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Multi-objective optimization of centrif ugal pump-impeller
for conceptual design
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(1 School of Astronautics, Beijing University of Aeronautics and
A stronautics;-Beijing-100083", China;
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Abstract.: Two_multi-objective optimization'methods were applied to design the centrif u-
gal oxidizer pump impeller for liquid propellant rocket engine. Major geometric parameters of
pump impeller were optimized for the targeted delivery head ,efficiency and mass of pump.
The Pareto Front of multi-objective optimization was gained by Neighborhood Cultivation
Genetic Algorithm{(NCGA) ;the super-transitive approximation method was introduced to ac-
quire optimal weights of individual objectives. Then ,Evaluation Function method was used to
obtain optimal design of multi-objective optimization. The effects of major structural parame-
terson pump performance parameters were al o analyzed.

Key words: aerospace propulson system; rocket engine; centrifugal pump; impeller;
optimization; pareto front

. , NC
GA™ (Neighborhood Cultivation Genetic Algo-
rithm) pareto ,

. 2006-08-08 ; . 2006-11-20

(1979) , , , ,Email :ehuamei @sina. com



9 1555
(2]
, 1
1 1.2
1 1
1.1 NCGA ’
NCGA GA ( Genetic Algo-
rithm)
pareto ,
NCGA
t=0, Po ,
N, , Ao; , s
t=t+1,Pi=Ac1;
P ,haras mhan
Pt il )
Pr;
D At : (En- k
vironment Selection) 2N ) A« , k 1
N ; .
) , N(N-1)/2
, ( N ) o ]
NCGA aj, fi fy
‘ ” Pareto , aij 1; fi fi , aij 1,
’ fj fi , aij 1
A, a; =1/ a;.
B',B°, ,B", B'
i A i ., b=a;

1
Fig.1 Fow chart of optimization

B' = (bi,k, ,by)'
b=a,bh=(a) ‘b,b=(a) "b,b=
(an) 'b;
A" =(aj)nxn,

al = (b x B x  xb)’

(A" - Om DN =0

»NZAi =1



1556 22
A A’ O e H
i(i=1, ) -
Ai(i=1, |N) He—1  wCe- wCy (1)
1+ 7z g9
1.3 Ce
lJz_
g_
Zp [4]
’ _ ., . G
p TD2n
W = "o (3
, 2. . g
2, = 0. 65 + sn (4)
11| 2]
m D2
u(F) = _Zﬁ)ifi Cwe
&) i : - —0Q
. Cre Nv - TU D1 b (5)
iSIGHT 0 ”
’ o : L sz
(Genetic Algorithm) o D1 SnP: (6)
Cu
' W
(Sequential Quadratic Programming) n
' ' n =NdNm (7
Ah ;
iSIGHT 1 N
1 ! nv .
] 3
I’]n=1+0835-|g,\]5 8
2 n
_ 1
2.1 T =1+068 n @ ©)
2
Q nm:1-007-[ﬁ~J i (10)
p H N 100
' n!4
2 . D1
,D , b , ke = y
2 Ns 4@ (11
B: B
z ,S Np
N, = POQH (12)
n
[5]
Dl
2 M=a Q- -n- H (13)
Fg.2 Desgn parametersof the centrifuga impeller M— ;

a,b,c,d——



9 ; 1557

B: B2 z s;
er 3 ):
2.2 ;
18 000(r/ min) (12 ): 8 3
138(kg/ 9) , '
1
(8 ): D. P< P (14)
D- o]} 03 Po
1
Table 1 Design variables ranges o the centrifugal pump design problem
D1/ mm D2/ mm b/ mm b/ mm B/ (°) B2/ (°) g mm z
80.0 90.0 10.0 10.0 15 15 2 5
200.0 400.0 40.0 30.0 50 40 5 18
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Fig.4 Objective function values of head and efficiency
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Fig.5 Objective function values of head and weight
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Table 2 Single-ohjectivee and-multi-objective optimization design of centrifugal impeller
D:/ mm D2/ mm b/ mm b/ mm B/ () B2/ () g mm z
137.36 220.96 22.19 15.82 44 39 2.6 8
140:27 176.19 21.50 18.17 44 36 4.5 10
13121 181.2 39.4 16 18 17 3.1 7
160. 96 236.56 30.48 13.22 32 23 3.92 5
(21 77 MPa)
(76. 27 %) (65 1 kg) ,
4 5 I} £f T Weigh
Pareto , P v
Pareto ,
Results:
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