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CFD-based rotational speed control method for contra-rotating
axial-flow waterjet pump

Shen Zhanhao, Pan Zhongyong, Li Hong, Pan Xiwei, Huang Zhenjie
(National Research Center of Pumps, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract: To study the performance of two-stage contra-rotating axial waterjet propulsion pump under
different rotational speed ratios, the fluid flows in a waterjet pump are simulated under different wor-
king conditions by using computational fluid dynamics ( CFD) method, and the relationship between
the performance and speed ratio is established, further the flow structure and turbulent energy dissipa-
tion rate are analyzed. The results show that the performance of the pump depends largely on rotational
speed ratio. Through comparison, the optimum speed ratio for the best efficiency is obtained at diffe-
rent flow rates. When a flow rate is less than 1.0(Q,, the optimum speed ratio can be realized by con-
trolling the front impeller speed. When a flow rate is higher than 1. 0Q,, however, the optimum speed
ratio can be achieved by altering the rear impeller speed. Through an analysis of the velocity triangle
and internal flow field at 0.9, it is identified that the reduction of the front impeller speed is helpful
to low angle of attack experienced by the front impeller, causing improved internal flow field and de-
creased hydraulic losses. These results confirm the method of speed control for the contra-rotating a-
xial-flow waterjet pump is feasible.
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Fig. 1 Sketch of contra-rotating axial-flow waterjet pump
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Fig.2  Computational model
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Tab.1 Analysis of grid independence

N H,/m /%

824 913 9.91 79.71
1028 635 10.02 79. 82
1267 205 10.26 79. 94
1 526 974 10. 42 80. 11
1 845 627 10. 74 80. 66
2453176 10. 82 80. 90
3208 346 10. 84 80. 92
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Fig.4 Relationship between performance and rotational
speed of front impeller

%

I, BRI B E 6 A, Ak
500,700,900,1 100,1 300,1 450 r/min. (& 4 o] 1
EiliTE Q =210 L/s i, BEE B AL g K,
PR HE A, 503 ) S 0/ I 1 K F 32 i s /)
TEFEH 7 1 100 r/min B, %08 i Kl 66. 68% 5 1
Q =270 L/s I}, Bl & R Fe i i oK, it 2%
WG RS, BRI e K5/, TE5E 35 1300
r/min I, R0 E KN 91, 21% .

3.2 RGMBEIEES

e Q =360,330 L/s I, 43 3R IR 946
FE PR T e AT PR, iR S B, iR Pk
PR ) e R S AL, 43 i 1450, 1 500,
1700,1 900,2 100 r/min. #] LLF H  7E Q =360 L/s
B, B TR 2% I 36 i R 1) B2 1, 4 R R 80 50 8 W 3
F, 2453 2 100 r/min B, 5% 85 40% k92 85% ;
TE Q =330 L/s I, Bl E UG M- 48 56 0 K, 1 R 4
FAHBCEALE 1450 v/ min B 0 83. 16% |, b5 1%
N

24 100
—— H-n
20F  ——p-n 90
g16 80 o
RRP 70 T
8 60

4 . . . 50
1400 1600 1800 2000 2200
n/(rmin’')

(a) =360 L/s

241 Hon 100
20p T 90
£16 80
REP) 0
8 60

4 . . . 50
1400 1600 1800 2000 2200
n/(rrmin’)

(b) 0=330L/s

KI5 SRAMREIE UG AR P i 5 R
Fig.5 Relationship between performance and rotational
speed of rear impeller

MEE A 1 450 o/min B, b 55 T3 455 50 B 89
AN M2 6 iz, il LI M- 0 i Al i 5
HABETE R v A IX 5 AR AR BUE IR s FH R
e AR ) D7 vk T LU R A SR 7E 0 > 300 L/
s B, 42 K 0 5 1 2 T DA e 2 1 RO TE
Q <300 L/s I}, 45 1l 15 2 56 1 5 1] DL g g
FRAKAE. R G, 7E S Bm O v, TE /N U A B
B TRUAT DLAR X /0N, T DR VA St N Y 35 T T LA
ARG K.

(933|000



HEREHLHK TR 741t

54532 &

—N=N=1450 r/min
— HgHR
18— KGR

300 360 420

6 R . R

60 120 180 240
O/(Ls")
(a) H-Q

100 — N=N~=1450 t/min
90r gt
80r — VeggntHE g

o 70
< 60
=
" 5.87
40 5.01
30
20 ' : : ' ' %
60 120 180 240 300 360 £ 415
ON(L-s™ £
(b) -0

6 L s i ik i A SR h 2

Fig.6  Performance curves with rotational speed control
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