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Abstract: In order to establish an effective method to predict cavitation characteristics of the seven—bladed
propeller coupled with heave motion, a numerical simulation of cavitation performance was conducted for a sev-
en—blade propeller with skew impacted by coupled heave motion using RANS method. Then the effects of heave
motion of the propeller on its cavitation performance are analysised. The coupled heave and rotate motion of pro-
peller was fulfilled using user—defined equations. The heave motion was simplified as a simple sinusoidal func-
tion. The overset grid approach was used to transmit physis and mesh information in the unsteady flow field. The
validation studies of the DTMB 4381 propeller for unsteady cavitation flow are presented, and the calculation re-
sults are in acceptable agreement with the experimental results and observations. The unsteady thrust and torque
coefficient in different heave motion period were analyzed. Also, the cavitation performance of the propeller was
recorded in time. The results indicated that the unsteady characteristics of thrust and torque coefficient was inten-

sified due to the heave motion and it also leaded to the non—uniform distribution of cavitation on the propeller. A
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smaller heave period results in a severe unsteady characteristics and non—uniform cavitation distribution. The

thurst and torque coefficient and sheet cavitation area change periodically and both the change cycle is one-half

of the heave movement as the heave period is small. The minimum area of the propeller cavitation is about 17%

higher and the maximum area is about 57% higher than without heave motion.
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Fig. 1 Sketch of overset mesh grid
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Fig.2 Definition of calculation zone and boundary

conditions

Table 1 Main parameters of propeller DTMB4381

Parameter Value

Diameter D/mm 304.8
Number of blades N 5

Area ratio A, /A, 0.725

Shape of profile NACAG66 a=0.8

Hub diameter ratio 0.2
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Table 2 Parameters of grid

Item Base size Reference Thickness of first Mesh
size of blade  boundary layer number
Mesh A 4.0%D 0.4%D 0.1%D 1546358
Mesh B 2.0%D 0.2%D 0.05%D 3165897
Mesh C 1.0%D 0.1%D 0.025%D 6502315
Table 3 Conparison of K, and K, with experimental results
Parameter K, 10K, AK; A10K,
Experimental result 0.2890 0.5560 — —
Mesh A 0.2805 0.5505 2.94% 0.99%
Mesh B 0.2819 0.5514 2.46% 0.83%
Mesh C 0.2833 0.5529 1.97% 0.56%
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Table 4 Main parameters of a seven-bladed propeller

Parameter Value
Diameter D/mm 485
Number of blades N 7
Area ratio Ap/A, 0.7
Pitch at r=0.7R 0.5
Hub diameter ratio 0.226
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Fig. 6 Diagram of the propeller heave motion
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Table 5 Calculated results with no heave motion

[tem Calculated result
K, 0.139
K, 0.0291
Sheet cavitation area/m? 0.055
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Fig. 7 Time history of thrust and torque coefficient with different heave motion period
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Fig. 9 Hydrodynamic analysis of blade profile with heave motion
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Fig. 10 Cavitation shape of typical movement moments (7,=0.2s)

(¢) 0.75T, (d) 1.07;



Fars H2M W5 THILIZ Bl 9 -E i I Ak 2 e e 2 Pk RE BT 52 467
| I o i
Volume fraction of vapor 0.00000 0.19857 0.39714 0.59572 0.79429 0.99286
(a) 0.25T, (b) 0.507, (¢) 0.75T, (d) 1.07,
Fig. 11 Cavitation shape of typical movement moments (7,=1.0s)
0.10 0.07 0.15
£ £ L7 RN 1010
.8 2 ’ ¥
£ 008 |- g 006} 7 N 1 005
> > \
5 = 8 ‘ \ £
;g % E Y 1 0.00 %
2 0.06 2 005} \ 1 -0.05
5 5 R
[} [ N
< 5 N 1 -0.10
0.04 0.04 0.15

(a) Area of sheet cavitation (7,=0.2s)

10 1.1 1.2 13 14 15 16 1.7 1.8 19 2,0_
t/s

(b) Area of sheet cavitation (7,=1.0s)
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