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Abstract: A numerical simulation perdiction model of cavitation field in oblique flow was conducted based
on the DDES (delayed detached—eddy simulation) to analyze the hydrodynamic performance and cavitation char-
acteristics of a seven blade propeller with skew in oblique flow. The uncertainty analyzing was conducted through
the three sets of grids under the condition of the cavitation number 0=2.024. The validation studies of the VP1304
propeller for hydrodynamic performance and cavitation in oblique flow were presented , and the calculation results
were compared with the experimental results. It was verified that the numerical model established in this paper
has good accuracy. Then the hydrodynamic performance and cavitation characteristics in oblique flow were simu-
lated. The results indicated that the thrust and torque of the propeller in oblique flow were significantly decreased
relative to the axial flow, and as the advance coefficient J increased, the decline gradually increased. As the ad-
vance coefficient J=1.0, the thrust dropped by 82.1% and the torque is reduced by 47.6%. The blade load in

oblique flow changed periodically, and the change rate of the extreme value of the blade load gradually increased
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with the increase of the advance coefficient. In light load condition (J=1.0), the extreme thrust load change rate

was 163%, and the extreme torque load change rate was 100%. The cavitation on the propeller blade in oblique

flow was very irregular. The rotation process of the propeller was accompanied by serious cavitation fusion, col-

laspse and shedding which was an important reason for the pulsating characteristics of the blade load and was bad

for the stealth performance of the propeller.

Key words: Seven blade propeller; Oblique flow; Delayed detached—eddy simulation; Blade loads;

Cavitation characteristics

1 3]

A6 AT T8 U R e 2K K Bl g 1k RE IF 5T Il R R
BF 5 MR e 2 e 1] 3 3 Th RO PERE o TV AE AE R s
Sl B, I R e 2 AR R s AT ) T 0 .
ARHUL T EE 2K Bl ) 1 B8 1Y T A TR S T AT 1
DAVE TR 9 DG B o AH L Tl e O T 00, R I v AR e
A B AR R A TN AR 2%, IR E I 8 AR A B O 1
A, AT B % AT K Bl B g 2, Xk R 2 1 fiE
TR AN o AT A R B U T e A Y R R e
N 235 W0 M RE T U B W sz B A . AR R
Wi 2 1Y 25 MR 25 A8 A9 BN X R L 25 96 Y 5 K G
b e g oo e e ) | D EN O R ) e o
SUHY DK Bl TR 7 23 7 AR 5 Y A3 U R R 30 v E Y
B S MEBE 0 A H o PR 5 R i o R 2 0K 3 )
o3 i 1 BE 728 A ML O 20 0 B R, ] O T I 4R A
PERE S B B PERE BT 4R A BB A

25 0 2 WERE 2 T 9 Y H 7 ), BRI Y A R
LR HIE BB, B 20 th 20 80 AFAR & B R )
12 BT I T FE AR ] A Tz A A T ek
T, WEL T 2 A U T 1 5 T U, BB 2 1 S
REFIRAE N E &A1 K 2D, i AW 24 17 1R
ZEITIIAIR ST SR E SR MR T T R M 1
SO R 2 s ) A K R 5 O R o A B
S 2% W i L L 3 B4R a3k 2 M) T H O B T kv
TR 0 R TR MR A R 0 T B AR ) 2R O i
(CFD) 1 1 UG 3 Y 25 1A B I AT LA by 0 ify b A
LR Y EE G A S W TR 5 T AT A 2 5T AR
S TE 23 IR G B U T, Morgut 55X AN ] 45 £ 45
T (Y W 3 A 9 TR 2 S HEAT T AR BT s B A T
FCM 73 Al 50 7Y o i 74l 1 8 MR i 2 i 25 i 2 25, O F
FAE 25 R 5 45 R v & by SRV R T
Schnerr—Sauer %5 A0 A5 Y X A5 o 22 25 W Re PR E AT T
B E L BUEZ R SRR R Y & R, 7ERHR
T I R E 2 K Bl g P R RE 9 T A R R AR R
Ui B R e K A3 A K ik st T O e AT TS OF 5K

T

B 25 R IEAT T X HE s PR SE 2 T CFD T AT T
AR HH R 2 1) JK Bl T 1k RE I E — 28 A B TR A
JEE 19 500 5 5K SCHR AR Fluent 800 4391 T RHAL
I I R TE K A K B 0 R s R ST RN R AR
A T) R A A T B S 0 4 2 W A % A 2
REHEAT T BB . DL b 3 RO MR8 2 1 12k ik
IFFT , RS2 73 A AR U X8 I A e R R 4R A R A
J7 T B 52 R, 68 T A AP R 2 A s 3 1 e AR A
XTI AR R i A, LR T B0 A I ) R
T2, BAT L KK 3 Ty B WA PR RE , (W E R AT
2 09 BT A5G T HoK 3l g 4 BE 4 1 2 R Pk
Bl Sy fE b 25 PR REBE SEAR 2 o Sy BRSO A
Loy T RO e A D R K S N ) e K
DDES(JE R 7385 163 75 12 ) B0 A3 rb i - i R A
RHHER T e T VRT3 M 4.

2 TEER

2.1 =FIFTE
NGIDER ks LR - 2 iy b e D =)
Jdu,

— =0 1
ox. (1)
TR TOT I B i sy T R R
0 ) Jr,, dr,, dT,
(pu) +div(puu)=——P+ + + + F,
0x ox Ay 0z
a(pv) ap dr, 9t aT

+ di =+ =+ 24+ T4+ F
vipou) Ay 0x Ay 0z !

d(pw)
at

9 JaT JaT ke
+diV(pwu)=—(:Tp+7(9 =+ a"+ 8”
z x y z

+ F,

(2)
Ko p TR u,v,w 8 HARBOT 0 8 4> & p
FRAROITE 1, F L F, F 43 3R iAot = A7 1)
o T
22 imimisEsy
TH A3 A U SR 43 25 308 (DES) i i A 8, DES
AT A ST RE AT XS8R FHORG BB 5 e 1 IR B UL (LES)
J7 0] DA Sk R i B s M A ) R RS K S

210071-2



Fa43% Hisl i

#HoR

2022 4

PG, A 5 WK FH RANS J7 3, ) DA GRUE T 55 K
JEE 1 [) IR DR 2 b B AR B3 i, ORAIE TSR ROR . i
SRR, T WA E BB, R g
HuIF 4 LES BT 5, i iz ) R 5 | AT A ALK
RUBE SEAT R OE , #8 B3I B RUEE Bk i 3t 165 Kt 2 AN
B AR, RO A s T AR B I B RS L
SCZTT 5 REIR 53 85 1 J7 75 (DDES) o
2.3  Schnerr-Sauer Z= {1 EY
Xt 58 7% f) Rayleigh—Plesset 25 £k 5 #Y £ 17 faj fL 15
#| Schnerr—Sauer 75 b 5 | 12 25 A0 AL R AE T 82 b i
BT Z o 28 KA BR800 fniz 77 R a1
Aef) , olpuf)
Jt ax;
A p KRR A A B B, R, 78 AL IS fin B & L R,
TN T T, f, RN A& R R
23 3 A P T AT 4 A
2P —
ﬁ:mep) (4)
o, RR WK B, p, KR A ZERE T, p
TR TE ) p R iR . b 2w 1 A
4 Rl P N SR T K T, 6 TR 2 BRI T
A L 22 2 1 K 7 DA BORE PR B S e e

3 BETEAERERSNT

3.1 HEITERRIIE

BE T B R RY 30 E SR FH B T KT HE g A E B
2 WOH BUE 32 25 Ak R P BE A I 2 0 B 8 IR E 2%
JUAR[ AR T80 A 8 [ 95 2% 3H 7K (SVA) 42 4L 1) VP 1304 12
BER . SRR Case 2.3 T 00 3 56 25 SR v 4 42 )
TRCEH RS R A IR T S 2 10 A5 B B L Y
(BB 0L 45 T b B R B RS TR A i, T DL B
ST HTJIORG B 0 (A AR R DA o A I 2
Jeo 31 N IRE AR R (Y 32 B S, AR S R B
S5 UL SVA ZK M S 5% iz A5 o A O BBUE S b
ke R, A, A BRI I A B, D oA IR E AR, LA
B 1S .

=R, - R, (3)

Table 1 Main parameters of the propeller

Parameter Value
Diameter (D/mm) 250
Number of blades(N) 5
Area ratio A /A 0.77896
Pitch ratio r/R=0.7 1.635
Hub diameter ratio 0.3

Fig.1 Geometry model of propeller VP1304
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Fig. 2 Definition of calculate zone and boundary conditions
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(a) Section X=0 (b) Section Y=0
Fig.3 Sketch of mesh grid (propeller VP1304)
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Table 2 Parameters of grid

Reference Thickness of
Base . . Mesh num-
Mesh size/D size of first boundary b
sue blade/D layer/D o
8.0% 0.8% 0.2% 3.84x107
4.0% 0.4% 0.1% 6.82x107
2.0% 0.1% 0.05% 1.18x10°
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Table 3 Comparison of K, with experimental results

[tem K, AK,
Experimental results 0.123 —
Mesh A 0.1295 5.28%
Mesh B 0.1263 2.68%
Mesh C 0.1245 1.22%
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Fig. 4 Sketch of mesh grid
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Tip vortex cavitation

(a) Experimental result

(b) Numerical result

Fig.5 Comparison of cavitation distribution with

experimental results on pressure side

Tip vortex cavitation

(a) Experimental result (b) Numerical result

Fig. 6 Comparison of cavitation distribution with

experimental results suction side
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Fig. 7 Sketch of mesh grid (Propeller E1619)
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Fig. 8 Wall Y' of the seven blade propeller
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Fig. 9 Comparison of numerical and experimental results
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Fig. 12 Velocity analysis of blade profile in oblique flow
Table 4 Main parameters of a seven-bladed propeller 0.6 T T T T 0.6
Parameter Value 05l -k m axw‘ll flow 14z
o —@— K, in oblique flow
Diameter D/mm 485
' 04F o\ﬂ {04
Number of blades N 7
Area rati - 03f \O Jo3 ¥
rea ratio A /A 0.7 X =
[ ]
Pitch at r=0.7R 0.5 55k ok. ¥ Loz
Hub diameter ratio 0.226 .\O
01F —p— 10K, in axial flow - 101
—0— 10K, in oblique flow
00— s ' ° 0.0

Fig. 13 Geometry of propeller E1619
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Fig. 14 Hydrodynamic characteristics of the propeller

Table 5 Comparison of hydrodynamic characteristics

J 0.4 0.7 1.0
Rate of change of K,/% -12.6 -18.1 -82.1
Rate of change of 10K /% -17.2 -21.3 -47.6
Rate of change of n/% 5.5 4.0 -65.8
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(b)Torque curve
Fig. 15 Blade thrust and torque curve with different

advance coefficient
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Table 6 Blade thrust and torque extreme value with

different advance coefficient

J 0.4 0.7 1.0
T, /N 157.4 129.5 57.5
T,./N 132.6 83.2 -36.2
0,0/ (N-m) 13.8 12.2 7.6
0,/ (N-m) 11.8 8.4 0

(d) J=0.4 in axial flow

(e) J=0.7 in axial flow

(f) J~1.0 in axial flow

Fig. 16 Cavitation shape on suction side
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(a) /=0.4 in oblique flow

(d) J=0.4 in axial flow

(b) J=0.7 in oblique flow

(e) J=0.7 in axial flow

(f) J=1.0 in axial flow

Fig. 17 Cavitation shape on pressure side
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