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Numerical prediction of wake field for a four—screw ship

LI Xiang', JIA Wei', LIANG Ning’
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Abstract: The complexity of the stern appendage of a four—screw ship and the differences in the spatial lay-
out of the internal and external propellers will lead to the unbalanced load distribution of the internal and ex-
ternal propellers. Based on the CFD method, numerical prediction simulation for the viscous wake field of a
ship with four propellers was carried out. According to wake field distribution and turbulence characteristics,
the difference in wake fields between the inner and outer propellers was compared and analyzed, and also the
results was contrasted with the test values. The study results show that the inner propeller in the turbulence
zone is affected by the hull boundary layer, which makes the axial velocity at the inner propeller disk less
than that at the outer propeller disk, resulting in uneven load distribution between the inner and outer propel-
lers. The flow at the outer propeller is a mixed one of the hull boundary layer and the turbulent wake, which
makes the wake at the outer propeller disk more uneven. The research can provide basis and support for four—
screw ship design and stern layout optimization.
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Fig.3 Computational grid for the four—screw ship
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Tab.4 Uncertainty parameters of the verification study
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Fig.5 Comparison of velocity contour in propeller disc between CFD and PIV results
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Fig.6 Comparison of circumferential wake distributions (in peopeller disc at 0.7R) between CFD and PIV results
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Fig.8 Nondimensional axial velocity contours in propeller discs
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Fig.10 Velocity contours in typical cross sections along the X direction
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Fig.14 Axial velocity contour in longitudinal plane through propeller shaft



55 8 301 B TN R IR R B E RS 1195

3.2.2 L JA 1] A1
T BENE E i LR N AN RAR T 0 22 5, B 1S 28 T R BTN [ AR A A A B e 3
{19 J 1 23 A U BAR R BN -

1.2 —_— Insid_e propeller —=— Inside propeller
H/R=0.3 —— Outside propeller r/R=0.5 —— Outside propeller

VIV,
VY,

1 L
-180 =120 -60

—=— Inside propeller —=— Inside propeller
r/R=0.7 —— Outside propeller r/R=0.9 —=— Outside propeller

09

VIV,
VIV,

0.8 |-

0.7 -

06 ) L I L I ) 06 | L
E 0 60 120 180 -180 -120 -60 0
0/(°) /)

() (d)
PRI 15 2% 1T G f5b 4 o 13 6 D 1) 430 WL
Fig.15 Circumferential distribution of nondimensional velocity on propeller disc

(1) AN AT S 50 05 07 1 X 38 (-60°<0<30° , FR =2 Ry S 2R R X dak , 6 5 UL I 7) 80 H B
) 8 A, 2 S B X I AV B (43 TR 0=—60°F11 0=0°7: 47 ) H B A4 3 1 (A /ML s, T 7E 2 385
M X IR A A | SRS SR B 1 R/ INA AN (], A7 33 R P2 (B P A/ 48 T ok 3 A S XM A 5

(2) 2PHE r/R=0.3 &b , By T A i i 2 2 (M2 e 2
AR 0.1825) , J&] Il 3 FE 43 A 3 252 B 22 dlih A2
FISE B (R 50, PN A 256 A A e 34 S R /NS AR —
B, FURAAAE— ML 0 22 31, T U T A R S 4
BB 22 5, K 16 TR 5

(3) A2 r/R=0.5 b , AN BL T AW S AR 2
(] BT A RS A, 3K 2 T S AR A T 1Y

1 ! |
60 120 180

TP T A2 55T L 19 s 3 AT 1 i 16 R
Y & RS AR 2 Fig.16 Angle of brackets arm

(4) (A RTERY R P4 r/R=0.7 4b , NI FLTH TR T =R BE R/ MELAR, WIET 15(c) , B Y
A/ IMELAT HE BRAE 0=—30°BRIIT , 3202 phy BRSPS TE8 B 7 5 RS 1), 0RF 7 IS ST R i A A VR LR A 5

(5) fESR e B SN FAR4E (r/R=0.7.0.9) , 1 SR DXL SN R A, 03 12 383 KT 1A
RLEZB IV VST RIELL, 3 A R 12 FTE 14 553 BT 4R 2128 52, S A in 8 s ) v R i A 23 3k
AFISNERY SN EAR AL AT G2 T SRS BT3BV, V> 1 RIS B0, TN 258 2 hb T i R IX
32 A 2R DA SRR IR AT B2 SR S A R P DRI B P B T e R N AN



1196 B 2% 5528 55 8 1

33 MBI ESH

P33 118 it BT B e R R Bt AR 0 K KN PR i B 22 R Y 24 S P L Bl R )
kB R Z, Xof 4 S M P BN ) L 2 A A AR A 0 45 T 5 TR, AN B ) R St 2 n ) 2 T g A
RETIBK SR . RS KL B 2 AR AR S 5 R R At AN H 5 i PR 1t T DU 2 i 3, 1 1
WOV Ay 53 2%, — 5 T R4S P BEL A A P 8007 A U 0 S Ak B 3o 8 A e 2 % A 5 il w53 — D T K
TR BE AL I 25 PRUE AR R 52 48 7= HE AN [T 2C I TR S5 480, 10 235 4 B4 A7 A D) 2 1 — 25 R 2 28 1o e 3 1Y)
KSR RIS 5Pk
3.3.1 RAs o HT

P17 9k i Nt B Vs i 5 MR R 1T
PLF - Gk 1) ibs Db 3 Sl 60, 22 50 7 O 0 1) 2 B i, DA
AL 7 0 D A TE ] T U sl s A v, SR
AN Sy, 1T P Bl 2 I 7 109 1 I 1) P R B T
It AR, et ) b o 0k P A AR R AR 2
78 G FR I U, MR AR 7 AR Sl 4, N
Bl 107 W BRI BN, X 2 S BUK TR A AL I R AR P17 SRR I 7 7 R
) EniE . B 1845 W T &t 2l hury i [m) 5 T i Fig.17 Diagram of stern vortexs shedding from shaft jacket
oA, nT LU Y, N SR IRAN b 5 R 1 1) b 0ORE S | S Ak G 1w R D e A T b A
N1 ) AEAE , BE U8 B AL 3237 11 ok sh 34 5, () s 2 1) 109 2 S B0 0 v 1 1 (B 4 R 2B 5 il e o
BRI, T2 2 520 K SCHR R BELR A T, 28 2 T A A Ak i B R X 5, b 0 8 1o o
S AL, 23R N 2 A Ak B AR It A B B AP ARAL X LR T oA A 15 AR AR r/R=0.7 Kb N
AT ISR A B/ IMEL R T A2 A8 TR A AT Y 00 R /D a5 D R

P19 7R 1 MR e 4 5 A5 ThT 1 i 0 A 2= P81 (BT v 3 (0 RTZL (5 M2 200 301 678 1.OR FI10.7R) , 45 2R 3%
B = (1) SZRE TN 52 B2 00, 200 ) B LA R S8 ) J7 B T s A 5 (2) i i R AR DXt BT S

(a) SRR G (b) I\
K18 fRE Lk fi

Fig.18 Streamline map of stern area

-15 -1 -05 0 05 1

y/R - ¥/R
Vorticity (/s)
10.000 48.000 86.000 124.00 162.00 200.00
(a) 4P (b) W%

P19 SRS AT 199 55 HE 73 Af

Fig.19 Vorticity contours on propeller disc



55 8 0] BRRAE . USRI I R M R E TR 5 1197

RJE T AR X I, A 254 5 2% TR 2 AR B B, AR I 8 I Ak 37 B T o Y2 T s T 7
T ARG RN B 5 T, T B AL 3 )i AR PR R BE IR A B B R A A (3) (AR R X T4
A2 R P I T LA R S RS B S A BT, T PR 2 Ak T (1% AR R R I S 1) A B ST /R
=0.7 P4k X 5K 16 s 1 L e A 9 ) it B AR G, PR T P 2 A T A 1) s R A ) L A
e, T 3 B30 2 455 T TR 5 B R X sk A A2 B 8
3.3.2 iR Hr

FHAR IS e F 3845212 L AYPET 0 A, 1T LAGE S b R BRI 3 9 ¥ S0, AR 3 R R AR Ak b 2R 36
ik BB B0 Al e A ) AT AR A (0, (r,0) 00, (r,0) ,o,(r, 0)) =477 ] B AL 43 B0
TR, e oh

0, (r,0)=w,(r)+ iAM (r)| sinnd + (gox)
n=1 L "

©,(r,0)=w,(r)+ iAn,(r)[sinnﬂ * (%)J @

w,(r,0)= w g (r) + ZAnG(r) sinnf + (Qpe)n
n=1

T, 0 BT E n B TR, (@), WAL AR LA, (r) 925 B i IR B RAEL, TS A5 2 .0 or 23531 37 ili ] |
B ESEL

55 14 Ji TTTC 23O A 025 B 181 23 34 A g « SRS g Al i) 00, v 94 1 i i
b SRS, XU B 24 S S MRS AR 3 R R R 5 IHe A, MR SR A g R R ) Ik sl R A R O
Y EZ (k=1,2,3, -+ ) Brid I8 70 B A7 5C , TR @SN 16] 3 A0 16 25 56 ) ok SELIU A5 kZ+1 R kZ-1 B3
P A O, o Z S i o T IR A o B R TR E (9 1% , D /N TR A
TV A3 A b R R k=1 BSOSO Z=5, HAL R B AR 1,45 Rl Fiis i oy i 1A
20 XFbE T NSNS A R A 1.4 5 FT6 [ IR e B FEEESISIT

04

0.0

07 0.3 0.5 0.7 X 1.1
R R

(a) 1B o34t (b) 4 B 7 ik

0.

= 5 order harmonic component bz W% 6 order harmonic componen

005 |- a sh

07 0.9 11 : 03 0.5 07 09 LI
() 5B o i (d) 6 Bk /3
120 PNAME A ) RE 925 B ik I 40

Fig.20 Harmonic components of axial velocity at different r/R of stern propeller
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