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NUMERICAL INVESTIGATION OF OPENWATER
PERFORMANCE OF HYBRID CRP PODDED
PROPULSOR

ABSTRACT

Nowadays, all types of ships all over the world, expecially container
ships, are developped to become not only larger and larger but also faster
and faster, conventional single screw propeller is faced with many
unavoidable problems, such as lower propulsion efficiency, severer
cavitation and noise performance, meanwhile, a large amount of exhaust gas
is discharged into the air leading to serious pollution problem. Under this
background, hybrid CRP poded propulsor becomes a more promising new
propulsion way, because it inherits advantages both from contra-rotating
propellers and poded propulsor, such as better propulsion and
maneauveribility performance, effective energy saving performance, lower
level of greenhouse gas emission. In practical application, unsteady forces
and energy saving performance of this hybrid propulsor catch much more
attention, therefore it is very crucial to accurately predict the influence of
different design parameters on the hydrodynamic performance of the hybrid
propulsor.

With the continuous improvement of algorithms and computer
computing power, advantages of CFD (Computational Fluid Dynamics)
become more and more evident. CFD can help us not only obtain accurate
prediction of ship resistance performance, maneuverability and seakeeping
performance, but also investigate physical mechanisem. A single phase
solver, pimpleDyMFoam from OpenFOAM is used to solve RANS
equations and SST k-o turbulence model, where coupling of pressure and
velocity is solved by algorithm named PIMPLE who is a hybrid version of
SIMPLE and PISO, PIMPLE algorithm can keep computing stability even
with a relatively larger timestep.
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In this thesis, a standard propeller model from ITTC, named
DTMBA4119, is firstly buit by CATIA based on propeller projection theory,
then its hydrodynamics at different advance coefficients are computed and
compared with experimental data to exam confidence of propeller modeling
method and computational method used in this thesis. Secondly
hydrodynamics of contra-rotating propellers are computed and validated,
furthermore, affects of blade ratio, clearance between front and rear
propellers and revolution ratio on hydrodynamic performance of CRPs are
investigated in depth. Based on computing results, several conclusions can
be drawn as follows. Firstly, CRPs whose blade number ratio is 4:5 is proved
to be more stable than CRPs whose blade number ratio is 4:4. Secondly, best
energy saving performance CRPs can be achieved by CRPs when its
revolution ratio is around 1. Thirdly, clearance between front and rear
propellers has obvious influence on the amplitude of unsteady forces, but
have little affect on energy saving performance. Based on comparison of
tangential velocity distribution in slipstream between CRPs and single
propeller, it has been proved that rotational energy can be recovered
drastically. Finally, model of hybrid CRP podded propulsor is built by
adding a streamlined pod to CRPs. The interactions between front propeller
and rear poded unit, affect of clearance and revolution ratio are investigated
in detail. Based on computing data, the following conclusions can be drawn.
Firstly, the rear podded propulsor has little influence on front propeller,
however, the front will couse larger fluctuating amplitude of the rear
propeller and reduce propulsion efficiency of the rear poded propeller.
Secondly, in a certain length range, clearance is proved to have little
influence on fluctuating amplitude and energy saving performance of hybrid
propulsor. Thirdly, in a certain revolution ratio range, it can be found that
revolution ratio has little influence on fluctuating amplitude and propulsion
efficiency, it maybe because revolution ratios studied in this thesis are too
close to one. From view of recoving rotational energy in slipstream, CRPs
will obtain best energy saving performance when revolution ratio is around
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1. In the last, pressure distribution on the pod surface is investigated, it can
be found that higher pressure is centered on incident flow surface of struct,
then large drag force may be induced, therefore, pod shape in this region
should be optimized to reduce blockage effect of struct.

KEY WORDS: Hybrid CRP podded propulsor, contra-rotating propellers,
DTMB4119, OpenFOAM, unsteady force, energy saving
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Fig. 1-1 Contra-ratating propellers Fig. 1- 2 Contra-rotating turbine
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Fig. 1-3 Model of podded propulsor Fig. 1- 4 Contra-rotating podded propulsor
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Fig. 1-5 Cruise ship propelled by podded propulsor Fig. 1-6 DP3 position system
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Fig. 1-7 Arrangement of hybrid CRP podded propulsor
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Fig. 1-8 Model test of hybrid CRP podded propulsor
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BMRATRET 199%. M 1968 FEFFHE, I 50 FREEMMHIBEEREE /1 CEm
T 12 f%, HEF 22000TEU #6871 KRB C R T R R
FEARRIX R R R4L ., Pudih R BB SRR AR R T RN ER . HTE
PLIhER, Bk AA. BHE. BRHPENMARS)E S HERGIL), £S04



LR R AR S

IR KRR 2B 2] T KR, XFHE# T NE LA R8W 2 445 M
HIR RS . FR, HRAEENRAEREEARNERE, FFHARRES, 85
B R E g, [E prigH 4 (International Maritime Organization, IMO) i
FAREHRE: 2009 £ EHFAAAHZ AT RSE) CO2 HifE N 9.65 12, itz
2030 FELBRIFHE 153 2. IMO Al e Hoab|seifi T “EEDI” B ARAHRERK
WITRECRIPM A AR I BERE L. Attach 2% AT IMO BIEJEH “EEDI” %t
AR LNG MEBHRIRen, faHEPRARE, FFRH T BOEE .

[vsprEv] :
- TEU | e [ 32 200 TEU x
G r T 09 TEU x
an = 1 =
w0
e 11 | |
@ *‘a Evaluation Basis
: - - Ship Speed : 25 kts B
- l art — ﬁf - Duratioa : One(l) year
J e | | |
m [ o = == 2 100
0 o 0 20 M 4 5 moom W W
6,200 F ‘N.I)I'.I
RP(‘ ]
Container Capacity (TEUy cacepl) COST / TEU (%)

B 1-11 A2 KA R R 40408 8 sk A2 pL
Fig. 1-11 Operating cost comparision of ULCV!!]

HET, ERIEMAREBERRRT, FEKEEE KR “GEHA", RN
—BeE. BJLHERRR, AR T &R R B AT 88 R4
IRBER A ROR . MARTRERE R R A=K, B FORKATRERED , b
A B AR AME Y MR E R R A ED , XFFT R B R A A0Y Rk
R AT TR L, ML SR BE SR RO HETSE I35 57 » 32 e SR 3R M HERE R,
Fi4b, BB TR SR R XHR RS SR A Ve A, DA R 7 1) e AR e 2
REEE XS M e AT IHL, BAMRRKERZTHRRVIMERE S, iR
BRBUN: BIARETRERE, UG hBEE, BXERENT hE, B
F B R /KRHLIIPE R, BT BAA R ml g e sk R s - O VI R BE, 74
BEhnHETTs SM=RONReRIRILE R, OiERIRGE" MRiekmi , BiEeE
TEIE L, B AR BIR R R, R 2 TRk A, B
WREHIRA R, FERRRR T UER. TR ERESERAE, 6T
SHAMEEATEOE A2 POR R RAN A, EHATRICRAR. RS T 2R
X | JBE I CRP Mg MByKAESEAR" o R lEE E %
KR BE R WCRT SR AR R B (1B R, ERAS LA AT LA T B RUR . 340, BT RTE %
FLFERMEFRES, FBERITZBA AN BB, KRR, BFERR,
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B FR R AR

THRGRFE R, BRXEAUREEIHENRE, EREMARMBESR, &
RS AR TIARBR T Z N W B MR RE, MR B
PLahtE. M. BURHIIRBIR S . B> FHR S SAAHREEI BB SEM 1
FUESE, R AR SR SRR — R O — MR KRB e 7 X,
i, S CRP MARHEESRNIB A . XHEESRGR S T XA mARHEE SR AL
Ho A 360° [EIFEH MRS R TIKER WS, MUKKRD T HEAHRENE
#6, MR THMAHKIPLEITE. REGZIR S HEES RN H 7 Z RN E,
AR KR EH#EH RGN TURE, HREE R Zaet, B/MEIHIT B,
AR IR S HEE AR SN D, BRI RIKS) AR T R S A

B JE R TR R T RIRS MRS, RS HEREAS KT RERCR R
EMAREERAYE, FitE DEER G LN Z e ERNT
AE A R ROR MR R T R FH BUIR . BB RIE A TSGR EA LT SRR S
FIAWT &, CFD (Computational Fluid Dynamics) FIARKMMH AL, EANN
A ARG W IR A AR O PE g PR . BRAPERENTIR PR, B 7T BAvh S LR BRE 4
WIS, WEIBRIIITRYEMERT . B, 1EASINEEARK—F, EEW
MAIRIEW B Galerkin SEUIEREITH). IS BALH, MABERTHERER
AR, PRGN TR AL BUE AR . A 3CIZH] OpenFOAM [ H. i)
PSR A28 pimpleDyMFoam R f# RANS J7FERI SST k-oo I AR R, For F /738 ¥
HIfERR 2 PIMPLE 3%, SEERIEW], ERABREHIHERE M.
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B FR R AR

EoE BEWNSE

THELRAR TS R WA S 2T EAL R R, BB AR 5 i 3 K
WA G R IRAREL, BRHEE R T IR R, BT Ok ae s Lok
Bt SRAESFIKBN . K3, MBERAB S NE. HEEEENAB SR 5L
PEBER AW HR R, CFDEIARRIMRHE RN R, BAMU AT DU H 70 A A (¥ BEL /7
PERE. BRAVEREAR B ERE, ERTATHEH BN 4L i,  #EBhRATIT AL
UM, GERXTAE, RAFEEZESNATERAIIERERENR, andH]
JiF2 AR SST k-0 I ALY, ME#M#%¥%, pimpleDyMFoam RFE#5EHN % .

2.1 #EHIGE
B BTAEATT 48, B REESE TR 5B TRIEN:
2, _,
X, (2-1)
a(pu) 8(pUuU,) P o ( U, i
a ox, 5X,-+6Xj ﬂan PUU (2-2)

Hep: p AR, U, . U;RBKEPPERGS j=1. 2 3), PAKTI, uh

IR R, —pUu U, NEERLAIR. R 2-2 FHN RANS FHE.

EXFHREFENATEAR BN RGE, BRAENANFE, AT HE RS
il 77 R4 3 A1, A CR A B Menter $& Hi ) SST k- Jiig St A5 284 OV SRAR UL 85 9 R 1 T30
SST k-o AR AL H AT ST iR AR R 2 —, B4 Z A T REM S5
HELREEFIKSN S0 8. ZERGE YN T s A RS 7 SST k-o it 5 A
PR k-e AL R . T IZARBIZEUT BE T R A k-o AR A, BT DL T LA
VEIR R UGS . 7R3 E B SST k-o T PR A & A48 8 ke T AR AY,
T HEE T k-oo SRS 06 N 1 K /N B ABURR ) 1] 781 TR SST koo ¥ AR 2
REWS BORS i AR A i RS B 20 B . R EREE ML, SST k-o iRz BA
BRI FIH X IR, 58 p X SR ERIE A4 SR R BRI X3, 272 A 58K B i e 5k B
T k-€ IR R I M A e 73X A ] A o

SST k-o AR S EE W
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@.F—apuik :Pk—ﬂ‘pka)+g (#+akﬂ;)ﬁ (2-3)
at ax,- Xi axl'
Opw Opu; @ 2 , O ow
— =0 - b +ooll,)— |+
o oy PSP Ppo x (u+oom,) . (2-4)
1 ok dw
211- 02— ——
( Fl)pa zwax;‘ Ox;
HPREHEF g ON:
4
F,= tanh << min| max \,.{E ,SOZOV ,46“’2k > (2-5)
ﬂ y yo CDkwy
CDi, =max 2pamzi@5—m,1o“" (2-6)
&)axr ax,-

AR 2-5Fy RE—NMKHRCE BRERELRER. EREEEHXIEK, Fi&
FIAE, SSTk-olmiiiBf#I N ke WMER, MELRAEN, Fi1&HT 1,
SST k-o Ji it B 44 A k-oo T AR AL .

T IR B s A -

a’1k

V= (2-7)

max(ah(z) > S'Fz)

Hrb S 2 MR ARZE W B (invariant mesure), g, NE-MBEEHE, X
A

(2-8)

5146, SST k-oo fi AR 2L A I 77 7 A= B R 1] 4% SR R ] i A0 58 R A B s B
WK, mre BRI A8 e SON:

P min[aU" (aU*' LU J 10- ﬂ*pkw} 29
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AR AR

SST k-o AR T E BT M HE BB RE T a=a, Fi+a. (1-F))
HEAZ., —SEERENT:
B'=0.09, ¢, =5/9, B,=3/40, 5,,=0.85, & ,=0.5,
@:=0.44, ,=0.0828, &,-1, ¢7»,=0.856

SRBPT A, UREMFREERE. TEX. SHEEXE. mERAKE
WHIRAESY, MFTAELTE N BB L MR, (XS FETEE RSN,
I AR B T B B0k, XA R 7500z B BE T (9 28 — AN A% S BT 4
2, Bl y"XT 30 H/MT 300, KRUEADT PR, {EHZ Menter 8 i, IXFEETH
BRBOEIF AR TTREH, BFIABAT 2 TR 2 HIR i, 5500 TR S W ER 3,
RBSRE R R RS 2 E R OB E AR R . X T AR, XA AR R
AR T 10%MiRE, Mxt-FAMNRRSE, REBE/N L, HEAMIHERE
—MEEMERGT H2WRH KRB A, XM A e Am B R H ML e
—HiJ5. FH& Menter $&H T H & RIBETH & $0EH .

Clutet roy Quites g e
e, e
ey« 300 = Wy
i <Oe i <e
i i Ao | — = i) I
B s | e ST | neeh
=== Ve =t e ey

(a) Without wall function (b) With wall function -
B2 BaRAgAE
Fig. 2-1 Arrangement of grid adjacent to wall

[ 38 S BETH] bR BI04 B B AR R - RFEEE T B 28 — 2 RS KR BE, Bl y RO KD,
ST BB FERG R R BCRAR R BE [ R 4 B V1. 1T @ 7 RBTERE TR B AN
SR ZMAA B, FrVERRES A B ENE RIS, EREREM
NERE, o BAW TR

ov . 1w (2-10)
79 Dlog = -
0.075y 0.3x y

BETH ISR — MR S @ FT H y RN

Xy = (st ody)

Wvis =

(2-11)
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AR A 2
DI 38 B ] 5 SR 2

Uy = Q:; gt = IL; Ur = [(u:”)4 + [(u]r“r ﬂm (2-12)
y ~In(y*)+C

K
Horp, BT LSS — AN OIR SR RE, a8« RITH . BIENEE &
BiECLENE| T HETH OpenFOAM .

FANRGHIIA IR B BE £ FIFERIR o KITHEARN:

k:%@ﬂf (2-13)

-1

k
o=, 211 -

b, [RMTE, BRI 0.1%, UNKIGERE, C, NEH 009, u/u
SRR, A 1.

2.2 RBMEE

W WA EA R LR AR Galerkin B3 o BT Galerkin B &
IMEFEIEIRZER L2 Yo%, FrLLE/R AR M B EsriE e, HR Galerkin #
L ILBOE S T AR T I . A SCR AW PR 5%, BRI =881
— iR B AT AR AR, —Ho_uEERO BN, XHEHS A
B8, BERTEER AR DAAE R 7 ) e, FeR BT RO, B A A St
TERR AT, X AMI [H (Arbitrary Mesh Interface), ‘BAFEEHEAMME. AT
WatRah e X Ik 0 8 B %18 515 B A B HER A, IR RARIEIERL A AR A
WA EREE TR, W 2-2 frr. BREAARERETET, LERRMNEEIT,
EEEIG | STAEHIC | BN ES T EHET | SAESRT | WEBERS
MBI | WERAEAE. EME R TR RN L ETAME, BRI
HZMAET | FRTRETERESE. HEEFHEATERE.
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RSB R L2 AL L

B 2-2 AR TER
Fig. 2-2 Diagram of sliding mesh

2.3 pimpleDyMFoam 3RfR2%

pimpleDyMFoam #& OpenFOAM W B A A 48 5 MK 4s, RBMAEL
B 2-3 firm. AT IRERMBHRENE, TEIEPBEZEERN 1. EEEIRRRE
KH K2 PIMPLE 54%. PIMPLE HiELZE 7 SIMPLE HiEH PISO HiEHLA,
fERHEE R, REREhEEE MW, /H SIMPLE 8ok, HitEfae)E, B
HHIEINE RZIEEH R, £F PISO /5 —FHKf#E. Kt pimpleDyMFoam
FEMIXTEEK BN ()25 R RE AR FR T AR, KRR IR,

& 2-3 1 iCor #8524 RT N FEFA U EL, nCor #5 WIEFR X HL, oCor #5 X4 RTSMEFF
R#0, nOCor FRAMEFF KB HHMEIR SIRECH 1 B, PIMPLE B LB PISO
k. WEHEERZ, PIMPLE ZBRARMEE, MEFEN 1, BIAHITHE.
£ PISO WHEA LG, #HT— KB IE (turbCorr).

HIB 2 MIFhEN 5 TEA:
AU+ T AAUN—EY=-VP° (2-15)
Hrp.
o Ve o FS s /]
==+ |+X|Vor 2-16
0 F?’ |Sf‘
==Ly (2-17)
=22y (2-18)

At
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EHEASE R L2 AR S

#9% 3 th HByA HISRIBARA:
HBJ’A=A%(E¥—ZAhUk) (2-19)
IR 4 v B SR Ty RN B R A TER DT RN«
V(HBy4) = V[A% % PI) (2-20)
S| S PHEABIEEE , BIEEREER:
U} = HByd~— VP 1)

ER EAR 0 RREETHEE U, EFF 1| RRETHEE U, U EAREETS
FZERED .

Ttk
'S 4 \
> WkHue, po <
AT EU
:' J
BRAREIE DA Fiequ, |,
KHbyA

J

h 4

-

UP=U2, P=p! e

P& IEE BT HbyA, 15172,
WAEEM A

A

¥

[ turbCorr ]
(B
" v

B 2-3 pimpleDyMFoam K #% % i A2 &
Fig. 2-3 Flowchart of pimpleDyMFoam solver
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F=E BRKPHABETER S

B EARER AN =T, ETIERERER, SRR LEHE
BTV, Fh s —FR A bR AR e, AR BN VRN i/ AR R e 2 = 4 AR
WRE. T RAUEASCRTE A A bR i i A SRR S @ T VAR IERAYE, AU A
IR T IR ARE——DTMB4119, F#H CFD HARBIR 7 HAF i #
RYCT RIS ZRBONHERE, 047 T BB/ ARSI A6 .

3.1 IRER=HBERGE

AAFR AR P i TR e R I B IR B PO BU 21531 SR B 4 3-1 fias . B 56,
BAE OiXa Y Z1 AR R T RIEMH DI BUE S0t ek, %3] OUWV 4R R T,
RIEERBBESIRBE R o xyz AR R T, RYE T 1H R AR RFTE e 4 5 AL bR
RIKRR, LKV FHEAN R TREUE S A=82 R R T REME A
WREFTARHBHOARE, FRRBEHEEBRERAR, HP—FnTR:

X =Z;sinp+ X ,cosp+Lsingp—R tanf (3-1)
Y =R cos[(Z,cos;a—X,singD+L cosgb)/R ] (3-2)
Z =R sin[(Z,;cosp—x,sinp+L cosp)/R | (3-3)

H, R« o~ OONBRRERAFRM-UIE K2, SREEA . WM, LAY
RELFISHLNER, B 00, WER, z, X,/ 52U L8 R7E»R R R
01X 1Y:1Z; FEKIT BT ERRE, X v Zz 0512 YIi B R7ES
JRiAERR 2R OXYZ T I ZBE .

F— M I ERET KA R BB y (o) FHPIHEEREK —¥ y (), W1
3-2 fias, BT Y AR, BIET 0, FTLEHEN 0, XA LR K R AAIRFe
BAX, BEAARHEHIIERBREE, SEBREHRARMT:

Xr=C(s-0.5)sing—(y () +y,(s)cosp +X,, (3-4)
0. =C(s—0.5)cosp/R+(y (s)+y,(s))sing/R+ 6, (3-5)
Y +=Rcos@ (3-6)

(

Z+=Rsing 3-7)
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X+=C(s—-0.5)sinp—(y (s)-y,(s)cos@ + X, (3-8)
6= C(s-0.5)cos o/ R+ (y,(s)-y(s)sinp/R+ 6, (39
Y+=Rcosg+ (3-10)

Z+=Rsing+ (3-11)

e, SHALEHNAWZK, WEAN0E 1, y () y()AARKAFRE
RERIBERE AR B —, T “ L7 S-UIE K _ERE, T4 “ T EHUIE R
TRE, RIEAFRMIIEERE, C X 0, FAFRMHUITHRZK . AREEE,
R -

Chord line

Chord length ic)

S

B 3-1 M REAYREZE A 32t d T &R
Fig. 3-1 Diagram of propeller projection Fig. 3-2 Diagram of balde section

B BB GE, R Excel R3RMANFAEARALHUITH ) — 48 R #B AR
FAL RN =2 RAAR . IR, TR Excel ZREARFEAKIHVIH =
AR I ZLER R CATIA 1, IR AR Th RE, AT SRR
e, W ZRANETERESIZIEE, REFTRRT R E RERR, REFE, B
ISR — 5 K BE [ 3k o

3.2 DTMB4119 K@ ¥ EH NS #T

DTMB4119 #gJie3& % # 22" ITTC #E#EZR R S N H IERUE TH B 7 A TR e
WP IR R, VF 2 8 5 FOKBh J1 MERRHEAT 7 TR - BEEAE0Y LA T hR i ke
RNG k-¢ F1 RSM ¥ AR5t DTMB4119 7K 5h /1M RS A TR A o 5 LA 24 34]
FIF OpenFOAM (¥] MRFSimpleFoam F2Z5 K2 ik T DTMB4119 7EA [H] 33
AR THHAEAAIEME, B0 T AR IELEA RS AER, 5%
EVERE. ZEEMA. TEH, XHERZR304.8mm, HELN 0.6, HEHA
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B FR R AR

NACA66(mod), Z(ff 0.8, #RBELN 0.2, MEEREHEN 101/s, B EAESH R E
3-1, JESSUPP# {48 iR 4L 7 M5 B . RRIBEE REUT M R FAH4E
RB UL BAFH- IR E I RE A, R 3-2 #4457 NACA66(mod)f1 5 S 1H .

# 3-1DTMBA119 3Rae R = &%t 5
Table 3-1 Main design parameters of propeller DTMB4119

/R P/D Xm Om C/D t/C fo/C

0.20 1.105 0.000 0.000 0.3200 0.2055 0.0143
0.30 1.102 0.000 0.000 0.3635 0.1553 0.0232
0.40 1.098 0.000 0.000 0.4048 0.1180 0.0230
0.50 1.093 0.000 0.000 0.4392 0.0902 0.0218
0.60 1.088 0.000 0.000 0.4610 0.0696 0.0207
0.70 1.084 0.000 0.000 0.4622 0.0542 0.0200
0.80 1.081 0.000 0.000 0.4347 0.0421 0.0197
0.90 1.079 0.000 0.000 0.3613 0.0332 0.0182
0.95 1.077 0.000 0.000 0.2775 0.0323 0.0162
1.00 1.075 0.000 0.000 0.0050 0.0316 0.0117

4% 3-2 NACAG6 (mod) &I %
Table 3-2 Offsets of NACA66 (mod)

Xe/C ye/fo vit/to Xe/C ve/fo vi/to
0.0000 0.0000 0.0000 0.4000 0.9615 0.4952
0.0050 0.0423 0.0665 0.4500 0.9881 0.5000
0.0075 0.0595 0.0812 0.5000 1.0000 0.4962
0.0125 0.0907 0.1044 0.5500 0.9971 0.4846

0.0250 0.1586 0.1466 0.6000 0.9786 0.4653
0.0500 0.2712 0.2066 0.6500 0.9434 0.4383

0.0750 0.3657 0.2525 0.7000 0.8892 0.4035
0.1000 0.4482 0.2907 0.7500 0.8121 0.3612
0.1500 0.5869 0.3521 0.8000 0.7027 0.3110
0.2000 0.6993 0.4000 0.8500 0.5425 0.2532
0.2500 0.7905 0.4363 0.9000 0.3586 0.1877
0.3000 0.8635 0.4637 0.9500 0.1713 0.1143
0.3500 0.9202 0.4832 1.0000 0.0000 0.0333

R it I ARAR e e A A 2 5 B DI B0 =4 2 R ARAR B IR 3-3 (93K
FERAFFHELE Excel 7, FHFBELEHEERFAZ CATIA F, WHE 3-3, EITH
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AR AR S

FE, FIF CATIA HIAFEE i T ThEe Xt 3 m-m- R AT S AL R, 55 AR R =4 Al
Wk 3-3 2 3-6 fis.

% 3-3 A Excel #¥ 5 AZKIE 2] CATIA P a9 5 3EAH X
Table 3-3 Data format transporting data from excel to CATIA

StartLoft
StartCurve
4239 -21.67 21.43
42.65 -20.63 2244
42.60 -20.34 22.70
4243 -19.82 23.15
41.83 -18.72 24.05
EndCurve
StartCurve
42.39 -21.67 21.43
41.34 -22.27 20.81
41.00 -22.34 20.73
40.37 -22.43 20.64
38.93 -22.46 20.60
EndCurve
EndLoft
End
o
i
. = v
i | s
| - o
B 3-3 »Hn & i & & 3-4 Retet &
Fig.3-3 Outlines of blade sections Fig. 3-4 Blade surface of propeller
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A 3-5 DTMB4119 441, & A 3-6 DTMB4119 2B

Fig. 3-5 Side view of DTMB4119 model Fig. 3-6 Front view of DTMB4119 model

RN TBRAETHEAERI AT BT R A R, A3 DTMB4119 #4717 MK i
WIS T HIBAETT . ARFTARL tHEMEXN T EERERNSEECEE,
P A% Rl A o BB AR AN R ER Ay B (6] ST IE R A& 7, TR IR BBk
REVTERREE. HHEBEM AR . OpenFOAM H 7 HIIH# [ M1E 75 2
R S5 F R/ R SO B ok Sy, PR B TN T ) 3 AN SO A
A, BRAERBEBE, HHMTEREERE, MEHRIMBRS K. &K
FRIEW R : 7EFH ICEM AR O B4 Mg it fE s, #itERa AEBH
NE M A&MW\EBESKME, R5EL OpenFOAM K /N T A,
fluent3DMeshToFoam, i fluent #% =X 5t 4% 2% ik OpenFOAM #% =X FT 4%,
WRIGHHATHER, Wif, WBMARE, &5 OpenFOAM Har NN A,
topSet, HHIERHE, FIF createBaffles A RIFH H I HAMMME .. H T iRk
RIFEMMEATEIE, AT IRERBERNEER, ACEEBENLEERERHER
—i, SRR/ NRIH B R A B 3-7 1 3-8 Fis . A EMER: S
5 “outcylinder” WE AMFRIAFFM, NDAF “inlet” A0 R/NRNKH
W, EABREERANERE, HO “outlet” KAMABEN 0, EEHAEN
TR, WBE“AMI” % BN M cyclicAMI, SRiER YT WA T B &4
WaEE k Z£YTE & BN kqRWallFunction, ¥ B X o £ H & B A
omegaWallFunction. & /&M% & 230 5464, F IR e W& A 200 AL,
URER 5 BMKE, @RETEEE, RIY y+ET 40 BHRER/N, K54
T y+ B EL 40, B[EI2BA 5.555E-4s, R4/ NE a5 4R e e 2°.
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RSB R L2 AR

0 X 1 i ’ . - |
B 3-7 AR B 3-8 IR EALE

Fig. 3-7 Side view of computational zone Fig. 3-8 Front view of computational zone

NET R, R T EEN AL

Us
nD

__ T
;t'J’sz4

J= (3-12)

Kr (3-13)

Ko™ 7 s (3-14)

JKr
27Ko

Heh g AHEERE, n NEBReREE, DRNBREKER, U, NIBIERRTE
B, roNEReRREEES, o NIBiERE 2R M.

ASCRFFHE n N 101/s AR, B ERITEE X/ NATREERE T, 739
HEHE RSN 0.5, 0.6, 0.7. 0.833, 0.9. 1.1 KA HEMAAEM. it
BgE R AR R INK 3-4 Fis . N 3-9 BT AR I, TEE RBUNTZT 0.9 B,
HEHREM 10 BB RBORENT 5%, HHERSRRERIE BRI, £
HARBAT 09 b, HHERSRRERREMUE LK, HEBTE, IHHER
H5RBRERY & RE, WELERE, UWHASCIRIRREE T SBMEBUETH R T
AEBRAA MR TEE, ARG TS FRERERM. B 3-10 BRT
DTMB4119 FEATHMR AT BE /5180, FTUEER], EHMEXNEERJIH
EMNHREIHARZEIR AN, B AR RA G A, B 3-11 BRT Q&ETF
200 B BiR IR IR BB, T ARIIAE(RHEER, BRieR B RIMAN, Q%
EEELER, HHABRNBREERLE™E, BI2SFB—EIERHE 7, 2

o= (3-15)
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RSB R L2 AL S

T FEARIR IR M HEE 2R . ARSI R, AESRBESR A A T I S AR T A 2
RERRER MR A1, SRR kR,

#3-4 FR#R Tt HERFXBER
Table 3-4 Computational and experimental results at different coefficients

] Kr 10Kq Mo
CFD EFD CFD EFD CFD EFD
0.5 0.303 0.285 0.494 0.477 0.488 0.476
0.6 0.256 0.245 0.437 041 0.560 0.571
0.7 0.209 0.2 0.379 0.36 0.615 0.619
0.833 0.147 0.146 0.29 0.28 0.672 0.692
0.9 0.116 0.12 0.242 0.239 0.687 0.720
1.1 0.032 0.034 0.11 0.106 0.510 0.562
1 . . . .
dial —K(CFD)  —-=10K,(CFD) — =ny(CFD)|
o | * K (EFD) A 10K, (EFD)  + ny(EFD) |

A 3-9 MoK e &

Fig. 3-9 Open water characteristic curves
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(a) A i - ' (b) A @ -
3102 AN 0.83B3HAEANZR

Fig. 3-10 Pressure contours when advance coefficient is equal to 0.833

(a) J=0.833. o (b) J=0.5.
B3-11 FRAZEREAKTREFMAD
Fig. 3-11 Iso-surfaces of Q at different advance coefficients
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3.3 FWG&

WE e SR DA K SR e K B N B E TR S RIER A E EEANS, Rt
JEEETARREE AL . AFRARTER T BAT TAE:

1) BHENATIRRERVIERAALIIEHRIE. REFERRE T SEPAF
ALAE T AR A R

2) DTMB4119 $RHeRHA B LG RREIE, A F2EE N KUK TR #AT
THAEPTR, FibA %R DTMB4119 15 956 A SC AR 5 0 A S8 7 v IE
HtE AR . HRHE NACA60(mod) I SEF A F LA KBTS H, WigEE
th. EENZK. TEHNHEFHZEER, B Excel FWHEEKEMAESIAN
CATIA 1, £ R %13%2] DTMB4119 THEAT

3) FIF CFD $iARX DTMB4119 fE3#EE RECN 0.5+ 0.6+ 0.7, 0.833. 0.9, 1.1 B
FIUKMEREET T BUE R, HHHRER5ARERYE BRI, RARIEASH
HAERRTHE R R SR G A M. AT RMEZAREA N
CRP 1 M 2E28 1 UK P 8 MR FE 4T T MR SL i) A o
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FHE MNERKIHEET RS

SRR A CRP MACHEME AR E R R, MYEHE LB R RHES
BAE, SexFoKah PR HAT BUE BT TR IR & A S A S A E R MR &
B AEE SuxT 5% E 2R B /KT R B PN # SR K 3 71 M REEEAT BB RRAE,
WRIEWII T AFMHEL . AFRRTERMEE. AREEEXIEEREEH =21, Xt
Fe IR /KBh 711 BEAN T REBOR HIRZ L o

4.1 FFEREFHUKMEREM AL IE

AT CFD BRI T AT AR B LLHIXT R K3 71, 75K
GERBATXEG,  RAETHSARRIAITH 505 R W {5 BERIA R

4.1.1 HRBERETR

A0SR F £ E R HK AT 5 R Miller FFR IR 40 B8 A002) | Horh—4
N CRP6, HAT. Ja&M#tbA 4:4, 451 H DTMB3686 F1 DTMB3687 45%, 73
—4#14 CRP4, RifaXH ¥t N 4:5, & DTMB3686 fl DTMB3849 4%, M)
[ NACA66 (mod), & 4-1 MATMERMEERITSH, HEWE 4-1 Fir,
IXPHAN AT JERIEFER /N, 80,0432 m, ‘BT3B SR AT S R A
HYEE, BTl EEZ MR ILE/N, A% e kT
EIAESS, T T H L.

% 4-1 DTMBA119 $Ra% R * 2R+t A ik
Table 4-1 Main design parameters of propeller DTMB4119

DTMB3686 DTMB3687 DTMB3849
Hf/mm 305.2 299.1 299.3
H-3 4 4 5
(P/D)o7r 1.291 1.326 1.287
£ 1 b 0.303 0.324 0.379
e [e1] i A B

HHEFE  NACA66mod/a=0.8 NACAG66mod/a=0.8 NACA66mod/a=0.8
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() CRP6.
A 4-1 245 R+ F AR
Fig. 4-1 Computational model of contra-rotating propellers

A SCH e s IX AT R 3 KB I HEREIEAT T BEIAE . THELISR /NI %
FBWE 4-2, MERISHIERSH 3.2 FiHH AR FINE. BT R MEEH
RUHEBEKR, N THRIEEBERNEER, ASCRBBERERREMHA L%,
R RIS =04y, B LA 3R BB B B AR T B A B 2R B BN Y
RETFEaR, HAMAER, “AMI1”. “AMI2” AWEBE, SMNIBE XS NE
AT BN, “outercylinder” JHTHEIRIKISMA R, EHAERILE, HiT/ERE
FEECEU/NGY, W 4-1 Fron, TERRZ(E RN HIME IR E “AMI1” 174 b A
W “AMR2” 2R H L EAE, SRIEEEE “AMI1” FIEBE “AMI2”
EREHIA—-ETHMNEASHHITHE R ARAKEREWT: saRH
“outcylinder” B NXFRIAF KM, ANDILF “inlet” 3B K/ NRTEE,
EJAR B NFRAE, HOAF “outlet” 1A RN 0, HEUFBANTHE,
WRHE “AMI1”. “AMI2” & E N FE #HE cyclicAMI 554, 1BRERYE BN
A&, IHEIEE k FEWE LR kgRWallFunction, #EH#% o ZEWHE AL BN
omegaWallFunction. s &MKEE 291 /7, HARERMIEM&AN 240 HEA, 4
FENS EME, 2REVEE, KUY y+&T 40 BHRZER/D, FIEST
Hy+ B 40, AT RIEREHS ER TR IR IR AR E 5 5200, A0 T BN 1]
#, N 1.1574E-4s, G [E] R0 J5 2 ME%% 0.5°, X 2250 o b 42 | SO/t c B B
RE 1 Fime.
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WHETHA: REFEIEREEN 12 vs H5E, &S RIE RS IE
RY AN ERAEBEE R B A8 0.7, 0.8, 0.9 1.0, 1.1 B /=4 (kS (E A
32 KR .

]

outereylinder
EAMITE AME2
infet e s
- -propeller
: 1
X }e X
(a) f¥LFe. (b)IFFLH.

B 4-2 it B A RAA R
Fig. 4-2 Computational region and grid arrangement

4.1.2 MEERMKIEREREWE

RETF TR EE R PIKBI 11 RE, e LA B3
U,

J (4-1)
npg
Kr= % (4-2)
Pn " Dr
+
Ko= QFZ—Q; (4-3)
pPn Dr
JK 1
= (4-4)
7 27K,

KUy ARIEEE,  Tr TARURRIR. BERFENHES, O.v 0,5
IR, ERERMHE, o NIEREREE, D, FATEKER.

Bl 4-3 Xt T CRP6 RIRAGERKTHHERMRARER, ATLEHATRAR
BT AR, AR RPORELE S%LUA, HRETRKE, 10 51
HERBIE 1%4£4, HivE T REE. BT ERETRIRNERS S, BN
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Fig. 4-3 Hydrodynamic performance curves

B 4-4 1) a BERKREETERHECH 4:4 1) CRP6 X432 1 MUK HE1F fh 28,

HHERSARVEYE REF, HAMFEIREDBIE 2%, 3.6%EL, BIREET
RIME, TRRIRELE-1.6%, EEMIETRIAE. & 4-4 1 b BIRATEXRH N 4:5
%] CRP4 HIMUKMEAERIZ:, THESR S ARESEYE REF, #EAMMEIRES
AE 1%, 4%EL, BiHEETRRE, MRRIREE-3.8%, BEETREHE.
B A BB R AT A, AT BRI O A B R AT R R AT
B LLHE— B IR AT FEAS [ -2 vt 5ot g 3 1 6 3% 0 A0 41 R SR AR

—  K;(CFD) = 10K, (CFD)
K (EFD) 10K, (EFD)

= 1n(CFD)
el EFD)

07 /

L6

05

0.4 \
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J
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]
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(b) CRP4.

A 4-4 BOR e 4
Fig. 4-4 Open water characteristic curves
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4.2 RIRRARH¥ X E

SE SCIREE A L AR R M B S JE R B L. ASCHE A T AR RR O -5
Eh, Bl 4: 4 F14: 5, ZA0/5RAAX BN, PR AIREBEHAE /135 4584775
SR SR R AR AL

4.2.1 HHBASTR

AR _EAT R PR dE AR, & 4-5 fran, THER. AR &R
5 4.1.1 Fisg e, h 4.1.2 FHES R TTAN, WAt EE 3R Ar R RECN 0.9 B
BB /1 BB B R R, BT AT PLX AN EEE RECH T THL, R RT
JEREETRE RN 121/s, RULEFEN 3.2962n/s.

‘4 AW

(a) CRP6. | (b) CRP4.
B 4-5 34 Rt AR
Fig. 4-5 Computational models of contra-rotating propellers

4.2.2 MEREEEZENDETHEBRI T

MARISHAE AT 345 K E . CRP6 F1 CRP4 [ 1 R EUFIFIME R B B =
HEARTE ST, BEfIEGEANE BEARF, W 4-6 Fim. HTRIER
BIFHE, CRP6 fEREH—FNA 8 NMINEH, RIEENE £ N 8 G, T
CRP4 A 40 NN/MARH, BIEEIE £ 8 40 55 , WE IR FE AR

f=fomeZr+miZs) (4-5)
Hr: 7z, zo REEEME, me ~ mAEE HFHE mZe=miZior fo N

X} BB BI(121/s). 74 CRP4 HI/KB JIZRALIEME B BAK T CRP6, [t CRP4 7K
A REARN LB B « XTRTIZAHE S REGHAT FFT(Fast Fourier Transformation)
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e (matlab RIGAAES RWHRE 2 B 1 fra), 4R W0E 4-7 Fios, CRP6
HIESA 8 f5 %4, CRP4 XN 40 fER0RS, BTAHH. 2 (R F S,
HERMRMt S M, EEEAENEMRN. FH5 CRP6 HIFHFIH (8 5
) HFIEIEME (0.02428) RS, CRP4 HIFIAEEH (40 45 MTIEME
(0.0003873) Rsr4HA%, WEIEAHZ 62.7 A% .

ME 4-6 7T DAFE i, CRP6 HIFTRHHE REBUBEHERTER. TR
BAERCEN i, BTRM 10 fEIRHAE RECRHE S REBKSIBE R EAT]
2 E B 354E 1) 40%, J5 31 10 A5 FHLAE R BCRI#E 0 REOE B4 B B ME R 14%.
XRRN SR BRGNERFTEZRRMEMRE, THREM™E, ®AOR
HEHZ MR NIEEAR, RN E. TR0 ITEZE R RS, #
ABHBNFRABELR, RERRET . EmMHVIREREDIRESBIRATR
lﬂ%%o

;T,ZJ\f\/\f\/\/\f\/\
alf 5 _' Vi N i'

x i \ ¥ | Vi i
S o35 pr ‘\,-'J 'J i _r' U l-“‘ i li,'l g

(a) CRP6+ (b) CRP4 .
B 4-6 i /) 3846 & 30t iy X
Fig. 4-6 Time history of thrust and torque coefficients
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Fig. 4-7 Frequency spectrum analysis of thrust coefficient
of front propeller
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& 4-8 FIE 4-9 LLET 0 4% To. 0.5 f51 To IRl JE RIEATH E /104t
oL, Horf To A 4-6 FH/NEIA, FTLAEH, WIRNENSMZLHEHE, 05
FEH To BT EIESHERT 0 51 To BF KA, TERR T FUAMIES, HeEHdy
BUAK. B 4-10 FIE 4-11 BT 0 F5H) Tov 0.5 F5HI To I BT f5 2R AITH 7
sAafEN, FTAEH, ERNENSARWEHE, 0.5 51 To B E 4%t
BB KT 0 51 Tol E7/7. 45 EFTRRI A, #TJEZRMAHXIE3) FBRT/E R M
BT R B AR, N T RS 22 /1 BB

(a) TR~ (b) &%
W 4-8 04589 Tl R A @A) 5 FF
Fig. 4-8 Pressure distribution on pressure side at 0 times To
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Fig. 4-9 Pressure distribution on pressure side at 0.5 times To
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Fig. 4-10 Pressure distribution on suction side at 0 times T,
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(a) AT (b) 5%.-
B 4-11 0.5458 TR A &EH 57
Fig. 4-11 Pressure distribution on suction side at 0.5 times To

Bl 4-12 fRoR 7 AN S B Z R 3R y S5 T FRALE T H KR IS ESR,
o t] NZAETERRINGEN y FT2FH, fTUESISUEFRANEI I
B, 2 WZMEREFES, 7 AERR)ER M BG4 K U K 8
B, 3 NZIRERTREE y S TFFH, HRERGERINER, ¢ 255
Kt BRI, MHZE45° , W LEHBNEASEUAKR. &1, @
SR RS R ML E A1 A4, WTBUREL, ETRIERMTI, Biekk

5] B R )

= /1] !\ . |

- |-

- 'U r.:’ u"
(a) t1 032, ‘ (b) t2 =4

P".'.m ‘T | quln. [’

= (W T

E \a i ‘.

SR | SRR )\
(c) t3 eial. - (d) t4 =53} .

B 4-12 WA R R E ) FAR

Fig. 4-12 Pressure contours at four classic moments
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MR JERZ IR EE R LLBULR, #EIARB/ME, ST, JERZE
KRR HBOE R, #ARBRKE. EEIKSSRER RS, MmmRE—
REEAMRER, AT 0.7R 240 H-UITH 5/ REOMGE, & ERE
SE XN

C,= £
" 05p(uy*+(27n0.7R)’)

H U, ARMERE, RNITER¥ER, nNBEEEE.

MAHE SR BB KR SR SER0. J5AE 0.7R K2 A0 I -V TH R ) R B A
1 4-13 fiizs, &R E7R, CRP6 HIE ) & %4 Ain il 26 o B I AR RS K T+ CRP4 Y,
XEAERNEE, ——ENE 4-13 2EANARH 0.7R &HES RZE 3. CRP4
MERETHIE, CRP6 XL, —E&KEAN, ME 4-5 aTLLEH, CRP6
(I3 71 REUEM A B KT CRP4 HHE /) REUE(E &, FTLA CRP6 Hfg/N3mM-52
JIKF CRP4 HIRM-5271. RSB 4-13 TTULEH, K REAERR S8 L
FCRREIZ, TEIBIRRBEI B A KR, TETE FUMBEIAAE, RIS,

(4-6)

06L " L " " . . " L L L L L " L
0 0.1 02 03 04 05 06 07 0B 09 1 0 0.1 02 03 04 05 0.6 0.7 08 09 1
x*C x+C 1
K

A = \r
(a) AT (b) fF¥%.

B 4-13 FER0TRF¥EBRAEN ZRSH

Fig. 4-13 Pressure coefficient distribution of

propeller at0.7R

FEFEAEMFEIREST, BRATRE, HERERK, ARESH=ETI
R, MRTFERHETERE T FESHEXE IS, Frolarg. ERNAFRIL,
HERE R, MG KR B [ RT3 B M R I IR B e, AR L
AR AT RERIRR . R 42 BRIERMIEE N 3.2962 m/s, FIRMFREEN 12
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r/s, BN J 5 0.9 RXERHTHHELER . KRS AR R ERNAR, B
HERAMRARRMER, HEEYHEREZ - ESNERMAR®ES, +H
AIARUERT TN 0.7, MR X L, BB HE R M RE B U N i A FE AR REL 7
PEREM P BEIRBLH EALTH R M A RELL T, 2Bt RS, tEBPE )
BB R Free iR BIHIHUE, 15 HATAS R BYID BT S X R MUK ERE. 55t
BT ASCHT R A RO R R RT3, HEH A A TAESEE R BAE 0.7-1.1 Z 16, A
et EERE, AEERECN 0.7 MEBERIEN WA — e HEMt. &4, HHERE
B, CRP6 XT#&3AHXTHIK, IR E T 10.2%, CRP4 MERMXT B, HEE
"7 8.73% , XREA, —J5H, LA T, MERATRAGERZTITHEE,
KENIVERERLF, i — A HEFEREW T RIRBRK ARSI B 4-14 BT
CRP6 X5 AEB AR KRG B, Hrh, U E B ', U ARIEE,
ME a T AE Y, Ja 3724 1 R A R 5 0 5 T R AR S5 32 SO AR T AR IR 454 »
X} B IR IR ST 6 A R Zh BB/, BT CAELI il (R T0 F, TSRS AR
Gty E S RERAMBIRE, B ARAMH R LR, EHH FRed .

K 4-15 RERT R 2 /G AAE 1 Re SV RERR 2T, KPP Re A
AI3RAE, R BRMERERAIERAR, EE5XERERERHEER
RUTHEFEAELE . AT UKL, XK BRI TIREERKEA, BRZITE
A [ B RER D

Uy =U; cos(atan2(Z,Y))-Uy sin(atan2(Z,Y)) (4-7)
U, =Uy cos(atan2(Z,Y)) + U sin(atan2(Z,Y)) (4-8)

I 4-2 T LATE Hi, BRI IR B 375 2 O ) RO R (LA 22 B K,
MORMIE 1% %4, M 4-15 b BRI d BTN, s s 15
RR. B EFTAL, SR NE R % 2 BB, (EX 9 AR A
BAT B

& 42 HHER. RRARFH /e
Table 4-2 Hydrodynamics comparision between contra-rotating propellers
and single propeller

T(N) Q(N'm) 7,
SRR 529.12 30.31 0.630
CRP6 52991 33.41 0.694

CRP4 523.65 33.40 0.685
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(a) CRP6
B 4-14 CRP6 5¥ XA EFFA®
Fig. 4-14 Q iso-surfaces of CRP6 and single propeller
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Fig. 4-15 Tangential velocity distribution in wake fluid field
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4.3 FIERAEIEENKE

R RA RS, ERRRS A NERRXAZERX, FHHRIE
ik 4-16 s, FrlA—FE RPEERA/NTRIR ¥R B TR ERA #HR
TEM, BRTJEREIBEEDN, PRTIB™E, BrCART3RAJE 3K B RN iR ek
AR H I BE R, TXTRERCR R R X e R BT b BEBOR O
FBLo T DASKE PR 3R (6] BE o 3 e 5 Al 5 5 32 4 1T RE R I g AT B SR 4w B 3K
IR it EE K . ASCH A CFD £R, BAERI T A =Fhig iesk £ 1 A
PR e

Near Wake | Far Wake !

3, i i

I

L 1
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B 4-16 3Rag RERH 5T 45 1E
Fig. 4-16 wake flow field fearture of single propeller

4.3.1 {HRRBETR

FEXTEER I SBRR F, BT RIRMFERMRE, MZERNAEE, IXME
KAHFBEARREARAD, HAREKK, FroAAET CRP6 MiERER, &itT=
FHUZHEE A1 BE, A 4-17 FiR. BTG R AIHE BN 12 v/s, SRIIEE N 3.2962 m/s.
HER. WREGENMEAETSE 4.1.1 7,
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B 4-17 B H] 2E &9 2F 4% R
Fig. 4-17 Contra-rotating propellers with different clearances

4.3.2 REREEEENDATRERR O

AXHBFRT CRP6 7EHEE REN 0.9 B AT ERAPE RN 0.283 Re, 0.483
Rr, 0.683 Rr LU, BRI EREHEZERIATR, BIRFESX M F Rk
HEMEEE. NE4-18 I a BTTCLEH, FRWEFNIEESN, FEHRERD, 8l
KIS REET EARWIAD, (HEZIIREESREKR, B3Z2]M T RE™
H, Xe5lRMNHEEBREZINIRS . WSEARDN R A EEE®RE, 5
BRI R A FRSR, AT ASRITE B, B 4-19 RN Al 34 H 2 7k
BPE M, H, U HERTRITEE, Us AN DAL K/ 4P B R,
BAHEBEAEDRIA 1.25 1%, H 1.04 f5RRBHEFE S AR . B 4-18 K b EE]
S H JE 2 017K 3 73 2R B0 S5 4 B ) BEL Yk /N TR IR T 18 K, 3R BRI A 5 2R SR
JE Bl AT J5 248 T 1) B AR /N T /N BT 2, ] 4-20 o RIS HE ) R BB IR E
WRPE R RN K. EREANFMEMEIET, WHERKSKHES . HAERNIME
FIZHNET 2.5%, BEJLFEEZN, R 43 Fin, FERERMENREERN, &
][] BEX X 55 2% S 17K 30 1) BB ER A K, EXEIIMZRERE, BHEe
W, IR,
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Fig. 4-18 Time history curves of thrust coefficients with
different clearance
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Fig. 4-19 Axial velocity distribution in front of front propeller disc
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Fig. 4-20 Axial velocity contours in front of rear propeller disc
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& 43 MHEHER, BRKFH 3T
Table 4-3 Hydrodynamics comparision between contra-rotating propellers
and single propeller

il il Kt 10Kq &
0.283 Ry 0.428 0.886 0.694
0.483 Ry 0.439 0.908 0.694
0.683 Ry 0.438 0.904 0.693

4.4 FIRRAEEZELAEN

SESHE NI RN S E RO EZ . BRBMARIRSE — R NUENAT,
Fr@E /1A T, B R THlERAGE, MR ERHEIZMET T, R EE
RFH 2 LRI S R L, Rt SRTRAERMOHEALLIEHR . 15
RECH B RAE B SR T EFZ RN — 2. AXFIH CFD £, BUEHt
FC T DUFh S LR X SR 7K Bl S P RE

4.41 HHRESTR

AT 356 F X e 32 AR A CRP6, [R]PE A 0.283RF, @1FE 4-21 Fizm. 183,
URFEHMMEAETTSH 4.1.1 75, AR3CLL CRP6 ERWIEEN 3.2962m/s, Rl
JESHETE N 120/s BYFRFEAE IS T e, 2RISR A G R isEE, 2
AERIHESR T. iR, 3K75 1.143. 1.008. 1.027. 1.000 PUFhEEE L, *HRif
H#EAIEE D 1,651, 1.269+ 1.000 0.890.

B 4-21 CRP6 3t 4% R4k A
Fig. 4-22 Model of contra-rotating propellers named CRP6
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4.4.2 MIERERBENSTREBR T

AT, ATJERMHES RE P th & & 4-22 fiR, 7TAE AR
T LU AT 3R I S R B SRR A K .
5E SRR BN
p.= (T-+T.)U,
" 272(nQ,+n.Q,)
e, 7 NRRPEAERES), TORERFAERNTES, U IRREE, g,
0, REMEHEEMAIE, »,. 0, REFRIPLENAE, o, AENERRH
., R 43 ARFEEELTERIKKE) 1R, SRER, FE7EJLFHERER
HEJIRF, ASCTHEEE]JE R X MUK R A K . T A ST SR L
1 EA, KEARER, FrUEAR 8 AWM FRFEAHSHHRT,
BEESELLIEK, ner O, FHHK, Min,, Q,EBEEA, BAIMFRIRZFIZE
WK, BT DA R 5 R MUK BB B KGR . BRI SR, B
MR RBZ A MEIRE, WRAR (4-7) AT ERESE A, TR
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Fig. 4-22 Time history curves of propeller thrust coefficient with
different revolution ratios
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Fig. 4-23 Tangential velocity distribution in wake fluid field
with different revolution ratios
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Fig. 5-1 Podded propulsor Fig. 5-2 Hybrid CRP podded propulsor
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Fig. 5-4 Affect of podded propulsor on front propeller
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Fig. 5-5 Time history curves of hydrodynamic coefficients of single
propeller and hybrid propulsor’ front propeller
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Fig. 5-6 Affect of front propeller on podded propulsor
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