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Three-dimensional hydraulic design of axial waterjet pump

CAO Yu-liang, WANG Yong-sheng, JIN Shuan-bao
(School of Power Engineering, Naval University of Engineering, Wuhan 430033, Hubei, China)

Abstract: By using three-dimensional design method based on circulation and computational fluid
dynamics, the effects of blade number, blade circulation center position and blade trailing edge
circulation on rotor performances were studied., the influences of leading edge circulation and
trailing edge circulation of stator on axial waterjet pump performances were analyzed, and an
axial waterjet pump with high efficiency and good cavitation capacity was designed by controlling

the factors properly. When the flow is 56. 2 m* « 57!

, the head, power and efficiency of the pump
are 35.9 m, 21 465 kW and 92. 3%, respectively, so the properties and efficiency of the pump are
high. Analysis result shows that increasing blade number is effective to decrease single blade
torque, when blade number increases from 5 to 7, single blade torque decreases by 21%.
Circulation center moving closer to trailing edge is beneficial to better cavitation performance of
rotor, when circulation center moves from 3/10 to 7/10 of blade string length, cavitation area on
rotor suction side decreases by 80%. The slope of rotor trailing edge circulation affects rotor

efficiency, when the slope changes from 0.8 to 1. 2, rotor efficiency increases gradually. Rotor
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head and rotor power almost increase linearly when trailing edge circulation ranges from 0.4 to

0.5, rotor head increases by 19.9%, and rotor power increases by 19.5%. Pump efficiency

firstly increases and then decreases with the ratio increase of stator leading edge circulation to

rotor trailing edge circulation, and the efficiency is highest when the ratio is 0. 93. Stator trailing

edge circulation has effects on pump efficiency, outlet non-uniformity and outlet circumfluent

energy, when stator trailing edge circulation is — 0. 05, pump efficiency is highest, and outlet

non-uniformity and outlet circumfluent energy are least. 4 tabs, 16 figs, 20 refs.

Key words: marine engineering; axial waterjet pump; computational fluid dynamics; three-

dimensional hydraulic design method; circulation; blade number; cavitation
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Fig. 6 Circulation distributions along streamlines
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Tab.1 Effect of circulation on rotor trailing edge
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Fig. 13 Circulation distributions on stator trailing edge
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Tab.2 Pump performances with different circulation distributions

Eikda MR/ % AR E | A EmEshEe/T
i 90. 57 0.032 6 1134
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WO E e 5B O Emsite E 400k
¢= S| vV =D7aa (5)
Q
E = [Vidm 6

A Q Ot s Vo O i M 5 4 Al 1) 3 B 5 U Ol
HH TR B 118 1 250 el 1 5 A D SR T TR AR
Vo D9 2% IR T 008 Jo] 1) B E 5 o O S T JRAR
Y I

4 CFD it&EFAZEHWIE

R EUE CED #3736 W vl {5 o 15 T B Ah 3
M%7 FFE 1 TR 9 % S [ 2 O Sl o 2R L g i o TR
T A LA LAY DL 1] 14, H i AR 710 mm, i
BEHN 6, T EH N 11, 7 CFD i 5 2w, nf
B TE GE RS B 20 7, S B GE A% B0R
TSI MRS B2 R 300 JT . 38 0k N A 1)
A A H RE I A JEE B S AN O 1 S BN T 200, R
FH SST it g7 465 0, F 10 152 Oy b RS M 38 oK i I
R RILE 3 FHHE NIRME DRI R IREY
NF 1%,



48 X O# B W

I £ ¥ R

2015 %

P 14 TBE KA 2 3R g 2 LA A Y
Fig. 14 Geometric model of mixed-flow waterjet pump
*x3 NEHEER

Tab.3 Computational result of power

3/ (r e min~ 1) | 700 800 900 | 1000 | 1100 | 1200

PRI E/ kW 1129 | 1693 | 2404 | 3309 | 4389|5703

HEDE/KW | 1122 | 1681 | 2394 | 3279 | 4357 | 5649
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Tab. 4 Performances of designed axial waterjet pump

R/ (m® e st | B /m B/ W | RECR/ %
57.0 35.4 21 522 92.1
56. 2 35.9 21 465 92.3
55.0 36.4 21 347 92.1
53.0 37.2 21 130 91.6
50.0 38.2 20 808 90.0
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