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THE HYDRODYNAMIC COMPUTATION AND
ANALYSIS OF SHIP ENERGY-SAVING DEVICE

ABSTRACT

Along with the price of ship fuel oil rises, the technique of ship energy-saving arouses wide
attention. Hydrodynamic energy-saving device is one of the important means to promoting indexes
of EEDI and EEOQI. Ship hydrodynamic energy-saving device, according to the relative position
with the propeller and its action mechanism can be divided to forward flow pitch controlling and
optimization of energy recycling behind the propeller. The common ship hydrodynamic energy-
saving device the technique of which is mature includes wake compensating duct, fairing,
commutating fin, boss cap fins and rudder ball and so on and they have been made widely available.

With the development of computational fluid dynamics technology, numerical simulation has
become a powerful means with increasing importance to solve the problem in engineering studies.
The front pre-swirl guide impeller based on the prediction of CFD performance optimizing is
designed in this paper which perform an important function of improving the flow uniformity in
upper half plane of the propeller and the efficiency of hull with the propeller, reducing the propeller
wake rotation energy loss, thus getting considerable energy saving effect (three percent to five
percent). All computations in this paper are performed by our solver naoe-Foam-SJTU developed
based on the open source CFD toolbox OpenFOAM®. The foundation of computations is based on
the RANS (Reynolds-Averaged Navier-Stokes) equation with the VOF method to compute the free
surface and a k — ® SST (Shear Stress Transport) model for the turbulent viscosity.

Work of this paper focuses on the following aspects:

1. A discussion of the basic equations and numerical methods on towing-tank test;

2. The numerical simulation of towing-tank test on a VLCC(Very Large Crude Carrier)weighed
320 million kg in viscous flows is carried out .The ship resistance from computation is compared
with the one from real experiments so as to verify the reliability and the practicability of the
programme;

3. The processing software is utilized to extract free surface and obtain such flow field
information as streamline, wake field and velocity vector at the propeller disk and so on. The hull
efficiency method is put forward to estimate the quantitative effect of energy-saving. Principle and

effect of energy conservation by the front pre-swirl guide impeller are studied and verified.

Key words: Hydrodynamic energy-saving device, The front pre-swirl guide impeller, numerical

simulation, VLCC(Very Large Crude Carrier), flow fields at the stern, OpenFOAM®, wake.



BN
iy {5‘-

= HAG ToHG UNIVERSITY ARARS B BRI RET E AR
H &

F—= B ettt ettt ettt ettt et en ettt eten et et en et enaees 1
ISR 8 R L= 0 = o O 1

1.2 T OPENFOAM ..ottt ettt bbbt bbb bbbt aes 2

13 B P ZEIN L oottt 2
=3 = S 4
2.1 A TR oottt 4
2.2 P Navier-Stokes JTFE(RANS) ..o 4

2.3 TTRETE et e sttt e st e e s e s s e s eeesenaees 5

R T OO 6
IR 11137 DO OO 7
2.6 FEHITTFEEEZETETR et 7
2T ZREEIINGE oottt 8
L[ 1y =IO 9
31 T BRARFTE: oot enen 9
3.2 BF I T HI covvoeveeeeeeeee e ss s ess st 9
3.3 A A BT ccvvcvereeceee ettt a ettt a s saes 9
34 JTFRITBIERL oo ss s 10
341 BERSTI T ETEI oot s et n e en e ene 10

I G B T3 =< TP 10

343 FEBIITHTETHL cooveoeeeeeeeeeee ettt 10
RO - 11

3.5 JEJTTE ERE G SRAT oottt 11
3.6 BB TTERAIAELRIEALTE ..cooooeoeeeeeeee et ssnssees 13
KT 3 8 i OO 13

3.8 AT /NG oo 13
FPE 32 5 VLCC HEHTIRLE CFD FUE AL oo 15
N = RN 15
A2 T oottt e e 15
T T = OO 18
B4 TFELALERZR oot s et 19
T = 0 50 GO 19
R = 3 OO 21
A7 BHITTEEELE R oot 23
471 FEEIRFE CFD ERATEIRAE oot 23

4.8 MRS B S A T AERE B T ITELEL oo 26
B9 REEIINGE oottt 26
BAE AR EXT T A BRI IR e 27



(= . A
'm® XEXEL ?J
SIS SHANGHAI Ao TONG UNIVERSITY AERRT AR BRI IR E SR
S 1 JEAEIE ettt ettt ettt et nent ettt e nea et eenene et et eaeneneaneneananas 27

52 BHHTAE I oot sansaees 27
LTI 4 1 0 i 2 OO OO 28
54 BAFTALFE TN covveeveeeeeee e seeessee s sesssssess s s ssss s sse s sss s ssesssesssessssanees 29
5.5 AT AL ATE EE IR oo es s ssnes 34
RS e By 0 = i OO 35

I B N A O 35

5.6.2 M R AT BERIRTRAETE oo 36

T < N OO 38
BEINEE BUBE GBI oottt 39
0.1 LG ettt sttt ettt aenaen 39
0.2 B oottt ettt aenaen 39
BEH SRR covveveeeee sttt 40



I
- 4@»

= sencun 1n0 Tows Uk ARAET R B KN A R AT

B—EF it

P AR s REAE I 12 TR, AEAIIRRLE A o5 AR AR ATIZ A2 8 T SOA K LBl 4 7
TR Ge T, AR RRMIE E AR 2 B 60 %, HUIRARZ) & 50 %, EIAR ALY 35 %,
/NSRS B 25 % — 30 %. MTLEAE, EEs LA EE AT, REIRE S, Rl
REAE 2008 FATFHEHUF G IR G, 51K THEFPERREIRERTK, 7T LATIUL 0 45 R A2 i f
BB 2 PRk B, SIEEIR, AR R SRR LRI —, ERriEE A
21 (IMO) I e AWl & 4 HHHTATE . 7 LR IRl = VA IR . B MEPC 2L
2013 4 1 J3 1 H& A EEDI MW 24, REXBIBERT. Mgat. w8 b 4 E E N
(IRt 3 A AR 1) EEDIELDT € 177 M6 A5 - T FEHLAIE iE 5 MEPC $24£ 1) EEDI 4
LEHHTHEOR DL, EN 63%MIE M EEDI 484U TR DL by FEEA 73% 3L [RIE
(CSR)BA BT M it f$hritE . EEDLREAE 2015 4F 1 1 H AL 4 [ Y [l A s 4T, Hbss
7 S S R A A A M ) SR T o o R R R R A PR B TR X KR
R T R G, EEARAE LR LAy R A 1 S B E AR GRS AR RIS,
TN b 3R AR BRI A 7= B AR A AP Sl A A 3 s o 2 JRE MR SE AL BOR AN
Jeitt, AREEBIBAKHbRE . EEBRBABEH IS H T, “REMN7 SRONRK
FERRAARAZ I, JLNIRRAR  “IMER L RERL. %4, EBTE T RS TR, SO
frt M 25 B — YRR IR VEE A Rk, W DRI A LA S48 s
HEFRS . FEX AT, BRERT AL D EREA A THLEY, PRI, MRS RS
AR E IR A ERE M TS S0 FU R BB AT TR, e R R B AIREIR . A BT frI DL
Ais B Lt et AIRFEE R R S bRl L. AT REBOR BB M RLOCAL T 7T, 7K B Jg By
RERE BT A, HEER B AL DAL — LA BRI REROR, X A UGREL, & AT 7T A n =15 RE b
TRIK BN 7128 B —— A EUIE 5 - T AAZK B0 75715 B B DAL AT 4 B e R s HF TR XU 2
MBS FN L RE, X T AR K30 70717 et BRSSO I R A

1.1 IR RBE=ZREN

FRAROKZ /TR L, S HE DL T, AR5 R e AR 7 B AT e S B AT DLy g2
I HEFA AL ) A1 e RE R AP Ao I W IF BOR AR BN M AR 7K 3 075 RE
FEAMRAMETE . BRA. B, B EEMACERSES . AR UGREHE TR 1T BEFT A2 /T
B TRE, SR TR, SFTIRERIL ATy, et B TR By, AR
AP EBUERAI 4~5 WG, SN TE BRI REME A 2 BeE iR e R A i A
TR SINE . S IR e A B 2R L P AIRIR e 2R R R e RE AR R 5%, NI 31— %€ 715 fiE
MR HETCE BN RIRTAIKE) 775 e B RERCR HUAR AR . S5 faj o, 2R s
Sy Fades NG 2 a5, W R AE e R RONERR, 52— T BRI (Bl A
BRUA, Hr A AN O R S, AR R, FEBk AR T BEREIT A8, DALE IR
BRIEAR, MEERTT DLV KR B/ INBG0 ISR R I AR IO e EEAE 4R R e Rt AR . a3t
B8 o — R K BT RER L, B B8 2 [ e AR MR e R AR 1, /N8 P (1 0 5 e

o1 ka3 m



@) x#xary
N2/ sranciun 1o Tong Usvaray BRAATS L BB M AR

AL M, (H2 BERIOMBIER EATH 1/4. REBIAGISEARE 7 A 275 5o 2 3 2
Fee T R MR R 2 7 A TR B8Ry » /U i R B Y RE L, DR A M o T 155 V00 T R e 2 2 /L
WREE LR IR e, 2 B i DUS T R R B R . Ak, A AW A4 s R
R AT S B0 58 FE T - W @ 22 2 - 1K) 22 A 0T LT RE R A IR RS, 22 26 R I ik
AR EOR IERA I 2 A FE, BN RE R BIE A BIRA RO . KESSARI 4 REW, H
?ﬂ“@%ﬁ%ﬂ“ﬁﬁﬁfﬁﬂfh B HEAE S b LG AE A B SR R BT RE AR

TEMHIAZK SN )T e B AT el R v, i T SE RS B s B 51, A ] PR AE it TR
RES B PR 5 B RO R BN, RS AR SR A 8 P i) R —#, i B ARG
T, 38 BRI K 77 R T IR 87K B J 1 e, H 90 FEARE, B THENLEOR
HAR K FE, CFD Bl (Computational Fluid Dynamics) 75/27%%9%@%@%5‘]7]@)]77%3[‘@@,
HARBAET AR T A I, b Mt K iakae ok 8, At it sl vk E LT AL Ak
HASFIEMARIAEE, K, CFD AHE T HEANAR T 5 & a2 FE, ML B
MELRIKBN IR E

LUbRIN, AR MR AR R LA R 2R T CFD A5 AR AE TR 15 3
IR, AT RHERR I XA HE AL, THRORS B S S, RS, B, BRAVEE 2N
RN o R A R R T AR 5 SEIR (A AT X T, ﬂ%QMIEJH:U\ﬁlﬁ*%UE’J_HETPO

1.2 3T OpenFOAM

OpenFOAM [#! /& Open Field Operation andManipulation FITEIFR, & SEILR 2K &)1
BEMBEAE, R—ANsEal CHE ST FX R ) CFD 8%, OpenFOAM KTl &3 FOAM
(Field Operation and Manipulation FJ7# 5 ), FEFEAFH, FATAT LA HH >3 15877 1506
PRt od 77 R BRAR R B ik, AEERETT T, B SCRF 2 A MRS, X T A PR AR T LA AR
RZTEiA) @, F 357 1) snappyHexMesh W& Kl 73 T2 AT DAPRIE 5 280K 23 7 T A4+ 22 T A4 Y
¥, IF HINAS BE A s, AR, BoA58 K M2, OpenFOAM SCRERAIIFATIHA, hn b GPU
BRI AR KR = i R .

X Z ¥ CFD 4 (41 ANSYS. Fluent) A&, OpenFOAM & —ANJFE
CFD A48, AFAH il F 7 8w LLEI R b B T 3O A% 5 5L A A0 1 T AR, X2
OpenFOAM WKL AL, [FIIF,  F AT LA {8 7 2 B 7 W9l bR e BT RAS AR
HAT79W 1. OpenFOAM A LKA il B HIEHE R, V2 TR LIS A ik inl @ bt anfe
SN i BB A, IR RERT [ A5 g 2 A X S A A PR R O T i 5K i

BRI &, £ CFD MIAEEEL, & —MhRA Az 30 #S il LA — R A il 73 T FE e
SRR 77 FERIARED, Bl OpenFOAM fH— /N 3R AR #% . OpenFOAM A ¥F L HLRL H
SR, F P AT DURRYE B O il R 56 5 0 B0 SRR 2 JEAT SR o ) A %o — 1 ] B 10 LA
AR E IS S, AT LU B 7 I icoFoam SKARZS#EAT K fif o

1.3 EEARABNE

RIRERAETFIEAISF 5 OpenFOAM 3Rt I, FIH 4N HF & 1) naoe-Foam-sjtu =K fi#
AIEIE KM RANS B 7 B BB AU IE 32 Jml VLCC A 717 Re A 00 T BIs K HE i ) L,
S AR TR RS AN SRR P R A 0 T B R BEL A ARG PRI S AT BB T 5 DT 2 2 v B Y
) HAAR N 25

(D EEEANAN TR, 7R B8 P4 0 R BR AR L BTt . K AR ;s 2478 Linux
ARG FAWRERAA S, FFIRPAE OpenFOAM, DL A naoe-Foam K f# 2%+ firiz FH ) 3t A
Bk B N CL A m AR Y] &5 [RIN 27 2] JE AL PR A paraview 555

o2 o0 ka3 m



*

e Y
iﬂaJﬁ;rhﬂft?
i / s s T 1

NI SHANGHAL JAC TONG UNIVERSITY REfR T BER BB N MR E SR

(2) BB P48 T T I il R AR A R R T K R4 1 5 R A R SRR

(3) SE=m AP 1 O 5 R AT BE SR AR I T 21 B S O .

(4) VYT HERI TERARE R, % VLCC TEH L1 RE%E & A I T FIE AT 5,
R ARG 43 28 B THSEAEAE XS EE, -5 4 K I HE A 36 ) SR 98 (R VR LE B iiE BfE
TSR AT EEE .

(5) 2 T B AR Z AT B AT BUE BT S AR, RIA il . k. AT A
Yy BB LR R AU S BT HR AN B BVE A ST BERCR .

(6) EF N ER AR S 4, XY E T FA KB I REE 7 BRI L, JF
HX RS TARRAT 7 RS, ARSI H e .



s e v
|ﬁ j _,.1: . g% iﬁ K ?’
‘M_. _._;/ SHAMGHAL LA0 TONG UNIVERSITY ﬁﬁﬁﬂ%ﬁﬁﬁﬁﬂ(ﬂ]jﬂiﬁﬁi‘l‘%ﬁ*ﬁ

2.1 =HGTE
X FATA AR -
HEENE T FEQ-D) B R T FE(2-2)
%+V-(pU) =0 (2-1)

apU

ot
He: o RiJjokiE; U NEERE: pNHE;
TR TR0, A ARG 1 8 A

o =—(P+2uv-U) I+ u[VU + (VO)"] (2-3)
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FANEIE G VOF J5ikRiH] 77 2 .

%$+vm;ug@+vmﬂ.am]o 221)

£ LR, S5 EARHIIERMES VOF HfHHal, =T M AN LIE4Em. H

e i JL a3z
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"x__ _ _;/' LELA N 1 A )

) ToNG UNIVERSIT RERRTIRER EKBNAMRETH BT

T EFEEH a(l-a), ZXFEZIOOT AN, BIEE b A A2 e, )k
AERCR . U, ISR TR LY, TR T AN T8 P37 T LAE I 5 i X3 14 i R P AR

s
U, =nminsC, | | ,max | |
s
(2-22)

B, TR S ACRY BRGSO L, ¢ R H TR

2.5 REKS

X TSR PR AEIAL 70 R I, B T IR AR IR — N A R e U L B TR 507 B N E
WA, BIATER A HE, AT LAR 5K J) BIERE K fif . Brackbill %8 A3 ffi ] CSF
(Continuum Surface Force) 1M RACHFR 5K 1, 12 AU 3R TH 5K 71 1E & U ME e
P DXIR A E SRRy, PRI R 5K 0] LA A A R 2URoR

Lm ox'N'o(x-X)dS ~ oxVy

(2-23)
Hortr, 3o, O feREmHK S, o sy o =0.07kg 1 S%, Kkt H i i
%, T RE L
Vy
k=V: == (2-24)
(IWIJ
TEHUESRAREFE kb R T 20 B3 2K B m LA
> .S,
k=-Von=-2=L i
v (2-25)
Hop, Vi RREESTIARL Y RS BT T LR R R AL
2.6 IEFIFRERARER
TERHE R T RAT B B2 BT, HEESE R 16), TEAMEL T
(1) IINEMEES P
b = P pg-x Vp =Vp-V(pg-x)=Vp-pg-g-xVp  (2-26)

forf, PURRBSIERAT (BEAD, HA%TREMREGKESN; VP REBERE

ALy i
(2 FREVESTRTT.

V-t (VU + (VU)'}|= ¥ 11 VU ) 9 (11 (VU ) =¥ (1 VU )+ (VU) -Vt + 1 V(V V)

=V (14 VU ) +(VU) - Vi (2-27)

o7 o0 3L a3 m
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(@) REMMIK, SIS £, FHIMAREE U,

W ITHE(2-26) 227N (2-16) 1, BRI 15 BN AR RS HUE TR 2 1 75 2 (1) e 24 4% 1 07 12
(2-28) (2-29)-
V-i=0 (2-28)

%W-[p(u —UIU ==V =0-XVp+ V- (4 VU) +(VU)- Vg + f, +£, (2-29)

Horb, U Fomiles: U 2oRmig s sty PR mas KR a % P RR
ES GEMBETD: g #REIMMERE; L, FAERIIMERSG o mimi s g
(R HTE:  s Ai i  SHaN f J5 5

2.7 KENE

BT AR TR ) RANS #54J7#%; 36T RANS B prE, 51T
IR k — o SST AR, O TS AIR /9 A i W, RA T VOF J5i%k. X1

BRI, 5 R ek P R, N A U g, 75 0B i R )y R A
ke T — Tk B A4 HI R B B VR A ) 7 R iR P ) i 7 ik
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= sencun 1n0 Tows Uk ARAET R B KN A R AT

B=E BEHE

3.1 BRAFFE

CESHEL” RBUETIE AR LIS o B R AR R S 3 R AR R . B EL
HIE . ANA] AR B 92 ) 7 FE — RV m Ty J7 FR 2, B T2 — Ph AR 7 @ K
fiR IR LT R TV, AR b SR ARAS B ARG i 0 A4 2R o BB 7R SR bR g4l oy
PO B EUSAREOT AR A, E I SR ARAREOT AR AR A B R a6 A AR I AR, I LR UEREFE ]
PUSEI AT TR ERESK . OpenFOAM 2 5 it ik FH B85 =5 B V20 A PR AR R (Finite
Volume Method, FVM) 1141, 1 4% 1Y {42 1] 4 £ 7% (Control Volume Method) . A& X 43 AR [a] B9
B BSOS B HR, AT U, WU RS B AR, R X R A
(RS =il AR 7 T e v g N ot | K Nl 100 S I = 87 B S i T T L
TN TR e S92 [V R, 4 IS O BRI TR BT s 7 R Bk Kl 7 A B BON RSy
SR2H, 7 RELH A A B D A AE A R E A B B (B RS A R PR B T A

[15]

3.2 BfE)EHL
R 1) 55 A R I T 82 ol AT R385 , 77 R 5 S A AT 46 0 2 10

BN 20 74 S T T A M AR B0 o BRI, 7RI I BB T, L 00 2 TP A T A 3 R ]
KRR T,

3.3 ZTF[E)EEEL

% ] () B B B R 20— BB RS BT, BRFR A R, A [ B 3 FILAR R 1
PORIAAR . X e R A I 0 B B B4, ELITT b (R R B i 5o M 1 e 9 T 2 11
B, TR A A BT R TR . RS P R ST A PR R TN
SRR 2 W T R 5 51X ok i 7 6 2 03 L T

& 3-1 FEHER

o9 ol ka3 m



B ot oy Bouws v AT AL B AR AR

P 3-1 By — AN SR R AR o 150 P A T AR AR R oty THER N BT
BB LG AR BT O B,

fVP(X —xp)dV =0 (3-1)
3.4 FIEMEHEL
Pt RS T
%L1V (pUp) — V- (pTpV) = Sy () (3-2)

Hrp: o NE—TKE; apq’jjﬂj“lﬁﬂ?i&lﬁ PRSI, LR BALRIRN ¢ IR, V-

(PU) WA, Fom LR FAA ¢ HUIEE: V- (pTy V) NFERUIN, o TR HERERT
SRR ¢ HIRIZR, To N HUREG  Se(O) IR TR AR ¢ B4 GHR) 3
BUEXS TR (3-2) MAZ AR R B A4 AR Ve RN [R]BE ¢ B t+At EARGY, 15

J-t+At J-VP 8(p¢)dth 4 J't +A J‘VP V- (pU¢)dth (3-3)

:Lf“j'vxrv¢mvm+j““j S, (#)dvdt

A PRAAAR I (1 S I 7 R AR — N AR AR AR ok A5 B — A B BT S & SR AR
AR i

3.4.1 BRI B AL

B T BRI, 75 A SCHUE SR g F2 AR 892 —FrBa SRk A% X (Buler Implicit) &
SEHL o AR U AT DLORIE AR , (HARIRS RS RA — W, XK. M TEEA&E ¢ 7
At I ][] B PR AT 9 5 P AR B @ M p p SRR BEANZE B Ve LR GIIME, 1 H.
FEEp(ERS [ B ¢ B t4+At EoRE R, WIFEG-3)F BB 0] 48

t+At t+at O N
j .[vp Mdth J‘Vp |:J‘t pgdt}dv = p(¢t At _¢;)VP (3-4)
3. 4.2 TR B L
XFFXSI, AT LURYE Gauss B € B, KRR A NGy, AI4S:
Jy, V- (pUDIAV = 3¢S - (pU)r = XS - (pU)pr = X Fopy (3-5)

Hrdr: F=X¢S- (pU)¢ Nl f IR ERE, @ pf U ZESR], Wi3E-19).
3.4.3 FEEUIHI B EL

Sy, V- (PTp V) dV = XS - (pTy V)¢ = XS (pTy) (V) (3-6)
(1) LA R
R AR, - S+ (V)y = Is| T (3-7)
F T L8 T 9 042 o 0 (15 8 T B
(2) AP AL IE

R RE IFAE S A IR AC 0, AT ORI R S e (K9 ) & S #EAT 70, S - (Vo)
BB i AR )

o

010 71 3k 43

p=i
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S-(Vd)e=A-(Vd)e+ k- (V)¢ (3-3)
RS AEIERMBIE

KES, A, ke N
S=A+k (3-9)

Hep, Al d P17,

PIAN 1) B R e 35 = Al I IE 77754 /M2 IR (Minimum Correction Approach).
IEAZ & 1E7%(Orthogonal Correction Approach) LA Az it #45thi:(Over Relaxed Approach) . AR KR
RO A FH () SR g 2 R FH 0 AR B D732 9 ad A sk O =R VE RIS AS 30 B Uk IR 1R A 4y
wmr:

A- (Vo)e = 1Al 4’”' d|¢P (3-10)

RARG-8) A LAEE]: S (V<|>)f_|A|“’N| dl‘""+k (V); (3-11)

Hrp, S pyvenr Lo i A0 22 737 (Central Differencing) 73 ).

3. 4.4 PRI EHL

PRDUEL 1 IR iz 7 FE A JCTE R B RO LI R ER R 0 A B, S HLaTRA
BMIESy (d) B —Mepfi . FEVR BB |, X PRIt AT Ze itk A AL 2R

Sq,(d)) =Sy + Spq) (3-12)
XS (p) FE— NI AAFA P BEAT A
fvp Sp (P)dV =S, Vp + SpVpdp (3-13)

3.5 [EIREIBE KR

IS ERIX ST IER &I (B IRRETD #AT S # G, EHTRE s &7 1%

(2-29) ] LB sl FAR TR, MOZ% AR sl & 75 F2 5 B o X
apUp = H(U) — Vp (3-14)

HAUpZFRHEIT P FAER A OREEE . apMHU) N HERE A KIWME,  HU)
L ETEER 7y S5 —#70 8 IS El 2> (transport part), L5 1 BTSRAETY ST A AHAETT AL
PRI 52 5 Ok R e A 2 s 55 8893 D9 “URHER 937 (source part), ELE T b — I 1 I
53 R He 73856 P DL A R Fe A U500

YT RARRA R NS &7, HU)RE R T

H(U) = — Znan Uy + ¢ (3-15)
X R 7 I B R
V'U=ZfS'Uf=O (3-16)
Ry EINESTE
Up = %J)—:—PVp (3-17)
LTI - P 7T A 36 T A T
Ur= (e — (=) (Vp); (3-18)
ap/¢
E*Nﬁﬁ*%%ﬂﬁiFTHﬂ%@J&ﬁﬁﬁ
H(U) 1
F=s-Ur=5-[(57) - (5;) 0] (3-19)

11 U 3k a3
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@) xEidry
b, - AN y Tosen Ui

= sadhatime ARARTS B BN I MEREH BT
B B-18)fRN(3-16)F RN T 13 3 [ /7 42
1 _ H(U) H(U)
V- (;Vp) =V- ( ) Y¢S (3-20)

(3-20) 5 R e i i b W AT AR A 3.4.3 EPB’JE@&%E}%
AN AT TR AR AR NS J7 FE i & HOE 0N :

2eSe [(i) p] = XS+ H(U)

(3-22)

BN IR, P A R S BT FRAVIAA R BRI . RUORTEIESITFE(3-21) 3-22), #
FEREREAAE—RE, RN AT BREPREE, SO R AR G .

T FRPIRAN A, RSB T R R R TR, e B f#TE (segregated method)
FHE G =AY (coupled method) o X TIX PRI 71k, A UM Y 32 22 BB 2 [R] I SR A 2 X
B H TR, B SR ARG B AN . 17 VER B AR R B, (HI RACR AR AT
HREKR. FHLLZ T, BRI ISR B EAR, Jesh @ WA NE, S35 1% IR 2 A
KA AR AR TR, it 2 UGRAR, AR R e g B 5 s SR PR . ARG
KH T o 8 sk il iR, BARRH 7 H A E 1B 5 %] PISO (Pressure
Implicit with Splitting of Operators) 7%,

PISO HERAIH Issal'l T 1986 F42H, A2 dee v Kimsh i @imEsr, &5
RZE e SO AE SR A s 5 B BN I rp AR 2 T2 N H . PISO BEVEINTR 1 B ANEACE )
WeSORE, SR B — 2T BRI D7 15K KR i — I 2 sh v s, BRSEfEH —
AT A B B DM, SRAR HAE R ) R DB BEAE, AR5 B PR IAE IE, 15 203 2R
PB4 B AN s, JF HRehs SEar st R G R s T AR 2L T R . it B
gﬁg’%y\j:

(L e FRABCER E—WZIH RSB E 1p*, RESESHEOTE, /5304

I 20 (R Su v
(2) FBBED: EXENBIEEY, BEBIEEY . v, REEIMEIETRE, ER

Ep' MRBFEEEIEEY, vl + u)M@* + v)ile g TR, B2 EIEE

fp™ . w* Flv™;

() HZBIEE: KT E—B, & X ZREBIEED", KREZRIEMEETTE,

HElp"”, FHMERE AEIENET13%:

P =p AP =p PP (3-23)
Widp*, "RRE B IEREE I Ry
& 33 FEAB T AT i A5 SCHF fvSolution HT PISO ##43 E nCorrectors F{E K 1K
SE o TN IS IE JG 15 3 B I ME /13 C 40 A FEESR, A] DI N WME AR
B ZIT 5.

=
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Solve Velocity Implicity

”
-

h 4

Solve Pressure Poisson
Equation

4

Update Velocity
Expliticy

End PISO Loop

B 3-2 PISO HiEHER
3.6 FIEHFERIELL TR
SEfEH R I AR TUAV - (pUU), SECEAMMCEOT FEAA R LR . X T
IS AT R E AR EE . FIF Gauss BUS B, V- (pUU) S N
V- (UU) = XS+ (U)e (U)s = X¢F - (U)g = apUp + XyanUy (3-24)
ﬁ\:t‘j’ F, dp> aNi@%EEUEG&ﬁQ
PR R — AN AL SN TV (2-12) [P BEAR , 98 Ja AR R A N Tl e v 5 HE (3-24) HR 1)

ap, ayo

3.7 KEERIZ

LRI LA B, I v DLE Bt f R B R SRR, X ARG 1 H
PAK HABREINAE RS _EI T RE Gt s F2 . VOF 5FE%E) . ANAT R4kl M It 1) 32 R A
WA

(1D WA, BN . AR E R

(2) WIE T

(3) FFUfHEAT I R EAR

(4) SKAFMIA& 12 50 7 FE AN XS A2 308

(5) Rfi VOF J7#%;

(6) FFif PISO THM EL BN EE & /1 RGuIE Fhk 22K s

(7) FEFMASAE B

(8) FFUGB BT A5 (1T 5

3.8 ARE/NG

013 71 343 ;W
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RS SmeRROAL KA TR TRy ARAES B BB AT E AT
ATEBRANE T X RANS 7 FEE AT 508 B HOR M A PRARARE, R 1A FRAR AR

FEA SRR, BSOS FE UL B RS — R YN, 2 )5 KA BRARFE X i is 77 FE bR HE T

RS DUHAT . FeJa 4 1 SRMEE FE R J1RE A 77 FE 1 PISO 532 DA BN i3 SR i

2. B CAER T HUE TR e TR, N33t 32 50l VLCC Hafi i) @17 50l

T, JFH SRR, TR
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= sencun 1n0 Tows Uk ARAET R B KN A R AT

$FUE F 32 FVLCC HEALIRIE CFD HrE 1%

fEAE S, TR 32 i VLCC 78 14kn-18kn i3 T 5% 52 R AR R #E47 7K
BIPEREEE TR . — IR HE 4 NSRS, o BRI R T AR BT T e e E oK)
J7 A RE AL — AN B 4 e 2 B K Bh M REASE LS —, DA S ROEE N S A AL AN S A
36 B /KB M RE L. G =R B 1 e 2 KB 1 RE AL 4 DY .

4.1 FF53%R™
AR LR L RS FE X, s s BUASEM, Ths m B9/
Ct=(Rt/§ pV2S) MBS RHK

Cv=(RvipV2S)  HitEHLD R¥

@4m§w%) JEFH 71 230

Fn (ESehe Fn=\/LgT
Rn HIEHL, Rn=LV/v
S MR

Lyp EIRSLIRS

Lo Bt K&K

B Fify A B

T fif R Ak Rz K

Vi, FRALAAT 3

A SEREATAT (P B

g EEpapiib Y5

k = HRIIEAR A

v B

p Jo B

4.2 fRAEY

AT E AR K & 32 JMEEE KA e VLCC(Very Large Crude Carrier), i
2K Lop N 320m, %IFIZ/K 20.5m, A RERSGR A 40. RS WER 4-1 Fiow,
AR P N RER SN, MENEE TR, B Ly RS REMEmE 41, 4-2,
4-3 FioN



.tﬁu:?

SHACREAL Jazs Tows Ty RRAET BE R B KB BE T E SR
RA4&1MBERE

Table 1. Principle Dimensions of VLCC
%R

ZH ¥ BRREE
N — 40 —
ESAEINS Lep (m) 8 320
WIKZHK  Lwi(m) 8.1498 325.992
nz 7K T (m) 0.5125 20.5
P A% o £ M (kg) 5011.57  3.207*108
MR AR S (m?) 17.9 28640
A Ly(kgrm?)  20046.28% —
B p(kg/m?) 998.1 1025

LA B B RO AR 2 S A A R

El4-1 BAERE

B 4-2 MR RERALE

%16 U1 L 43 T
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REfR T BER BB N MR E SR

B 4-3 AH TR E M AR R A

Bl 4-4 HTTRERe B MR R EALE
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4.3 RIEMRESE

AR DR R RSO 10 71 RE ke L2 AT LTI P58, A B Tl 3 56 2 — ol B (R A Y e Bt
#ro Ekbr BT LR AR DY 2 BB AR TAME S T T M AL S AR, W 4-5.4-6 Pk, &
BT IRNESAT AT T, Lot Gl L T IR eI 107, AR 7 A UL BN () 4-5 T
i, S ANE RIS PR AME B

X B U S RENE CE MR A B, IR R AR IS ) KIRIE S A N,
ARSI Sy, S RENE AL TR, BN RE R Sish, 1T E BT
FEIE BE A B S MR SR AR A TN ST L R R AR RSN, R R R B R
FMERENT I 1A ELUNE T4 PT DASE R e SRR AR, PRI 78, PRARTHR R, AT
FEMARE R RERCR AT A 24 7T R0 B9 RE 28 R ALK (4 7 4 2 T T 5%

Hh L B O TR L TURE T A AN e i o A S AT I e, JF HW R 5.7 5
W BB A REAT L S AR J0IE, UG T B I RERCR,, JF HL T Bt R A /D SR AU
SHAME FE S CFD BUARII T . Korkut!'s! 75 2006 4 @it ST #0808 Lo 4 T 17— £
AN SFEEA RN LR RERCR . T RAE 1994 4F Frieschl"”) g AR T 1 RUZ RN X
PEAMa: T8 T BE BCRAE A o 170 [ P9 A0 i T 8 PR B R D

& 4-5 ATE e SR ERE

&l 4-6 A ERUR TR LR REEE

18 U k43 W



T,
A0 a2 MY
|ﬂ® ’ﬂ' j -
a i g 1 fia

= T s RERRTIRER EKBNAMRETH BT

4.4 THELIRR

P S A S Az s, Rt B — AR AR R . AR R E X R4
FAEbR AR, AARE S AL TR K R S BRI A, x BT E R IT FIR M R, 2z il ik
b, y BIEFE AT dA T A, ] 4-7 B

B 4-7 Mrfkslity R

4.5 HEIR

BT AR REUETHE A B AT S5, BAARRAN Y B3 B e ATl 58 FH 77 %
Wi o FrLLA T A SERIS VR LA, [ABTO2 8 T ISR AR R BUE TS A YA ] S, AR
JRUBE N SR o 38— AN AN 1 RS B S0 S B S L A, 5 SRGILEE, 2B
FARIGERISERE 14kn 15kn 16kn 17kn 18kn FLAMLIE N AEFR K MTUAT BB OLs 28 AN 1T Red
BREGNEAE FRBE, W R E TR —A, R RSB T ATE 16kn T 7EF
AKA AT B G 508 =R 45 DY [ AR AR S AR BT 16kn R PERFK AT I L .
TR TOLUNER 4-2,4-3,4-4,4-5 Fli 7. (ERANUHRIS RS, 5830 5 SE AR TR & 1E
i KM SE R, K FERUE I 20°C YR &, p= 998.1kg/m3. 1M L& LK 5T
17, KIS EEHUE R 20°CIRE KB, p= 1025kg/m3. iHHE AL EMMAZS) (T MM
F2), BALURAMREFIETT .

R 4-2 BH—RIFTH

R sV, Fn fHiZfE%  Rn G H P (kg/m3)
14kn(1.138m/s)  0.126 9.18E+06 fi4] 7€ 998.1
15kn(1.221m/s)  0.135 9.85E+06 [i4] & 998.1
16kn(1.303m/s)  0.144 1.05E+07 li] 5 998.1
17kn(1.383m/s)  0.153 1.12E+07 fi4] 7€ 998.1
18kn(1.465m/s)  0.162 1.18E+07 li] 52 998.1

019 U 3k 43 ;W
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q
iy

S S fing Ton Thnvemsmy RERRTIRER EKBNAMRETH BT

R4-3 BH =W TH
L, Fn fHiZfE%  Rn FHiHL H P J& ( kg/m3)
16kn(1.303m/s)  0.144 1.05E+07 [F 5 998.1

xR 4-4 BEH =W TR
WUE Y, Fn fE3%fE%  Rn HIAEL H A P £ ( kg/m?3)
16kn(1.303m/s)  0.144 2.625E+09 fEl 52 1025

& 4-5 HHI TN

Fn %483  Rn FHIEH H R pi £ ( kg/m®)
16kn(1.303m/s)  0.144 2.652E+09 fEl 2 1025

S =AY SR A TR, i3 Re BUEH R, XF)1710°%, XAERIEAH ]
TR ERE B S 2 I TR AN TSR A ), i EL SR S R ] R AR

A

% 20 U 3t 43
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REfR T BER BB N MR E SR

4.6 ITEMIZ

AT A B MR OpenFOAM . #& (it ) (X % A2 i T 2. SnappyHexMesh A= %
SnappyHexMesh j& OpenFOAM H [ =4EM M £l T H, A STL &0 3D JLATAARE ST
4, AT DLLE SEFEA bl o3 i 7S A S5 A A A, 1% T HL g il i ik AR T kAN AL
AAIUE A B P R R SR AR A B b T, RS R A AR T B, IR R, &S IFTIE
A I 2 TE A BT ) RS L&, X 75 25 AN .

SnappyHexMesh [/ FE U1
. IR R RS TR, fRUES STL RIS, HA—=4EM .
2. #R¥E system/in snappyHexMeshDict 3% W 1%
3. MIBRALT STL B 50% LA AR B R A%
4. tR¥% snappyHexMeshDict "5 SCIRIHINEE X 38338 47 R A%
5
6

[un—

. MR¥E STL R 75 W 4% A
R N iA 5
FERPUAFBI Y, RN —Lyp<x<4.0Lpys 1.5 Lpy<y<1.5Lp,s —Ly, <

z < Lpp, W& 4-8 iR o it 72 B E T ARSI T 50 BEAT SR 0 At Ak, AR A 42 el
VORUTH PO ALk A 3 THT 320 52 PO R R S5 B 2R A, 5 AR SR T AT DA 4 L 5
%, AR ML 5 R N B A T . 4R A% LA SR ) P A 43 A 1] 49, 4-
10,4-11 iR S0 —BEATH S AR B0 200 2.37X 106, B8 — BEASTHERE ) A& $0 2R
3.38X10° A7) = A4 DY 2 et 451 — AN 5451 AR LA TSR THSREAS- B 1, W S K )
A —FEA]

B 4-8 THEI

o211 a3
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4.7 PMEHHELER
A, B AR TR R T 3 R4 v 54 2 4-6 T

Ri-6 HEH—BOF TR FEREARS HHER

Vs (kn)  Vm (m/s) Ftotal(N) Fpm(N) Fvm (N) Ctm Cvm Cpm

14 1.138 46.79 12.43 34.36 0.00411  0.00289  0.00114
15 1.221 53.62 14.43 39.19 0.00409 0.00294  0.00115
16 1.303 62.23 17.67 44.56 0.0041 0.002936 0.00116
17 1.383 66.88 17.43 49.45 0.00407  0.00296  0.00122
18 1.465 75.03 19.89 55.14 0.0041 0.00304 0.00126

4.7.1 PR R CFD HERf P36 IF
A HUE T A B RHENTRISE NS %, AT A S SCIR AR EL, B0 A OB
THE RO R T S . ST RO HE AR I T I 1] 4-12 BT

L P

-

4-12 BB
S B e R 4-T s -

K41 FHI—H R To0 T HEATRRERRE /) L8R

Vs (kn)  Vm (m/s) Ftotal(N) Fpm(N) Fvm(N) Ctm Cvm Cpm

14 1.138 45.41 10.69 34.72 0.00398 0.00305 0.00093
15 1.221 51.69 12.21 39.48 0.00394 0.00301 0.00093
16 1.303 59.02 14.60 44.42 0.00395 0.00297 0.00098
17 1.383 66.13 16.61 49.52 0.00393 0.00294 0.00099
18 1.465 74.84 19.81 55.03 0.00396 0.00292 0.00104
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Vs (kn)  Vm (m/s) Ftotal(N) Fpm(N) Fvm (N) Ctm Cvm Cpm

16 1.303 63.485 18.705 44.78 0.004182  0.002950 0.001232
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16 2.861 1.704 1.157 0.002824 0.001142 0.001682

D. SBIPUAE BT T 00N % TR T e tH A Rk 4-11 P
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Vs (kn) Ftotal (x10°N) Fps (x10°N)  Fvs (xI0°N)  Cts Cvs Cps

16 2.898 1.707 1.191 0.002862 0.001176 0.001686
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F4-13 BHI=5EBIIUE XL
Fps (x10°N) Fvs (x10°N)  Ftotal(x10°N) A (%)
= (A TRe2EE) 1.704 1.157 2.861 -
A (M Red D 1.707 1.191 2.898 1.3
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THE HYDRODYNAMIC COMPUTATION AND
ANALYSIS OF SHIP ENERGY-SAVING DEVICE

Nowadays, the international price of the ship fuel oil and the shortage in gasoline supply are
constantly increasing, making energy saving a high necessity. Ships, as a kind of transportation tool,
consumes huge amount of fuels. The ship fuel cost accounts for the very great proportion of the total
cost of the ship operation, 60% for oil tankers, 50% for bulk carriers, 35% for regular passenger and
cargo ships and 25% - 30% for small carriers according to statistics. Meanwhile, correlative
international organizations drew a series of conventions in order to avoid and minimize pollutions
from ships. Instantly, the international maritime organization (IMO) constantly launches new
specification and treaty and set up EEDI index which is defined as carbon dioxide emission divide
ship transport work to limit greenhouse gas emissions of the ship. Hydrodynamic energy-saving
device is one of the important means to promoting indexes of EEDI and EEOI. The technique of
ship energy-saving arouses and attracts wide attention in ship industry due to its multi-function such
as energy saving and emission reduction. Practical application of hydrodynamic energy saving
device has been actively studied in recent years because of the potential energy savings and the
environment benefits in terms of marine pollution.

Ship hydrodynamic energy-saving device, according to the relative position with the propeller
and its action mechanism can be divided to forward flow pitch controlling and optimization of
energy recycling behind the propeller. The common ship hydrodynamic energy-saving device the
technique of which is mature includes wake compensating duct, fairing, commutating fin, boss cap
fins and rudder ball and so on and they have been made widely available. With the development of
computational fluid dynamics technology, numerical simulation has become a powerful means with
increased importance to solve the problem in engineering studies. Different to the previous potential
flow method, CFD method takes flow viscosity into consideration. This also determines that the
CFD methods will have a broader development prospects than potential flow. Fahri has already
reported approximately 10% saving of the total energy consumption by wake compensating duct
established on computational fluid dynamics techniques since 2007. Similarly, in my research to
hydrodynamic energy saving device in this paper, I also adopt the CFD method to finish the
numerical simulations. The front pre-swirl guide impeller based on the prediction of CFD
performance optimizing is designed in this paper which perform an important function of improving
the flow uniformity in upper half plane of the propeller and the efficiency of hull with the propeller,
reducing the propeller wake rotation energy loss, thus getting considerable energy saving effect
(three percent to five percent).

All computations in this paper are performed by our solver naoe-Foam-SJTU developed based
on the open source CFD toolbox OpenFOAM®. The foundation of computations is based on the
RANS (Reynolds-Averaged Navier-Stokes) control equation which is a widely used method to solve
the turbulence problem and practices a wide range of applications in engineering. In RANS, we will
come across new unknown stresses called Reynolds stresses. Then I utilize the finite volume method
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called FVM to disperse the control equation RANS into several algebraic equations which are easy

to solve. While dealing with free surface problems, VOF method (Volume of Fluid) is applied to

catch the change of the free surface problems which is also widely used in commercial CFD codes.

In addition, the RNG k — @ SST (Shear Stress Transport) turbulence model is adopted to calculate

the 3-D flow fields and the coefficient of resistance, which has resulted in improvement of the

computation accuracy than other models set up before. PISO algorithm is used to solve the pressure-
velocity coupling problem and moving mesh is used to simulate the moving of the tank. PISO has

a great advantage on dealing with the unsteady problems with two correcting steps, which makes

velocity and pressure satisfy the continuity equation and momentum equation better and

convergence faster. The results can supply a necessary reference for a hydrodynamic energy saving
device design. Simultaneously, the study method in this work also gives us a help to study propeller
performance.

Work of this paper focuses on the following aspects:

1. In chapter one, initially, I introduced the significance and background of the hydrodynamic
energy saving device of ship in detail, showing that the study and development of the
hydrodynamic energy saving device is bound to be the future trend in ship industry. Then I
described the study situation on the hydrodynamic energy saving device, domestic and overseas,
which can be the reference of my work. Next I introduced the hydrodynamic energy saving
device in this paper called front pre-swirl guide impeller and its principle of energy saving
concisely.

2. Inchapter two, I introduced the mathematical model for the issue of this paper and why I choose
such mathematical model. The main control equation mentioned before called RANS is carried
out in this chapter and I get basic grasp of the origin and applicability of the equation, that is,
how it is set up and when and where we could employ it. Meanwhile, other mathematical
methods such as VOF and PISO also play important roles to solve the control equation and
obtain the approximate solution. This chapter is regarded as the foundation of the numerical
simulation.

3. In chapter three, following chapter two, the numerical methods are introduced to disperse the
control equation where the concept “discrete” is put forward, which is the core content in
numerical simulation. The finite volume method called FVM is utilized to disperse the control
equation RANS into several algebraic equations which are easy to solve, and which is the
essence of the numerical computation. In the end of this chapter, the process of solution that
how to solve steady incompressible viscous flow field is listed as eight main steps. By this point,
the theory of the work in this paper is over. In next chapters, I will introduce the actual results
in regard to my work.

4. In chapter four, firstly, I listed some critical parameters of the VLCC which is simulated in this
paper in the table and introduced the energy saving device in this paper called front pre-swirl
guide impeller and its principle of energy saving in detail. The numerical computation result is
carried out after the numerical simulation of towing-tank test on a VLCC(Very Large Crude
Carrier)weighed 320 million kg in viscous flows is finished. The ship resistance from
computation is compared with the one from real experiments so as to verify the reliability and
the practicability of the programme; What’ s more, the situation with energy saving device or
not will be compared to analyze the impact caused by front pre-swirl guide impeller.

5. In chapter five, the post-processing software Paraview provided free by OpenFOAM is
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introduced and utilized to extract free surface and obtain such flow field information as
streamline, wake field and velocity vector at the propeller disk and so on. According to the color
nephogram, I complete the qualitative analysis of the energy saving principle by the front pre-
swirl guide impeller. Furthermore, the hull efficiency method is referred to estimate the
quantitative effect of energy-saving. Principle and effect of energy conservation by the front
pre-swirl guide impeller are studied and verified. I found that the testing result of energy saving
effect is more obvious than the computational model because of the scale effect.

6. In chapter six, I did a concise summary of my work and give an outlook to consummate it.
Energy saving device will increase ship total resistance, comparatively speaking, the increased
resistance value relative to the total resistance is a minor factor compare. Energy saving device
has little effect on the free surface wave form. The front pre-swirl guide impeller affects the
ship stern flow field, which produce some interference on the ship stern flow. Furthermore, it
makes the water at the bottom of the propeller disk get the speed increase, improves the local
gradient, keeps the flow field more evenly, reduces both propeller exciting force and noise and
enhance the efficiency of the propeller. The front pre-swirl guide impeller can increase the pre-
whirl degree of the flow, so as to play a role of reducing rotational energy loss in the wake. For
such kind of ships the square coefficient Cs of which is larger, such as VLCC, whose tail line
shrinks severely and the wake of which has great influence, causing thrust minus volume
correspondingly larger, frequently above 0.3, will greatly reduce the propeller efficiency. For
this kind of ships, applying energy-saving device at the stern of the ship will achieve ideal
energy saving effect, thus increasing propeller efficiency. Hull efficiency method requires a
series of estimates of energy-saving effect which can only be regarded as general reference. In
order to get more accurate results, we need to establish the self-propulsion model to get more
real propeller flow field results. The design does not consider self-generated resistance / thrust

of the front pre-swirl guide impeller, which might be taken into consideration.



