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Multi-objective and Multidisciplinary Optimization of Double-channel Pump

Zhao Binjuan Qiu Jing Zhao Youfei Zhang Chenghu Chen Huilong
(School of Energy and Power Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract ; In order to improve the hydraulic and structural performances of the double-channel pump, the
uniform test design, fluid-structure interaction calculation, combination of artificial neural network and
multi-objective genetic optimization method were applied. The inlet diameter, inlet width, tongue angle
and diffusion length were selected as optimization variables, which were then used to produce 50 tests by
using the method of uniform test design. The efficiency and maximum stress, attained through fluid-
structure interaction in a volute at the design condition, were chosen as the optimization goals and then
were applied to get the approximate function by BP neural network training. Special multi-objective
genetic optimization strategy was designed to solve the function and search the optimized results which are
called the Pareto frontiers of geometry parameters of the volute. During the process of searching the Pareto
frontiers, the efficiencies, heads and stresses were chosen as constrains to get the final two optimizations.
The results showed that compared with the original case, pressure diffusion effects of the optimized cases
were improved obviously, backflow phenomena was reduced, and the efficiencies of cases optl and opt2
were increased, while the maximum stresses and the mean vibration velocities of optl and opt2 were
depressed. The results indicated that the proposed multi-objective and multidisciplinary optimization
method can obviously improve the hydraulic and structural performances of double channel pump,
meanwhile, it has some reference value for optimization researches on other turbomachineries.
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Fig.1 Sketch of initial volute structure
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Tab.1 Geometry parameters of initial volute

ZH AN S8 AN
# 0% % By /mm 74 AL E B/ (°) 40
#E0 EAE Dy/mm 235 75 BE JEE 5/ mm 5
H A2 D, /mm 80 %2 5% D /mm 190

P B K BF L/mm 150
bl & 2 @/ (°) 30

22 JEJE h/mm 18

2 ZENRZFRMURE

2.1 fRULEE

P S AN Ta) JUAR 2 B0 XUt 38 22 98 52 14 7K g P g
NG5 VERE AT A AN [a) B BE A9 52 W), AR SO e AR 4 IR
B O OE SR T 45 0T eI 1 P i
Jeit D EAR D, WEH S B,y BaE LA o MY 1K
B LX 4 DILSHON AL &, AR I 52 4
AT v 3 AR O AR B 8 T 1 UE & Ak R
It (8 IBCIELE L, 7R BR324 K, S U2 fR i
HRHY RE R S, A A e SRS L

X=[D, B, ¢ L]'" (X, <X<X,)
X, =[215 65 20 120]"
X,=[245 85 36 200]"

2.2 BREH

Hy T 5 AN e 72 A X XU I 2R 1 Y 5
Wi AN R, B AS R Tk A2 1 25K o X H R BE 20K,
a5 TR b PR 9 50 B 5 58 0T w6 Al Al Hh A
S5 WL BE R BT 00T BUI IE R R g M
W 5 B 7 AL 1 SR KL T o 3 AR R ok D0 LGS # P
RERYDLAL FI AR o PR O i 5 Rl 3 A 1) J5E 32 3 6 5/
MRCREGE I, N AT RE S AR LR A B R 2 AT
AT, fi ¢ 391 2 4% 3] 8 () I 3l J 7K g R85 48 7 R 225K
ML W Fe 4 Al o DRI, AR SO ST i — 4E LA H bR



98 & ol HLOM ¥ R

2015 4

F(X) =[maxn(X) mino(X)]
2.3 HERAWEITRAE—&
PR BP N I Ao 2 19 465 0 AR ASE R ) 3 7 5 R
HRPRAEAS 0 T D T A RIEREAR SR S
RO, AR O A AR B N ORI L, 5 T —
A4 RS0 K AR 2 A0 B B T R A%
Uy, (50™) , I 38 3 o i 81 18 560 25040 36 A7 13— fh Ak 3
YN W)

(X, =X<X,)

Y. = X/'i _ijin 1
’ _ijax _ijin ( )
Ap R R
X/'min \X,-max—/ﬁjkﬂ E/‘J%/J\ \HE'ijt{E
X,——RHMH i 17 7 I B

H— AL AL S A AT 10 250 Kol W35 2 /Y Al
4 ﬁlJO

®2 HA-ULEMNHETHEKERT

Tab.2 Normalized uniform design of volute

BT H 7 bR 5

(RN —
Fe piigs} kL R €2 . SZUN
HE R B KE )]
1 0.35 0.15 0.16 0.06 0.37 0.53
2 0.41 0.52 0.44 0.46  0.53 0.19
3 0.86 0.29  0.24  0.26  0.87  0.46
4 0. 63 0.44 0.56 0.64 0.82  0.14
5 0.55 0.19 0.28 0.78 0.53  0.30
6 0.78 0.35 0.36 0.50 0.73 0. 09
7 0.71 0.17 0.98 0.72 0.46  0.22
8 0.06 0.58 0.59 0.32 0.09 0.11
9 0.84 0.54 0.66 0.38  0.95 0.15
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Fig.3 Execution flow chart of MOGA optimization
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Tab.3 Performance comparison before and

after optimization

UES B % ARSI/ MPa e/ m
A7 % 74.38 52.10 10. 230
optl 75. 82 46.91 10. 152
opt2 76. 09 47.83 10. 132
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Fig.5 Static pressure distribution on volute inner face
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Fig.8 Stress variation with impeller’ s rotation angle
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