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cal simulation under different inflow velocities and angles of the axial water—jet propulsor. The characteristics of
propulsion and internal flow characteristics under different inflow conditions are obtained based on the homoge-
neous flow model, Zwart cavitation model and SST k-w turbulence model. The reliability of the numerical calcula-
tion method is verified according to the grid uncertainty analysis, comparison between numerical and experimen-
tal results and the error analysis. It is found that the flow rate increases continuously, however, the head, thrust
and efficiency increase firstly and then decrease with the increasing inflow velocity. The best performance of pro-
pulsion is obtained at v=5.6m/s. The cavitation occurred on the impeller is slight when the rotational speed is
2450r/min. When the inflow velocity is not less than 8.4m/s, the flow rate increases significantly, which leads to
the reduction of incidence angle. Therefore, the flow separation on pressure surface is enhanced and cavitation ap-
pears on this condition. The increase of inflow angle slightly affects the propulsion performance under lower veloc-
ity condition. However, the higher inflow velocity leads to the substantial decline of thrust, head and efficiency,
which decrease by 13.8%, 13.9% and 8.3%, respectively, when the inflow angle changes from 3° to 7°. The ve-
locity inhomogeneity of each overcurrent component and the turbulence dissipation of the impeller and guide vane
significantly increase with the increase of inflow angle. Moreover, the decrease of incidence angle strengthens the

flow separation on pressure surface. All of those weaken the working capacity and result in a sharply deterioration
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of propulsion performance.

Key words: Water—jet propulsor; Inflow conditions; Propulsion performance; Internal flow perfor-

mance; Numerical simulation
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Fig.1 Schematic diagram of the water-jet propulsor

Table 1 Geometry parameters of water-jet propulsor'

Parameter Value
Design flow ¢,/(m%/s) 0.108
Designed rotational speed n/(r/min) 2340
Designed head H/m 7.12
Diameter of impeller D/mm 149.5
Tip clearance d/mm 0.5
Diameter of nozzle D,/mm 105
Number of impeller blades 6
Number of guide vane blades 8
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Fig.2 Schematic diagram of the computational domain

and the boundary conditions
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Table 2 Grid uncertainty analysis results
Parameter K, K, K, £y £y R Po S c U/ (K, %)
T 0.870 0.866 0.843 -0.004 -0.023 0.174 5.545 -5.96 x 107 5.832 0.730
Q 0.304 0.301 0.288 -0.003 -0.013 0.231 4.177 -9.24 x 107 3.254 1.673
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Fig. 12 Radial distribution of axial velocity component of

the impeller under different inflow velocities

(Streamwise is 0.5)
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Table 3 Performance calculation results of water-jet propulsor under different inflow angles

Inflow velocity/(m/s) Inflow angle/(°)  Thrust coefficient ~ Head coefficient Torque coefficient  Flow rate coefficient  Efficiency
5.6 3 0.909 2.096 0.306 0.761 0.829
5.6 5 0.891 2.097 0.300 0.759 0.843
5.6 7 0.889 2.102 0.300 0.759 0.847
11.2 3 0.594 1.428 0.315 0.963 0.695
11.2 5 0.559 1.336 0.316 0.977 0.656
11.2 7 0.512 1.229 0.317 0.992 0.612
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Fig. 13 Distribution of blade loading at different span of
the blade under different inflow angles (v=11.2m/s)

R T E R VA R A R X DR AR
S, 5N RE AN 5 R B E ORI IR TR SF I A BE
T & = N N S W R T
PEREMI AR fb , o SO T 2, e B MK, R TR
T F) o B2 7 MR 145

1
§=Zflt|v,‘—v/1|dz4 (18)

A g,y aE i B A B AR 0, BT BT dA
Aib R BE v, A AT 7 1

B 14 25 1T v=11.2m/s I}, 3 Fh ok 0 fA B T 4R
S1~S4 13 AN 5] ZECEAREBL . B 14 7], Bl
KU AR RE R, R A S I B AN B A M
JIT 34 I, PE K U G R AR T S 1 I A 1 A T S2 B
AN 5] B 5 A, PE K T G Al B AT R R

i % By it R A S R AR B AT A B, R R
M R A~ 2 PR 4 R P E

0.150 - .
| %
0.125 -, 7
0.100 -
w0075 |
0.050 -
0025
0.000

S1 52 S3 S4
Fig. 14 Velocity inhomogeneity coefficients in different
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Fig. 15 Radial distribution of axial velocity at the inlet of

impeller under different inflow angles (v=11.2m/s)
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