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Multi-conditions Optimization of Mixed-flow Pump Impeller
Based on Variable Circulation Design
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Abstract: Due to the frequent changes of external operating conditions, the mixed-flow pump usually
operates under non-design conditions. Therefore, it is of great significance to carry out multi-condition
optimization research to improve the mixed-flow pump operating efficiency. On the basis of verifying the
accuracy of numerical simulation by experiment, an optimization system consisted of the circulation
method, experiment design, response surface model and the optimization algorithm was used to
optimization design the mixed-flow pump with a specific speed of 511, and the influence of each design
parameters on each optimization objective was analyzed. The blade loading, blade trailing edge lean angle
and spanwise distribution of impeller exit circulation were selected as design parameters, the pump
efficiency at 0. 8 times and 1. 2 times of design flow were selected as optimization objectives, the pump
head at design flow were selected constraint. The results showed that the spanwise distribution of impeller
exit circulation had a great influence on the performance of the mixed-flow pump and should be carefully
considered in the optimization design. The blade loading at hub should be fore-loaded, the blade loading
at shroud should be aft-loaded, and the spanwise distribution of impeller exit circulation should increase
gradually from hub to shroud to further improve the optimized mixed-flow pump efficiency. The pump
efficiency of the optimized mixed-flow pump at 0. 8 times, 1.0 times and 1.2 times of design flow were
81.11% , 88.38% and 80.56% , respectively. The pump head of the optimized mixed-flow pump at

design flow was 12. 33 m, compared with that of the original model, these efficiencies were improved by
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0. 63 percentage points, 3. 18 percentage points and 6.72 percentage points, respectively, the pump

head fluctuation was also less than 2% at the same time. Therefore, the optimization method based on

full circulation control was effective and can provide a reference for the same type of rotating machinery.

Key words: mixed-flow pump impeller; circulation method; variable circulation design; multi-condition

optimization; hydraulic performance; local sensitivity analysis
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Tab.1 Design parameters of original model

WH R/ (mPes™")  0.4207 || #:58/(r-min ") 1450
Wit/ m 12.66 || M H % 4
4 H 42 /mm 320 ERE 511

FEH RSP SR SR E G A S B
R NTES A S INU Sl =9 o TR NV G N
1R 1T Ak VP 35 7 1) 34 i 0 A S 98 N 4R 2k AR T
ol TR 9 O 1) R A A S R BB R A AR . AR SO
PEIRRE BT B A AR R, e SR
P4 5 SR AR A5 R — S50 H A A Akl B o A LR AT AT
] BE L

FEAHIEZE b, 5 0k 11 Ak B Bl R L
I 30 11 A2h 375 3 TG 900 3K — fBCi , T A 11 Ak 3R
543 A )R 78 B o 4 ) DA T LA R Ak ot R o
B . H AT, A A IR Oy U Ltk
AR AL R 2 R AR A W R B A0 Sk (19 ], J5 &
SCHR[20] . AHEGF AT, J5 & A 5 KA AT RE kA
IERAR 25 R AR O Xk TR A AR AR
S0t 22 HLU B A b A 43 A E AT N TR Y Y Ji)
R 38 7 A5 B0 b 3t R B T R K 11 e ) L e ¢
SERR T N R AR, H ik, A SCR X
k[ 19 ] BT ik 2 M 3F i fs il 0k, Ho o A B X il 2
RS S H R K Yk br R st oV,
(M8 5 G A 36 o, r R IH 48 10 1 50 4 b
1,V om0 R A ) ) AT R 4 Ak

Je B BREE 5 AR AR 2 s I Ak B A ) A 2 0 I
— AR, Horp 0 R B #

0.4 0.6 0.8
I Y AR R

P2 AR 3R DT [ B A

Fig.2 Impeller outlet spanwise circulation distribution
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Fig.3 Loading distribution at streamline
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Tab.2 Design parameters

Ly, -0.2~0.2 Ly, -0.2~0.2
Ney, 0.1~0.3 N, 0.1~0.5
K, -2~2 K, -2~2

Nopp 0.3~0.9 Np, 0.5~0.9
K -0.1~0.1 B/(°) -20~20
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Tab.3 Design parameters of optimized model
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Ly, -0.105 -0.114 -0.155
Ny, 0. 462 0.482 0.299
K, 0. 850 1.246 1.136
N, 0. 859 0.741 0. 899
B/(°) -3.624 -5.236 -19.601
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