1 1214.18 25 45 1 1214.18 25 45 1 1214.18 25 45
t/s t/s t/s
(a) x 1A% H (b) y IrmzzH (¢) z iz

K9 RFEIfEE T A% T7 101952 71

Fig.9 Forces on the duct in all directions under different rudder rates
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