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ABSTRACT

The wake dynamics of ducted propeller has great influence on its open water
characteristics, noise and maneuverability of ship. The mechanism analysis of the
influence of the gap between duct and blade tip on the wake instability has far-reaching
guiding significance for the optimization of the hydrodynamic performance and noise
performance of the ducted propeller, and can provide a reference for the design of the
configuration of the ducted propeller. At present, many researchers at home and abroad
have carried out relevant research on propeller wake dynamics, but the analysis and
research on the instability of ducted propeller wake are few. In addition, there are few
studies on the special vortex structure of the duct propeller, especially the Tip leakage
vortex (TLV). In this thesis, by referring to and expanding the analysis methods and
theoretical system of conventional propeller system, combined with the special vortex
system structure of ducted propeller, the influencing factors and rules of its wake
instability will be explored.

Based on the numerical simulation method, the comparison and verification of
numerical simulation and experiment, the performance comparison of propeller with or
without conduit, the performance comparison of conduit propeller under different tip
clearance, and the influence of different bionic tubercle leading-edges on the performance
of ducted propeller were carried out. The research focuses on the tip leakage vortex
characteristics of ducted propeller and the instability analysis of wake flow. By means of
turbulent kinetic energy power spectral density analysis method, the correlation between
tip vortex characteristics and wake stability was established, and the influence law of duct,
tip clearance, bionic tubercle leading-edge and their size and distribution on short-wave
instability, long-wave instability and mutual inductance of the wake of ducted propeller
were revealed.

Firstly, the numerical simulation of the reference propeller was carried out, and
compared with the experimental values, the mesh and turbulence models for the
subsequent calculation were determined; Secondly, by comparing the open water
characteristics and wake development of the open water propeller and the ducted
propeller, the influences of the duct on propeller performance, flow field characteristics
and wake instability were revealed. The results show that the duct can optimize the wake
and improve the stability of tip vortex mutual inductance and secondary mutual
inductance under the medium and low advance coefficients. Thirdly, the development of
tip leakage vortexes and wake of ducted propellers with different tip clearance sizes was
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studied, and the influence of tip clearance sizes on propeller performance, flow field

characteristics and wake instability was discussed. The PSD analysis of tip vortex
characteristics and wake measuring points showed that appropriate tip clearance could
improve the stability of tip vortex mutual inductance and secondary mutual inductance.
Larger or smaller tip clearance size will increase the wake instability of the propeller.
Finally, we compared the numerical simulation results of the guided propellers based on
different bionic tubercle leading-edges, the influence of the tubercle leading-edges and
its size on the performance of the guided propellers, flow field characteristics, blade force
time fluctuation and wake instability were explored. The results show that the bionic
tubercle leading-edge is helpful to improve the open water performance and reduce the
time history fluctuation of the blade force. The PSD analysis on the characteristics of tip
vortices and wake measuring points shows that the larger bionic tubercle leading-edge is
more suitable under low advanced coefficient and heavy load condition, which can
significantly improve the stability of tip vortices mutual inductance and secondary mutual

inductance, and help to optimize the wake flow.

Keywords: CFD, ducted propeller, Tip leakage vortex, bionic tubercle leading-edge,

wake instability
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Fig.1-1 Physical picture of the ducted propeller mounted on the hull 4!
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K, RIRTHR] R, 76 SR e M A, 5 ANt 2 R i IR Bt X 3 0 Bl 6)
W TR 1) 1 R HL A EE LS, R I 2 A MR e 2 (K IR AN, AR AN [ T K
MR IR RSN I G, o, RSBRIA BN B BRI R T (4

HF FLRIR 1) T LA 544 Eﬁ;ﬁ}%mﬂﬂ@"%ﬂﬂfﬂﬂ’w&%ﬁ He, 32
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SIHT, AT DAAS B S R TR R A s AL ER, 3E— 25 4 b I TR B 04 DK /e
RRIMAIZNEE, GBI TIRZIE R S8R &R R AR 20, XTS5
RS . I MERE R AEIS IR E S % . FIE 12 24 T S8 SR BRI IO AR AL Ay
I E 4.

B 1-2 545 3 A I R LR K B 1194
Fig.1-2 The test and simulation TLV of ducted propeller P4
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B 1-3 rH34 30 B A TLV 69 4272 5 AL (ERIRAT 3 AN 1] ) 159
Fig.1-3 The unsteady evolution of the TLV in an impeller rotation period, Q = 5x103s2 [53]
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PR EE N SA. b, SE R - RITERE S B A 5 Ak

Vin
J==" (2-16)
T
K. =—258_ 2-17
7B pn2D4 ( )
T
K, = D 2-18
Ry (2-18)
0
K, = 2-19
0 pn2D5 ( )
K, =K, +K,, (2-20)
n= iﬁ (2-21)
27 K,

Horp, JRBEERE, n MREREE, D ARFEREER, Vi, A2 IRE
R Tpy Tp 73 BIVE IR G E NS, O IR FERMNEIE; Krp. Krp 73
AR IR IERAE ) R BN FEHES REL Ko R FERKERE, KrAREFEIR
B BHES R HL R P BRI R

24 RBRAREMREEN

SR RIS I AN TR L S DL AR 0 AT R E R AR K
S, T RN E 1 A A S AL ER T 78 2 S R AN 1 B A, BRI IX T T
) BBRRTE 0 A o0 b B o TS L, MRS R IR R I R i A T B I A
QA A P P ZEL o £ A 2EL R, | T P T 0 e 2 B B R 22 0T kg o X T
FER, BREMESR, B BT SERMEE, ET 0 2R B 2= 52 252 m,
EANSEREYIAL S8 N B BAEA, JF H R 29 00 S 55 . DR H AR Tt
RYTR R AL, B LA A AR RS BRI (TLV, 8% PTLV, Bl primary TLV), J{ET&i&M
X 3, LEASCHT T A28, R BRI 4k 2 1) 28 J5 e, it H S VE L S, 72 R X 3,
FHOK SR IEAE R, G—FRZ AR, RAE R BRI AR 2 RSB s BT (AR
PIAFAE, IRAT RS B e 1 B AT T (] B m e R, AT P ot P A XS T A i v 7
59, BRIHAEAR N SRR, Bl secondary TLV(STLV); 1 H - HE 36 4 J@ Hi Sk i
ARG RR N BOR . FRILZ AL, B TR, IAAEH T8 S EE K A
By B MATAE I S8 4ME iR . EATEIBIE R BIAWT R, JHEREE = 2R3l
BUHIL, =B A I R BRI A 0 B AL . R A 3RS — R AN BN R
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HAT, EPNAMRZ AT TN R QBT 8828 R i sh 7122 AR SR 7T, (HX) &

B ERAREEN I Fe b . BE R RS E M E 3 A R RE |

PR 71 LA R 7 S5 KT (AR IT o AN SORs I A AN 70 e K IR e 2 R AN R

SEMERGLH T T IR E IR AR R, FRICTE S I TOUA] ORI A 25 2515 45 T LT A B 5
B ARE TR RS L

B 2-1 E779A $Fae R 69588 T A2t (W A2 2 i) L2
Fig.2-1 Short-wave instability (elliptic instability) of E779A propeller [2]

B 2-2 #2404 0.45 B INSEAN E779A $R% R R A9 Kl A8 2 b AL %102
Fig.2-2 Long-wave instability of INSEAN E779A propeller Wake when J = 0.45 2]

B 2-3 #tif A4 0.5 B R 5B BRAe R A9 = de vt KR M 09 B BAe Z R BRI £ 22
Fig.2-3 Merging and secondary merging phenomenon of three-dimensional tip vortex structure of
open water propeller with advance coefficient 0.52%

WER e I 1Y) R AL ANARRE MEAT = R o, BV AN RRE I AR e PEAT LK
RAEH — =LA Widnall SR T A BT/ 44 - AT JCRG G AR e v 0 B
W FC 1 AN T 22 AR N T S RIS AR RE P, SR IIIISL R i 225 = Fh A
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o PN R e VAT
EMERRE R BB KA TR Horh, J AR e YE s = A e Az N, K
5z PR IR W TRIEARE M, e imied i, #KIm KT
OPAR, UMM 2 A BRI, r A B, WRBERI RN . L b, FURE
1 A I AN E 1 i 7 AR ) R e 2 B A ) — AT R R RS o 0 T =
AFEMEILG, I SCERP A Se ], LB R &, A AR e 1 LA 2-1
B, KEAFGE I G WL 2-2 B, B IR IR LA 2-3 Flo.

2 HATHIBE T b, o AN e iR iR e 2 R ) R AR R N, 2R e 2 R AN R E 1
SR E A, WAL UL, ZAIT R AR B IR R AR E T KA e
AV JRX =Rt 2 o — M T S 2, B U 2 e LR R B0, e — A 32
VER o BEORIRAR B J7 V2 RT LSOt 3 BRI 25 AL AT T RRAK, , (ELAG Iy 38 e 2 JB8 3 4D
Sk TR, MUFEEIR R RIG R dhah, A TIR TR e R A 5 2 AL,
NEER P B, RAEE A RE), B NS5 R i i 80 7 T 232 15 % T
(Power spectral density, PSD) Zr#T 07715, XTHE e R AR & gk T i 7t

PSD 73 #7 I iR BE AR A 38 PR 3R A B A 38 o SR M e 2 2 7 1 v Ak
(Felli 25 A\, Di Mascio £ AP, ZEARZE NP2, X Kimish it (Turbulence
Kinetic Energy, Tkg) IR IEHERFT. Iniits)REHI (S 578 PSD (K F2 F1iH
AR T R EE AR Re = HEOE AL, RN IS BeAE N IR ik 45 R B S AL
PP REE . AR B Muscari 25 ANP3F1 Di Mascio 25 NP SCRRA A, 5 fif, IAE
BRUEA R NEAE L, fop s B A0, fEIRRIA), Rl 2 A5 HUAd 1 E
(R H IR B 17 AH 418 S i AT BO o B a6 e A B IR B i B3 G, X &5
FHAEA S G B2 1) R AR E AR S 40 B b 2 I 21

2.5 REING

AT A SO T R B e B S A O E OB T 4. 1 e A
TUFERARS /1R E X B 5IN T CFD iR ISR, e ERiE
FHRRARZ R TR TR (N-S) iR . FLR, AR T ASSCEE D R
PR A SST k-o it A AL A0 IDDES Jidfifbi . fHk, N4 7 E RIS E
5E S5 RS AR SR Bl T AN HE T7 + e REAN R0 S8 A e 3R 4T JE IR R AL B PR AH 5%
WE AT TR . %, WPERRRAREEHIEANA, Y 1A
SENE L KPBAFEE VEA HLIEGOX = R ARREVE, FFA4R T im it sh Be T & B oA T ik,
WL AT AR SCA A, 43t 1 s RE T 0 A R S S I R R
AR EVER EIR R
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B=EF SERBUKMERERIEFRRTFERR

3.1 JLAIRB R H s

ARSI A TAET, R LABER N 19A B KA4-70 1202k . 1F
R KB SEER = AL 2R, KA RIS ER D) Z R ACRH KA &
SR LN 0.7 1Y 4 R igied, iRt P/D 1, SRECGEIRERIR e . 1
Negrato P25 H [ SE5G, EAE D BN 218.87mm, 3 0.6R 5 T Ak H 1) 1 5% 4 42 B
TR A TR

Loer = 1.969 j—zD (3-1)

Hrp, Z R, Ap/dp M AL, D R ER. BTN ARX, #
Hulg SR T 4 RUE A, RAT SR R T R = AR B

X = R; cos[(X, cosp — Y, sin @) /R;] (3-2)
Y = R; sin[(X, cos @ — Y, sin@)/R;] (3-3)
Z=X,sinp+Y,cosg (3-4)

R AT, Xo Y. ZREMEIRE, Xov Yo 2RSS 484805, o /2IR
FEA, Ri2&AMHIMM LRk, SEOBERRENE, EHERY, RAFHR 19A
WA, SRRl A e — A, [R5 NEEAT SRR, S8 RKERCOY
La=D/2 . Z75 3CHRPIA B BUE, 58 PR TUNTRR i@ 2R i T 22 18] 9 TRI BB 1.01 mm,
-T2 ] PR AN i 2 AR (W LU AR ¢/D=0.46%. Ib4h, ZH I A% E, E4UE
DL SR A, SR - R e 28 A A 2 B A o R 388l 80 7 2 B LR 2 A R Vel ) R
TR e ) B AR S H R 3-1:

& 3-1 FERBRRRSBOREXR
Tab.3-1 Duct and propeller parameter setting table

Wi AR TR Ka4-70
T 19A
3 4 4
JERES D 0.21887m
0.7R Ak IR bt Po.7/D 1
Bieth Duus/D 0.204
FEKE Lauct 0.5D
I T [ Bt t 1.0lmm
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Wi CATIA BAFEIIRHERAN T E R UARA, 13RI 1 32, HLA
B LIRS 3-1. SERRPHRIBE% 1R WA 3-2.

B 31§ RIUTEA
Fig.3-1 Geometric model of duct propeller

& 3-2 KA4-70 19A & RaX 30 3K H ATAL I P4
Fig.3-2 Front view of KA4-70 19A propeller test equipment 4

3.2 HEIEIRE

FEE R MUK PE RERAIE RS 7, ASRAIEBUE THRE I AR HERR AT 52, BEAT 1R
TR B OK R U 5. Horp, Bl n B N EEAE 15rps. T8 X088 N H AR
RANVGOESE, RGeS R Vi, HE— DR R T KA. R REOE N
MO0 IR, 2] 0.8 455, [AIfy 0.1 SEAkE, It 8 L R4, KR35 Ahr R
(Moving reference frame method, MRF) J77EM SST k- Jiiii 2, #47 8 A F#IE T
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S BB AR o K RSB P /K 1 A 5 SR ARG 4 b e, AT 4 11 L 7
BAR R AR . S5 R0 I U B Y, FERUE D I IIE R, SR e 2 bk
HEk R i R e B 1 R A B L IR R . SR AN BN K, B EE A
HHERTHD,  AATTTIZ BI RN S50 25 AR (1) ) LA B0 58 4 — 3

AFFA R E N 3-3. Fi#f g E AN, HGU-FIEERNEHO, K
RVUAN T A BB BRI, DU R T 0 PR KR B, Tk H T3 AR AT =ik
ek, PR AE BB e 3 BT v B A T e 2 X 3k, SR e B 0 T e A% A AR R IWIE 3, B8
K RBM 75 SR T 1% X S i 18 BIRAS , AN I B R e 28 ) e e o e e i 8
AT REZE WA 3-3(b)-

THE XSO /S TER, WS8R R R (x BiIET7 RD T EGA KA 9.14D MIETT %,
KRS NP RIEES €N 4.57D, 5K OHME RS €8 11.42D, Hap Rk
B E B B AN AR R AR B L] 3-3:

B 3-3 FF RBRMBAARERARFAH LR

Fig.3-3 Numerical setting and boundary condition type of ducter propeller simulation

3.3 SERHUKIMEREMRR

3.3.1 SERMBWESIE S

WX ¥ K1) 40 K F e M 3k 4 Simeenter STAR-CCM+T1 H ShAL RIS, WXk 2 RS 15 SR BUAS +:
JEWIRE, FERRTRIEI Fr . IR K R E LG B R R, DA IR B E SR E)
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WA & e FE AR AN TSP BRI B, DA DR AE A E s A8 AR ) T B 25
BB

SR MR 57 81 2 4 () FLAL AR A2 M1-MS, FEARIR] 0026 1R R AT BUE AL, PSS
UEBAD TR AT AT V. A AR AL SR =, AN [ 25 R 1) S 2 Py O A A28 I,
Kl 3-4. FT MRF J7iAM SST k-o BAEATHIHITE, 152] J = 0.1-0.8 N AR e
i SEME S R

& 32 BRI RS RILE
Tab.3-2 Parameter Settings for five different grids

I H (L) M1 M2 M3 M4 M5
FA A% T (mm) 80 40 20 10 10
/N A RS (mm) 5 2.5 1.25 0.625 0.3125
H 5 P& T (mm) 10 5 2.5 1.25 1.25
SR B (E ) 0.3 0.7 2.4 7.7 10.2

B 3-4 ZIARRHEAL R AR R & AL A
Fig.3-4 Five groups of propeller surface grid distribution with different degree of density

T MR RS BB A AOAT IS AN TR T IO R e 2 FA) e e B0 P T [ o5t DX 3 30 PR A
UM Z IHRE I . &L, O T I A SRR R A T O R
SR HER T A SN G AT TRIR] RS AL RSN, FERI 7y AR I, S0 S R 2R R T2k
PRI L R TR B DX AR F T fe R = 4R Do AR BEAT 404G, DA DR SRAEAS
AERA A 1) . 192 BT SRR A 3-5 s Hodr, 1 3-5(a) A v S ) o A I
PIRS AL, B 3-5(b) 8 8 SRR IUINE AL, B 3-5(c) A8 2R M- T [a] BRI it
A A AT X A% AL
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B 3-5 +F H AR A AR B 3F AL IR B
Fig.3-5 Calculate model global and local grid Settings
I BAE ARG 2] 1A 5 AR AR HCE BB R S R AR g, RS

IRfEPY (Negrato, 2015) M HAEAE I FE R AEE n FATXILG, TR 7 e E R
Bttt ze, WK 3-6. tHEAHE LA B BN, i RGBSR EEON R,
T ELERE WA E 3G KB 0 e SR IR o 3 3R W AR ST BT 5 5 TR o A A AR
o A B I B TR A A

B 3-6 KIeHAE R R AT AF ALK E
Fig.3-6 Comparison of experimental and simulated efficiency values at different advance coefficients

R, A 19A SE R Kad-70 S P W s RCR R R E08 0.6, T2, 72k
AR T J=0.6 TSPk ERE R B BEE R, WK 3-7.
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B 3-7 BOKMREEMER AL ERIRMEIR LT HLL
Fig.3-7 The results of open water performance simulation and error percentage with the experimental

values
ZEIRRY], MUK EBE RIS R B A% B A 1Y IR Se g, JF
HAF AR AI R R 22 TR, IX RIS R IB AT SR, XL 1A SCHIEUE s
ISR A T R R BAE O R AT . R 3-7 TR, R ZE R A TR R
AT SRE R % . e, EATEMRT 5%. Bk, 2365 Rt SR B AT 55t
B L IEFEMAR MAAF 90 RS AR, BEAT MUK PR RERLILL, I 5 (E BEAT LR

3.3.2 BEREK M EIRIE

N T 5AE IDDES BAARYAIBE A vH SRR PE, RS2 Mt R RBM J7iEAT
IDDES # R AT BUE AL, 2 58 3R B K %k BE i 2 05 SR o i SESe B AN A6 R
BEATRIEE, WK 3-8 Horh, REAMEFIRELIEPY, 40308 RANS-BEM EEfLl 45 10,

3-8 RMIEET AR AT B 00 DU A B BO T . e, ASCRITHSEE RS, Kp HC
R AR AU S AL e, X R B A AT AU BE S SE v R R B I . B
B, AR SL AT LA A B g R (R HERE S L R %0 (B J=0.60 "N INAER o
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B 3-8 HOK PR AR 3 RI0IE

Fig.3-8 Open water performance simulation results verification

3.4 BT A Eimf R B R HEBRR I 5 4

FE5— J IR BRI AT N AR rf, S8 ALK 2 R ] RANS difit i 2, (H RANS
PR P PRI B AN TE 73, U RAE S BRI BERA T, X2 ERE R
R il 2 a5, JCHR R, X DABEAT AR 40 vHE B 4 402 o

BRIk, D8 TR B R R R i R AR A, AR IDDES AR 3
EAGAT TSRV, IR AR S RANS BRI 0) B R AT XL, i 2
KR A TRA] B A B 407, T Ja ST 7C i i i 2 R SR I 3R AR A o e Ah,
P T3 ) 5 Ak ) S0 MR 2R F) SRR I AT A HL S 28 (RS20 DR LA 5 P P R A [R] 14 i
TR, IR NI IZ SR AT IR A RSO S S SE ok 20 F s R D0 P T ) B Ak )
THERL XS, DASE S b A S A B 454

X T A A SR R AL A5 RIS LE, AR SST k- HALAT IDDES #AL Ny
B, 3 ol R RO T =024 0.4, 0.6 B BRASEUE T BRI I o =N E %
PR b 1, LT 3-9 AR 3-10. Jidzd B I o, SR At 1 38 B i P 3k 4T
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BN, Bl V=vo/U, HA v ¥R, URGFFM TRINREL.
EIff 2 il 4% O = 5000 s2 JF DLJG & 408 AT TR G
Q RN AR IRRINEM YR, HeREN:

1 [rouw\2 v\ 2 w2 odu v odu ow v ow
Q-—z[(a) +(5) +(5) ren a2t ean g (3-5)

Heb, u ve wKRA T EEZAE x yy z TR ERBEL &

B 3-9 AAfHARBEEMT AR R R0 RD R A
Fig.3-9 Flow field velocity diagrams with different inlet coefficients under two turbulence models
WUVEH, HEE RS S BN, BER, THERYER WA, S8R
NMARTE I K IE, FAERENHER AR . BEEYEN F A, malEmss, i
Syrb R AR LS G T RE . T RN S ECR I EE CRIE, 1 e RhE R AL
& BECRIERUN, 0 RN DY e, RS U AN R EE AR T iR e R
SERE AR BRSO, BRI, FEAREEE 0T R0 B 4 3 S i A R e
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B 3-10 AAPE AR IT R E R R 55 RERAER
Fig.3-10 The wake vorticity diagram of duct propeller with different advance coefficients under two

turbulence models

JLB 3-10, FEANR]EE AR MU 38 B BME AR, 38 (10 PN SR T EE A R AR A T
IR, IR SRR A AT B AR LA T R o XU 38 A AE T DAHI 33 2R
mIRER, A R R RIZhEE, 1R EIRIER AR . BLAh, £ BRI A
TR BRI, 27— AR S, BRI, B THE] B9 (Tip Leakage
Vortex, TLV) o % Eb45 RiE 2 £ 0, IDDES B EL SST k-co A5 75 B 50 20 b 4 $2 3] 364
SER AN Eh AR, A AL R R

Ve y Dy FAF VA SR, SRBCERTT A R, Rt I U] AL A T R R
R, WK 3-11. WEFa UG REME 2, AN FRREE R B 38 R BE R, H
T B] BRAL A AE — AT s, B TLV. FliE B R BE K, AR o A 2R 7 B 1] Ja 39
2, X5t S TR, DOt R B A AT AN A A, T B
HT46 T H A S A B0 ) 3 AR B DA OG o THERLSE RG], M EE T RANS B4, IDDES
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R TR Sl 12 ) B v PRI B 2 ORI 45 1, X R R A IDDES MY R AT 8 RN AT DL B
Gy M AL AU T PR ST A TR

N T NS LR A o R R AR B i 45 4, B SR i) O BRME S (e, B
Q=10 s LU#ZR I T A B AL M i RS BRI 2 40, IR [FIRE LIS RIS v /U AT IE G,
JLBE 3-12. T LAE 2E MR 21, 78 3 KA DY ARt i AR A — Mg e it , B TLV
W& BEE R T BIBEIN, TLV fEMRIE AL BRI R s 2 E%, IF HHMTE A
WEE B R E T BN, 3K 2 SRS T AN [R] i T 8] 5 R 52 g 2t 25 R AR
g2

B 3-11 AAi RAR AL A Bl 21 R 4089 58 Kot TR [k % B
Fig.3-11 Flow field diagram of tip clearance of duct propeller under two turbulence models with different

advance coefficients
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B 3-12 AP AR R IT B 2R R H00 5 RA IR A A
Fig.3-12 Tip clearance leakage vortex diagram of duct propeller with different advance coefficients
simulated by two turbulence models

EE—DHh, K 3-12 WTLUE H, fE IDDES BB RIAADLESE S, A B ) A e X
K, XERWE SST ko HEAHHLL, IDDES AL G868 5 47 #5852 iR B 45
1

Pk, ZRG5 RS RITHE RIS L, (£ R St BRI MRF U5
5 SST k-oo AU 38 2248 2 A b R AT MUK PEREREATARALL . HE— 2D, fEHFE
BHERECN, KH IDDES #ERUFIBEZ 1) RBM J5 725 S8 AT, R A S f At
AEE BT JE Se i FEA B e Itk TS P& I R R RIS R E 1 S LR

3.5 KBS

BT T AR A KA4-70 19A 58 2R 1 BB A5 105048 AR EE SR E
HiE I LB SST k-0 FEALUHT IDDES AL SAH i R 1k S i AR A5 R, AT
TR R I B e T LR R R N 59k, SR AR R 2 2O —4E R
RHEAT = YRR, SRJRAE CATIA BAFPib T @, R, 25 1 38 AR e i % I
SHOE, ATA BT ER R RS . B 5 45 1 BB T SR o AU 15

%33 0



=

ooo209s5

A N U e AT

BEIEOL, KA MRF J7EAT SST k- iR, 64T 8 ALAN R ETE T 1) 38 2R BB AL,
I ELA BB AL 1 HOK P RE LS SR ARG 2B AT LU, THE RN R 1 AN R R B A
LR BEAT 1 AR SR 0 T, S80I B35 T A/ P FE B 2 X A% sz IS Sl ik e
BJRIEFE 770 JT AR TSR T M4 AEON TSRS . fifiJe, SR IDDES Jmifiiis 7
AMPEES K RBM Tk, T ARSI UL IR 3RS (0 THEL IS, X 38 Rt AT 1 BEAR
5 s o tRARIE, SRS RAE IR Z R VFE BN, IF HASCRARII A+, Krp EESCRRA 1Y
FEAE B B IR, IR WA SCIEAT AU e SE TR R Je 2 10 705 AN, AR
A7 L 45 RAE B e RO AL B R4 (B J=0.6) "N EEINHERf, XKW 1 iHE 7%
PR R R HERR IR AT T SEE . 2%, O 1O B A PR R s Rt A AR X 38 R T SRR,
73 5 K AN [R] B g i A 28, B SST k-0 #284FN IDDES #E4Y, B = 2H AR EE T,
X8 B AT WS HUE AT, O 3 K P e i A TR 1 3 2R U B 45 R ) - T [ i Ak A
Bt . R ENG OLEET T XL, 45REH, 5 SSThk-o HALMLL, IDDES AL fE
i SO G MU IE S 8 SR MU RS BRIA 8, RIS, AT DA 20 B 1 Pl 5 22 Oheima 4 4, IX 3R
ISR H] IDDES A5 Y53t AT 58 S0 T LA SE i i ASE U0 [ Py (38 B2, ik 4b, KA IDDES
R AT RIEE AL, X R AL I 40 9t SE 4 iR
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SBUE FEXRIER KRR BRI R M

4.1 JURE R HET

AT MW, RAK LR 19A 38 1) KA4-70 12E2k, BIRH
KA RFEI DY 0.7 (1) 4 IFIRHER, 4580 LE P/D O 1, RIEFIR TR e Aty 7,
M-8 G ERTNE, KA 19A BAL, SeifeR s iele — M, B52SE. Nkt
T3 UL, FEMKERCN Li=D/2. FEFIEHERL M TR IECN 1.01 mm,
I T [R) BR AR e 22 B IR LUAE #/D=0.46% . T B IR BAA S BRI 3-1 —

i CATIA B EAT R e 2R AN 358 i =4k J L A, 19 2 MUK IR e (A 8D
MBS, N TR BRI, k8 AT S B IR R 1 TEBR K 5O
IEHR R H LR DL 4-1.

B 4-1 R SFEBAERFFEF R TR

Fig.4-1 Geometric model of open water propeller and ducted propeller

4.2 Mgkl sy SHERE

WR TSR B B 1 5rps, G SR HE IR0, SRIZH] S8 R R4 A3
W AN S JR ) T SR B B B 0 9] I 1B 4-2 A 43 Ze i ik D BEE I NRIX
ALV HCE N A, R DA 4 A B E AR, DA LR T JEBR KR A%
LB W TR IR A AT O s, TR A 3R B B0 B I AT R e e X3, .
MR HINIRZZZ (RBM J57%) BOMIR Tz X R a slpRas, TSGR e 2% 1) Jie
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B, WL B I I LA R S HOEAN I 4-2(b) (A FE I 2 A 4-3(b) (7
B

B 42 Rig 8B Rt AR AN FEHLER

Fig.4-2 Calculation domain and boundary condition setting diagram of open water propeller

B 43 78 R HBRAL T FHHRER
Fig.4-3 Calculation domain and boundary condition setting diagram of ducted propeller

W k&Sl 23K L 34 Simeenter STAR-CCMAH E SMAL RS , 4% 2870 1) 5% FH s A
2R, TERETEIET Fr o MRS e T N AN G BN FZ PR, DASKEE A
WA FESLRBPIRES . desh, N T AR AT S R ek B Jimiiish . &
WE e 2 () T P A I T ) R SEr (R)3E 3 BA A AT T R AR A AR O, ZE R 53 A I
$f FIRXKIEAT AN, 15 2R EAT E AT R A, LK 4-4 FE 4-5. o, K440
ANy FE RN FE P P FI AL B, B 4-5 508 R E R E R E L (4-5-a)
AR T ] B Ab (4-5-b) AT H 05 T Dox A R 1 o
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(a) MUK 3R R R MA% 31 5

-

(b) SERRRMEL S

B 4-4 T 38 FRAFE REFAF & F A
Fig.4-4 Longitudinal profile grid for wake of open water and ducter propeller

(2) SEXSEHHEMNER |

(b) G983 T3 8] BRI A
B 4-5 58 R A5 F A Aot TR A R 4 69 F 4%
Fig.4-5 The grid at the gap between the duct and tip of the propeller
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4.3 BEXK M RES O 5T

LN MRF 7750 SST k- Vit iR, SPAREREE KRBT, AT S e
FERBHOKEREIAT T EUE O HAT R, Hod, 3 RECEECN 0.1-0.8 3t 8 2k &
£, (ARG N SEIAIRG 0.1 HHUKPEREXS L ILE] 4-6, Hrr, 4-6-(a) et RZ%L; 4-6-(b)
NGERFEWESRZEL 4-6-()NFEERE: 4-6-(d)NRE.

B 4-6 A K58 Bk KA HOR M AE T L
Fig.4-6 Comparison diagram of open water performance of propeller with or without duct
THEAIRRY], X TAN SRR, £SERIMEND R8T, FUMEI T K
I, XRERE FERMEOTIMES . GEHE 4-6-HKKE, FEREMEREZ THT
P RAVRARHERE /), Dl 1 BRI HEE R % (J<<0.6) AR, WA
4-6-(d). ZRMIXS TR HIBEE R T 0L, BRR K 4-6-(0) M, S8 LHIHES R Kp A2
7%, ERAEREEEZYTU>0.00, S8 EM~EEARRTE, Wtry. Ktk
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Fig.4-7 Axial velocity distribution in longitudinal section of open water and ducted propeller
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Fig.4-13 PSD analysis diagram of measuring points of open water and ducted propeller under J = 0.4
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Tab.4-5 Parameter table of different tip clearance ducted propellers

Modified model Tip clearance/mm Modified percentage/% GSR
I 0.5 -50.5 0.23

I 1.0 -0.5 0.46

I 1.5 +49.5 0.69

v 2.0 +99.5 0.92
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Fig.5-1 Schematic diagram of tip clearance and wake structure of ducted propeller
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Fig.5-5 Mesh side view of the duct propellers with different tip clearances
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Fig.5-7 Calculation results and comparison of OWC of ducted propellers with different GSR
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Fig.5-8 Wake vorticity diagram of ducted propellers with different GSR
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Fig.5-9 Pressure distribution and comparison after tip clearance of ducted propellers with different
GSR
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Fig.5-10 Pressure distribution and comparison of inner wall in duct of ducted propellers with
different GSR
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Fig.5-11 Comparison of wake flow velocity distribution of ducted propellers with different GSR
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Fig.5-12 Comparison of pressure distribution in wake field of ducted propellers with different GSR
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Fig.5-13 Comparison of wake field dimensionless velocity of ducted propellers with different GSR
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Fig.5-15 Wake vortex structure evolution diagram of of ducted propellers with different GSR
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Fig.5-16 Wake measuring point layout of ducted propellers with different GSR
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Fig.5-17 Pressure-time curve of wake measuring point of ducted propellers with different GSR
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Fig.5-18 Pressure distribution in frequency domain of wake measuring point of ducted propellers
with different GSR
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Fig.5-19 Circumferential velocity-time curve of wake measuring point of ducted propellers with
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Fig.5-20 Frequency domain distribution of circumferential velocity of wake measuring point of
ducted propellers with different GSR
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Fig.5-21 PSD analysis of wake measuring points of ducted propellers with different GSR
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Fig.5-22 Enlarged PSD analysis of wake measuring points of ducted propellers with different GSR
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Fig.6-1 Geometric model and parameter diagram of bionic tubercle leading-edge
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Fig.6-2 3D blade models of original ducted propeller and bionic ducted propeller
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Fig.6-3 3D models of original ducted propeller and bionic ducted propeller
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Fig.6-4 Computing domain settings
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Fig.6-5 Mesh of original and bionic ducted propeller blade
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Fig.6-10 Time domain comparison chart of resultant force of three propeller blades
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Fig.6-11 Comparison of the resultant force of three types of blades in frequency domain
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Fig.6-12 Comparison chart of dimensionless velocity of wake field
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Fig.6-14 Evolution of wake vortex within one revolution of the original propeller (Q=5000s2)
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Fig.6-15 Evolution of wake vortex within one revolution of the bionic propeller I (Q=5000s72)
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Fig.6-16 Evolution of wake vortex within one revolution of the bionic propeller II (Q=5000s2)
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