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Fig. 5 Predicted pressure coefficients distribution versus cavitations numbers of 4383 propeller under condition of J=0. 889

12r b s FEZ:28, Exp(Boswell, 1971)
o CHELS B A S A
r=0.8R
S 8k "
;*f, 0.7 R H E 7,
% 6f FAAIK
aF WAk r=0.9R
ol R AR o, 'WJ-;it-\
00.5 076 D.I? 0.I8 D.l‘) ll:] I.II 1.I2 I.I3
W RES

6 NSRDC 4383 3-8 Flit i ) 4£ 25 A B 7155 5 A0 0
Fig. 6 Validation of initial cavitation inception of both
back and face sides of 4383 propeller

12r " Lot FE4R45, Exp(Boswell, 1971)
A\aldbat B . A S S
10 '\\ 4381 I TR
ol 43833 ( b r=0.7R 43815
r=08R \ 43813£0.7R r=09R
& KA E o, 43814£0.4R \’
& o 4383%0.7R AR E o,
T o] WiES N iR mwﬂt/
\\ 438ﬂ3¥04.’2 0_9""
TR %‘..]__] ________________
%506 07 085 09 10 i |',2 T3

pLaC %)
B 7 NSRDC 4381 il 4383 325 fb ) A= M REAY T4 5 L4

Fig. 7 Comparison of predicted cavitation inception
performances between 4381 and 4383 propellers



768 i E A

A2,
%

¥ # #20%

NG @ﬁ

1000 50 7=3.5 o=3.0

4444444

e 43833 J=0.7

....... 43833 J=0.7,06=2.1 43818 J=0.7,0=30
x 43833 J=0.7,0=3.0 o 4381% J=0.7,0=3.5
----- 43834 J=0.7,0=4.0  + 43814 J=0.7,0=50

o 4383 J=0.7,6=65 —— 43814 J=0.7,6=10.0

8L
[# 8 4381 F1 4383 % 0. 7R #k i & J1 R BBl 25 AL B0 A Ak b 3%

Fig. 8 Comparison of pressure coefficient distribution at 0. 7R
section between 4381 and 4383 propellers

BB 1) A0SR i PP I — 0 R X 28 b ) B A T ) 4
Th i BE MR, L J=0. 7 R, A5 B 7 A A 25
ARECT PN 9 0. 7R ) & 800 A L Ke=s ik
JEA WA 8 i Bl i S L «,.=0.5
Fon NE 8 AT LUE H, AE To 7S A A Zs AL BOH I B
TCAM R (R W g T ) R RO B R TR
i Ak 2, BL0A A A2 b 0 B 25 A 0% 1b Y A2 R b B
BEIRNZN BT LA #E 25 A=) X R Sk v 2 Ae A
i B ok L LR A T AR R T B AR B R AR
A HLURE /)Nt S R 2 25 AW A 5 Dy — T i, )
— B L B I 2 B T ARAL T R e R AR T,
P 8 TET 1 0 A 8 K T B 4 s ) B TS 2 ) A
AR SR,

5 (A0 G e IT = 4L 1% RE B R N

TJ:L%*)?@'J?HTH% € 3 25 A R 15t R S AL

A PR RE R W B B L, 1 — 2D DAH R 3 4 A B 0 B
4 A0 70 800 e A5 ﬂﬁﬂ SRR RE Y 52 ) L O T Ry
BT 4383 AW R , 70 48] 4 70 5 2B 42 T o0, PR
P 8 TET 80 A 72 T B K L X IR A 28 B R LA
SRAR &R o 5 91 2 %o T 5 3T 5 3 DX R B X ) 2 3
B TET Yt 20 1 A £ bE A O B L TR A ADLE] 4 T I
T B3 v 2 b 2 B R ke i B S 1w 4 [ B, AR
@ 2 it B e, 5 At v 1] s DAPRAIE X 2 R
(TSRS B TR ADL B B 4 T, R B AR IE
ERSEALL A0 T 58 SO oy e s 5 O S B AT 4381
4383 PINZIT BB BUE 45 n = 20 rps, 8l 4
n=-—12 rpg?/f%/»\’fil‘l$ n
THEAS 2 S 2 T 42 81 4 F0 58 0B 42 MoK 1k

=—10 rps,

RELLE WA 9 B . NIEL 9 AT LA, 78 o BE £ 4%
DT o 000 A o R i 262 1 2= P 5 2 ) A WK P BE O T
35 S22 681 4k BE WY 1 B . AR A2 2
FEGEM 0. TR #H TS R B RE  IE A
WA P[] P57 S g T R ) TR T 53 Ak FL R £
G Ty R, W 10 s Celn O R A R > A AR —
SE I 17 BN B #5000 A 2 AL B BT LG 5 1M
150 24 B 2 £ 4 st WL ] sF A7 R T R 7 T 3
it A, [] BF o 670 8% 38 it 8 hn s FLAE | T | KA R
B A A (B S LB R A 11 R
TS o T R 90 8 1) T 4 A R A3 Bt G2
Toas s ALtk e 2 e, 11545 B 4383 K IE 4
B A R 3 e, 00T a0 g D T R O TR A ] 1) oF- 3
IR AR S A AR AN 12 PR B 12 T = %
Feim A& B 12 BT RUE S 2F U I 2
X EZAEPTF 0. 3R~0. 5R X [a] , {HIT 2 ¥ 1l 37 51
I X H T 0. 4R~ 0. 9R X[, fifi & 671 208/
St e SRR 0 R 90N HL U B T AR 1 1) A9
P 5 U0 5 A T AT R /N AH — B, R R S AR N
HhRE A3 AN Ok A T R A3 A1 5 e AR 0N {H R
25 Ak 2 i AT A I TR SR O S O /), LA Bl o
E(’& NGB S (E DG i RS i == T S g i
U5 3 A% B B 2 AR B G i 4 A R R B 2
0 R B A A AR AT Tl ) R T AR 1) O3 A B
U Rl G X, L i A A v 6 B — B, EE
WA TR 0. 5R A 0. 7R AL 1l 2 4 A, I8
H%*Eﬁﬁfﬁ%io TR MR AL
— LIRS B 4383 A8 A0 B SR 4
WL/JJLE*[I%{MLEE"JE] [i] - 34 38R VR AR ] g A
K13 FR B 13 () R R LT 1 (= — =)/ R=0. 25,
VRIS (2 — %) /R=—0. 45, 3 ¢ i 1 75 (= —
2)/R=—0.64. & 13(b) Fr/n it R 5 & 12 fr
e B 13 B 2B A H R J=—0. 5 i, i i
F2 LA B 2R [ AR AR AN ] 14 Fr s o NIET 14 7]
DLt o 80 42 I 2 g T 2 X AR R T 0. TR R
17 LA b PR AL . ELBE A T 43 08 i A 1 1) S0 S 5
F 2 Vi T R EE 3 A ) S0 PR (R A A )R A
o DX A5 T AR 1) 43 A ) Bl 1) R A AE U s
DX, LB 571 28038 i, — U DX 0. 4 R 18] A1 B
2 0.6RA4b, “UMEE X 1 0. 7R [ 4MiF B 2 0. 8R
Ab A BB A SRR BRSO o 0 AR
T B 5 0 0 S WA S A5 00 A8 RT3 AR O 4 1 32
BRI M 78 i 5 O T S 0 ok B ol i 4



#54 MET L F MAE R R R R AT DA R 769

55 TR R 1T AR A 3l o0 S 1 A B AR P XL HL
PR3 ST AZ R B B 28 800N T R AL D 1) 1)
R AT R b i I bk 3 e 4R P X o R
Y (4 2 U TR T SR U D 1) 1) Ui R A Ak A
5K ) A R AN R TR R A T i 1 R B ok

09r ®  NERDC4IEIE K, RANS
B NSRDC43EIEE_ 10K, RANS

08k -~ ©  NSRDCAIEIH K, RANS
s Y o~ O NSRDC43EIFE 10K, RANS
= 07F L NSRDC4383% K, Exp
F- LY — =—=NSRDC4383% 10K, Exp
2 NSRDC4381% K, Exp
'g\l 0.6 — — —-NSRDC4381% 10K, Exp
= 05F
% 04r
e 031
E 02

0.1F

0.0

1 1 L 1 L L 1 L ]

0.25 035 045 055 065 075 085 095 1.05 1.15
HEE R EL T =v./(nD)

(a) IE#%

(a) Aheading

Lor 4 NSRDCAIEHE K, RANS
& | B NSRDC433%E 10K, RANS
2 09F-— o ©  NSRDC43S13 K, RANS
= L S O NSRDC43EIE 10K, RANS
08 el SRDC4IIR_ 10K,
% o7} e
: —- S NSRDC43SI% K, Exp
2 06F ~— s S -——-NSRDC43SI¥_10K, Exp
= o5t ~—_. o
04 -
< 0
= 03
[ S
= 02 e
g 0.1
00 1 1 1 1
0001 02 03 04 05 06 07 08 09 10
PEHE R T=-v./(-nD)
(b) %
(b) Backin
02r gx\ .
> a4t Y oan aaa
gﬁg 0.4
& -06
We
08
R -1.0
>y # NSRDC43EIE K, RANS
I 12 W NSRDCE383% 10K, RANS
g - © NSRDC4IBIH K, RANS
N{‘ O NSRDC4381% 10K, RANS
= -LaF NSR n(:-iw;:hx, Hecker towtank Exp
NSRDC4381%_ 10K, Hecker towtank E
& -6 A NSRDC4IBIH K, JL-,.,.:; |Tn:-?1‘:a:p :p
o + NSRDC4381%: 10K, Jessup munnel Exp
-1.8 1 1 1 1 1 1 1 1 | 1 1 |
-1.2-1.1 <10 09 08 07 06 05 04 03 02 01 00
e R ELT=v./(-nD)
(c) BRaf#
(c) Crash-backing
B9 NSRDC 4381 Fil 4383 3 MUK PERE 5T 5 thix
Fig. 9 Comparison of open water characteristics
between 4381 and 4383 propellers
LIF @-z)/R=02s T J=0.7,0=3.0
1.0k J=0.7,0=2.1
’ J=1.1,7=1.0
0.9F J=1.1,0=0.5
0.8
~ 074
T (6L m—r=0.7
J=0.889
058 J=1.1
0.4} o J
03} .. o ’
0.2 A3 L s )
0.9 1.0 1.1 1.2

Val Ve,

L T AH 2 ELIB B TR0 G0 AR S T 1 X A7
T 0. TR Ab AE T B i 0 B X AT 0. 9R 4k,
B A 0 8RR /0 o R T o o VR B R S R T e 5
JE 5 ok i 2 B2 5 1) AR [R] L (H R IR AT AE 0. 9R b 32
I3 T [0 3 o S FH B

357,
X : f "..:I:IIB
25t | AN i
A= ¥ e My o 2T S y(m/s)
Lsh » EFJ=LLEFJ=LLEFRS=07, E£J=07
SR X a=0.5 a=2.1
o " "xx¥¥8xI'!'6K3#§§;ﬂgxxxxxxxxzxxx*x)‘xxxxxxxx
osh ;
0O T T T
0.5

mmsansasssscsesecese ccscsasasosgisasnaneas®
25k o E#EJS=07
*®  EFEI=07,0=30

x

X

xXXXKXK)(XXXXXXxXXxxxJ(xKX -
s o EEJ=07,0=2.1

35K zle 7T =0.889
-—--IE#J=11
+ [F#J=11,0=10
45t o E#J=1.1,0=05

B 10 NSRDC 4383 3 IE =32 0 0. 7R #1 & 1 22 5053 A

Fig. 10 Predicted pressure coefficient distribution around

0. 7R section of 4383 propeller with aheading

%I =05

|t S

_5 e
-10F
sk ro(anss)
J=-0.7 J=-0.35
20- B4/ -0.5 . EaEs-07 "
+ Bafl4s=-05 ----fFH%EI=09
%S =0.7 e SR T =209

11 NSRDC 4383 3 A1 2 2 B A1 0. 7R #1733 A
Fig. 11 Predicted loading distribution at 0. 7R section of 4383

propeller under backing and crash-backing conditions

LIT (z-2)/R=-045
1.0} ~———mg®

0.9+ AN
0.8} AN
0.7}b Y
0.6F o &
054 o 9
0.4} s 4
g-j'j.&ﬁmﬁ“ ¢
08 09 10 11 12 13 14 15 L6

Val Ve,

riR

B 12 4383 3 1E 42 Hef b 37 18D R SUT B8 30 1R ) i S 249 3 8 4 A

Fig. 12 Predicted circumferential averaged velocity on incoming and near-wake cross planes of 4383 propeller with aheading condition



770 it '5 4 % % R %20%
————— J=0.5_iT kR == =J=-05_FIEHim
o o J-0.5 iEiki Lop e o J=-05 I
0.9 J=0.7_JEHi 09F 7o J J=-0.7_jkili
08 G o —— il J=0.7 ik 08 lo Joreeeens J=-0.7_JE R
J=0.7_imki i ; | +  J=-0.7_ il
e 0.7 Kj’:t‘ ............... J=0.9 JEHH e 0.7 L 2 U . T W S J=-0.9_ i i
~ 0.6 &+ < 0.6F o\ L= J=-0.9_iT it
o5k ixd 05k el \ X J=-09 JEIEii
04F x - 04f o | '
g se—-J=09 ]
gi o X =09 Mk g; ° ! '
010 11 12 13 14 1516 1.7 18 19 20 21 TS -1.0 0.5 0.0 0.5 1.0
Vavel Va, Vave / Vi
(a) 4 (b) BEAE %

(a) Backing

(b) Cross-backing

P 13 4383 JE VAL 1hT A1 P2 I 1T ] [ o 249 3 B 20 A

Fig. 13 Predicted circumferential averaged velocity on incoming and wake cross planes of 4383 propeller

11 th i

B 14 4383 HEAMAEELR J

6 4 it

i X NSRDC 4383 il 434 2 25 Ak i 4 1 il
T3 T AR DA B s A A 1 R R B A BT L 15
B TP R X RN (] =0.5~0.9), 412
JHE 2 1 25 TN 5 280 A2 oK PR RE 3 JC W B R e L (H 2%
BN e i A N R e W [ W v
BOT L MAEX HE T3 A0 7 A 1P AR X T W I R
15 B RV RS R85 fil B b o MR e 2 2
P A M R 5 ZE I R — 2 i) B AR 2 BB R e B e
$ R I L Tk 2 f RN iR A R R X A A R T
Sl 1 A A AR R T 5 0 I S Ak N S Ak AR
T8 R HE Mg .

2 % L 1k (References) :

[1] Cumming R A, Morgan B, Boswell R J. Highly
skewed propellers[J]. SNAME Transactions. 1982,
90.:98-135.

MImT L EREREE. BRR TN AGFEF 2
oSk o A8 A7 [T ], B 508 K 5 4R, 2012, 46
(3):410-416. ( YANG Qiong-fang, WANG Yong-
sheng. ZHANG Zhi-hong. Determination of propeller

(2]

cavitation initial inception and numerical analysis of
the inception bucket[J]. Journal of Shanghai Jiao-
tong University,2012,46(3) :410-416. (in Chinese))

MG, EAREGRER. Y HRATERRETHK
HAMeFal]l. KD AFHRTE R AR,
2011,26 (5):538-550. (YANG Qiong-fang, WANG

[3]

(4]

(5]

(6]

7]

(8]

[9]

L i AN HE

g

Ve Ve =—0.6 {8 T

0. 5 I i3 B[] I A A1k

Fig. 14 Simulated vortex ring re-entranced streamlines under crash-backing condition of J =— 0.5 with heavy loading of 4383 propeller

Yong-sheng, ZHANG Zhi-hong. Effects of non-uni-
form inflow on propeller cavitation hydrodynamics
[J]. Chinese Jowrnal of Hydrodynamics,2011,26(5) ;
538-550. (in Chinese))

Mgy, B IR EE. ok Rt A @ 2 A
BA WL R E]] A FEIRFFRARAF
#8),2012,31(12):1401-1407. (YANG Qiong-fang,
WANG Yong-sheng, ZHANG Zhi-hong. Improve-
ment and evaluation of numerical model for viscous
simulation of cavitating flow around propeller blade
section [J]. Transactions of Beijing Institute of
Technology,2012,31(12) :1401-1407. (in Chinese))
Singhal A K, Athavale M M, Huiying Li,et al. Math-
ematical basis and validation of the full cavitation
model[ J]. ASME Jouwrnal of Fluids Engineering,
2002,124:617-624.

Boswell R J. Design, Cavitation Performance and
Open-water Performance of a Series of Research
Skewed Propellers, Report No. 3339[ R]. Washington
D. C. :Naval Ship Research and Development Center,
1971.

Lindau ] W,Boger D A, Medvitz R B, et al. Propeller
cavitation breakdown analysis[]J]. ASME Journal of
Fluids Engineering ,2005,127:995-1002.

Lindau J] W, Moody W L,Kinzel M P,et al. Computa-
tion of cavitating flow through marine propulsors
[A]. First
Propulsors. Norway[ C]. Norwegian Marine Technol-

International Symposium on Marine
ogy Research Institute,2009.

A IR Iy AR R B e e ik B B AY BOAR TR A 4 AT
[D]. ##% T4 K %,2012.



o
o
&

MEET s WA R B E R M=K H R 771

Effects of skew and load on propeller non-cavitation and

cavitation hydrodynamic performances

YANG Qiong-fang”', WANG Yong-sheng', ZHANG Zhi-hong’
(1. School of Naval Architecture and Marine Power, Naval University of Engineering, Wuhan 430033, China;
2. School of Science,Naval University of Engineering, Wuhan 430033, China)

Abstract : Effects of skew and load on propeller non-cavitation and cavitation hydrodynamic performances
were presented to quantitative analysis of the effects on cavitation inception speed. Exactly, the cavitating
breakdown performances,cavitation inception characteristics,and the forward, backward and crashback-
ing open water performances under non-cavitation conditions of both NSRDC4381 no skew propeller and
4383 100% skewed propeller were simulated with improved Sauer cavitation model and modified shear
stress transport turbulence model. Results show that calculated open water performances and thrust and
torque coefficients versus advance ratio over a range of cavitation indices for both of the two propellers
are all got successful validation against experiment. The effects of skew on forward and crashback open
water performances and cavitating breakdown characteristics are negligible over the range of moderately
loads (J=0.5~0.9),but substantially declines the backward performances. Under heavy and light load-
ing conditions,the skew can both elevate the inception performances significantly. Given the skew, the
load will directly influence the wake turbulent velocity fluctuation and vortex center,and the axial velo-

city streamtube shape,so to the non-cavitation and cavitation propulsion performances.

Key words: propeller;cavitation initial inception;thrust breakdown;skew;load

(B 752 )

Analysis wave-like disturbance of coupling vibration characteristic of HVAS droplets

CHEN Bin", LIU Ge

(Engineering Research Centre for Waste Oil Recovery Technology and Equipment,
Ministry of Education,Chongqing Technology and Business University, Chongging 400067, China)

Abstract: Vibration characteristics of molten metal droplets are the decisive effects to performances of
high velocity arc sprayed coating,but it is hardly to test the dynamic action of liquid droplets owing to
the limitation of experimental technique. Though it established the sprayed gas and liquid droplet cou-
pling vibration system of equations based on wave-like disturbance,numerical solutions for the governing
equation,a fastest-growing wave number is derived. Comparing of predicted fastest-growing wave num-
ber and data of Bradley,the deviation within the+2% limits,its efficiency is validated to the gas liquid
droplet coupling vibration system of equations. Using the coupling vibration system of equations, ana-
lyzed the effects of different gas type,different gas velocity and different molten metal type to vibration
characteristics of HVAS droplets. The results show that N, gas is better selected as sprayed gas,adhe-
sive strength of the spraying coating increase with an increase in the gas velocity,thereby provides theo-

retical evidence for choice of spraying materials and control processing parameters of HVAS,

Key words: HVAS droplets; wave-like disturbance; coupling vibration; vibration characteristics



