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Experimental study on hydrodynamic performance
of two—way propeller in cavitation tunnel
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Abstract: For the influence of cavitation effect on the forward and reverse performance of two—way propel-
lers, the ice—class propeller model test in a cavitation tunnel was adopted to discuss the hydrodynamic effects
of the cavitation number and the advance coefficient on the propeller forward and reverse performance in the
uniform flow environment, as well as the effects of the cavitation number, advance coefficient and ice—propel-
ler spacing in ice blockage environment. The results show that in the uniform flow environment with constant
flow speed and variable rotating speed, severe cavitation phenomenon reduces more thrust and torque than
the increase of thrust and torque due to the increase of rotating speed. In the ice blockage environment with
constant rotating speed and variable flow speed, the thrust and torque of the propeller are affected by the ice
blockage and cavitation. When the cavitation is severe, the thrust and torque no longer increase with the de-
crease of the blockage distance. The reverse performance of the two—way propeller is worse than the forward

performance. The larger the advance coefficient is, the greater the performance difference is. When the ad-
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vance coefficient is 0.7 in the uniform flow environment, the difference of the thrust coefficient is about 80%.
With the increase of ice—propeller spacing, the hydrodynamic difference increases insignificanty. Cavitation

0 5]

more serious, the larger the area of cavitation is, the more irregular the shape of the cavitation will be.

13

is continuously generated on the blades, and quickly collapses when it is separated from the blades. With the

decrease of the ice—propeller spacing, the cavitation phenomenon on the surface of the blade near the ice is

Key words: cavitation effect; two—way propeller; uniform flow; ice blockage; hydrodynamic performance
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Tab.1 Main parameters of propeller

ZH e TR
R A 1 1:28
HA D/m 7.0 0.25
-z 4 4
YRR LY (PID) 1 0.84 0.84
B 1B A A TR BT HA/A, 0.75 0.75
Fig.1 Propeller test model Bz d,/D 0.21 0.21
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Fig.2 Size of ice block and its relative position to the propeller
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Fig.3 Installation diagram of ice block and propeller

model in cavitation tunnel
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Tab.2 Measuring instruments and their ranges and accuracy

&N ES R i
TAEBE S R 40 0~0.3 MPa 0.25%
TAEBOK I i R 50 0~12 m/s 0.25%
UEHE 2 7 T it R G 0~4500 r/min 0.1%

£ 7:0~3000 N 0.5%
KAzl S 1% :0~150 N-m 0.5%
33 0~3000 r/min 0.1%

BH ZEL5 A R B 2% Hhial A7 FE : 0~200 mm /




55 13 A 25T XU DRI OK B 1 Pk RE B 5 73

2 AN TTE

2.1 fE{LAE I
W2 E 2 TF 2 V) 4 A A 6 a0 20036 2 A DLV D), AR AR R 3256 20 S IR 6 L AT iz 8
AR D R ZS 5 T S FEAR LG AR .

(1) JLAr AL
JUARFE AR RULE 1:28 AR AR e S AR PRk 1 SR AT SE ) %) JL AR AH AL
(2) izAHALL
T o 0 W T 2 0 TR A HME T R K, R R K, FHHOK 8805 m, 1 SCPRIEIZ S AL,
T
I=— n
T
ke @
_ 0
K() - pnzDs (3)
JK,
Mo = K “4)
Q

A VRIS K, n ISR EE D O EAR , TR EHE T, Q I e A HLAE . p Ak
(3) At J A
TR R HESL 0.75R Ab XM UT TR 5% K A F5 172 R (0.75R ) 3 Ife 576 1 45, B

P Loyse V2 + (o T5mD)’ L s
P, Lyose N 0.75R AN P TH 5% K vﬁﬁkﬂ’]@lﬂ*ﬁ(”/%%u
(4) Z3 I EAR L
3 2 2 Y FIOR W AR TR G %) R ) IR BEARALL , 7E 3550 i PR A oA It Sl B e, 1 VK B ZE BR T AR
T T B R P, D) 73 3 0t KGR 2 Y B o, RV 3 25 Y R o ARLARL, 2 LN
pP-P,
R
P-P

- 7
. p(nD)’12 7

(6)

Kb, PONE O R S, PO IR
22 RWHR

SHERTE 25 RN R L] UK MR e AR MK DL K vk X R 85E R E 4 AR 42 v R B B2, B 43 AR 34
ST F‘%ﬂﬁkﬁﬂ%ﬂ B b AT A AR B 4R e 2 K 3l ) R BRI
2.2.1 B

7J<zpﬁjwﬂuﬁtﬁuﬁ‘aﬁﬁﬁiﬂa@ﬁ&ﬁﬁ;ﬁi&ﬁ?ﬂ"% AR I8 B v S I, AEA TR AR AL Y K B
WER o 53 T AT I 2Be 2 2he WRTite 26 1) Sl Sk, R i R A 7 1 258 R S B MR T 2 A0 AN [ 2 Y 850 A )
%ﬂ%ﬂ%ﬁ{ﬂ'uio W T 0 R Je 28 AR (o, =18.4) IS LIRS (0,=5.0.2.5) o iRIR N[ 7K 3 V=4 m/s,
DAL A MR B St el A A R R B, T i A5 AR BT A MR A S AL R R R T gk 3
iV



74 FHAA T 2 28 &5 14

2.2.2 VKBHZE A5

TE RIS N Ut i 7 2226 VK BHL FE S AR SR B 46 B, B o DI BHL 224 i 5 MG R A 181 114 Ay 1o 1 T o) A X
7 R K BEL S ) 2 [ ey B 2R 4 SR, i i A F3 HWEARPEERERILE TR
B MU S IR Sh vk BHZEY iz sh , 3% fH2E  Tab.3 Test conditions of propeller in uniform
Yy 5 MR T 2 5 THD AR 0 IAIEE UK BH 2 A BT MR i 2 flow environment
KBl 3P RE IR 2 e 1 A2 7K Y 75 1 264 T, [ T K2 K o, P R R
T BEE K T n=35 /s, YA RE K S FIK 8 K ) ZE 4 18.4
P S R, S I R A e B 50 035 0.40 045
R TR AN TR RS b e (] B 25 W Bk sk 25T 1Y 25 0.50.0.55.0.60.
R ETES S PRE ST S S o 0.65.0.70
A PRI I T 00 s

R4 KPEEINMFERERINGE TR

Tab.4 Test conditions of propeller in ice blockage environment
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Fig.4 Open—water performance of propeller forward driving test in uniform flow
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Fig.5 Open—water performance of propeller reversing test in uniform flow
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Tab.5 Comparison of the difference between propeller reversing and forward

hydrodynamics in uniform flow (%)

K, K,

/ o =184 7.=5.0 o=25 o =184 7.=5.0 =25
0.35 26.02 37.16 34.86 9.99 22.06 10.36
0.4 29.10 32.44 43.12 13.89 16.05 19.37
0.45 33.78 29.74 41.30 18.06 15.97 21.50
0.5 39.21 3575 35.81 22.92 21.36 20.87
0.55 45.50 4137 39.17 28.70 28.59 23.13
0.6 53.38 50.67 49.09 35.72 35.36 30.85
0.65 64.64 61.71 63.83 44.32 41.89 4341
0.7 81.65 82.63 79.98 55.22 54.80 52.85
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Fig.6 Hydrodynamic performance of propeller forward driving test in ice blockage environment
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Fig.7 Hydrodynamic performance of propeller reversing test in ice blocking environment
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Tab.6 Comparison of the difference between propeller reversing and forward

hydrodynamics in ice blockage environment (%)

o,=4.0 o,=2.0
p J=0.35 J=0.45 J=0.55 J=0.35 J=0.45 J=0.55
0.20 19.15 24.98 27.85 24.47 27.38
0.25 21.62 26.06 31.98 22.55 25.89 34.29
0.30 23.01 23.76 33.44 20.74 24.89 32.82
K, 0.40 21.27 23.80 29.10 21.67 23.51 30.09
0.50 22.03 24.34 28.32 22.13 24.84 28.64
0.60 23.83 26.88 30.11 23.30 25.58 29.29
0.70 23.43 27.22 32.13 23.93 26.96 31.10
0.20 6.16 15.20 18.68 12.18 17.14
0.25 7.97 15.49 21.81 10.06 15.66 24.20
0.30 9.27 12.21 22.55 8.14 14.08 22.42
K, 0.40 7.24 11.35 17.36 9.07 12.39 19.57
0.50 7.81 10.48 14.96 9.69 12.82 17.38
0.60 9.92 12.81 16.25 10.71 13.33 17.33
0.70 9.55 13.41 18.33 11.34 14.91 18.95
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Fig.8 Propeller reversing test diagram in ice blockage environment when o ,=2.0, /=0.55
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