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Abstract; The performance of inertia stage filter is an important factor affecting the quality of the flow
field at the outlet of marine gas turbine air intake system, and also determines the power level of the ship
to a certain extent. With low total pressure loss and high filtration efficiency as the common goal , the nu-
merical simulation method of gas-liquid two phase flow combined with experimental design method are a-
dopted to construct the response surface equations among total pressure loss, filtration efficiency and
blade geometric parameters respectively in this paper, and a multi-objective non-dominated sorting genet-
ic algorithmis used to optimize and design the parameters of inertia stage filter blades. The results show
that the optimized inertia stage filter achieves higher filtration efficiency with less total pressure loss in the
full speed range. At the speed of 2 m/s, the optimized total pressure loss is reduced by 16.98% and the
filtration efficiency is increased by 37.61% . At the speed of 7 m/s, the optimized total pressure loss is
reduced by 16.7% , and the filtration efficiency is increased by 20.83% ;in inertia stage filters, for high
flow speed, longer blade with smaller spacing and lower slope should be selected; for low flow speed,

shorter blade with larger spacing and higher slope should be used; the optimized filter blade structure not
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only reduces the separation in the leeward area of the blade to reduce the total pressure loss, but also in-

creases the contact between liquid particles and the blade to improve the filtration efficiency, so as to im-

prove the whole performance of filter.

Key words; inertia stage filters, multi-objective genetic algorithm, optimized design, total pressure

loss, filtration efficiency
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Fig. 1 Inertia stage filter model
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Tab. 1 Response surface experimental factor level

K
kS

-1 0 1
i 5[] #E A/ mm 20 40 60
M B 55 BF w/mm 80 140 200
MR/ () 80 100 120
K E/mm 10 25 40
P o/m - 57! 2 4.5 7
BT HAR d/pum 5 15 25
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Tab.2 Partial test design schemes

MREIEE RRSE mEAk BEGKE WEe RFH
h/mm  w/mm f§9/(°) /mm /m-s”! B d/pm

1 40 80 100 25 2 5

2 20 200 100 10 4.5 15

3 40 140 120 40 4.5 25

4 60 140 100 40 7 15

5 20 140 120 25 4.5 5

6 40 200 100 25 7 5

7 40 200 100 25 2 25
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6. 43262x, — 0. 0095124, +74.97193x, — 0. 207008,
+0.001216x,%, + 0.004906x,%, + 0.001702x,x, —
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0.6378x,x05 + 0. 125267x,4; 0.00135x,0; -
0.015084% — 0. 0008842 + 0. 0346104> + 0. 0022514
+0. 74204422 + 0. 007403 (3)
£ = 2.0241 + 0.009644x, — 0.003409x,
0.038518x, - 0.026086x, + 0.286642x, +
0.015318x, - 0.000027x,x, — 0.000111x,x,

0.00003x,x, — 0.002756x,x; + 0.00001x,x, +
0.000097x5%, — 0.000109x,x, — 0.001566x,x; -
0.0000217x,x, + 0.000038x,x5 + 0.000257x,%, +

0.003828x,xs + 0.000139x + 0.0000013x3 +
0.000206x; + 0.000269x; - 0.0011107x2 +
0. 000565x; (4)
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Tab.3 Optimized structure of filter

i/ it [ 9 e =e SN
m-s”! i/ mm £/ mm /(%) J£/mm
2 59.58 80. 001 92.77 10.00
3 59.91 83.68 95.08 12.14
4 20. 31 110.39 116.96 10.01
5 22.27 109.48 106. 67 11.31
6 21.62 141.40 102.20 11.75
7 22.01 108. 46 112.72 10.72
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Tab. 4 Reliability verification of optimization method

W/ REITRE BUERIIR BRI RUEB
m-sTh O RURSR BJRIIR R/ % IR/ %
2 6.35 5.67 26.43 25.33
3 14.84 15.19 18.05 22.05
4 16.94 16.21 24.68 25.16
5 36.33 36.33 29.87 29.57
6 59.45 59.94 35.98 36.07
7 44.08 48.72 46.91 48.26
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Fig. 2 Comparison of total pressure loss before
and after optimization
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and after optimization

T Xt B T SR8 3 A AU Bh R S 2R AT 40
Pr:miE 4(a) KSR SE 4 (c) BEE = KA
DA UE TR A B A7 AR A3t b3 5
ST A X DA 0 ] 9 DX, 39 T ) 75 XL
D7 o A T S R ZE U A LR OE , BUE X
3 PR T AR AR B BREH CUAE , k BRE E IX S o B
P T AT IRC ( HAD SRS R S e, 2K

- B SR IE 3 A2 559 , o S 9 i A T A FE 2 1Y)

-100 -80 60 -40 -20 0 20 40 60 80

-0.05 0.05 0.10 0.15 020 0.25 0.30
(a) JFHRAL BRI

A\ A

~0.05 005 010 015 020

(b) AL B R &

0.05 0.10 0.15 0.20 025 0.30 -0.05 0 0.05 0.10 0.15 0.20

-0.05 0
(o) FAERLE E = & (d) PR E R B = ]
B4 RiE7T m/s HENWETRIEE RIS

Fig. 4 Comparison of filter performance at flow rate of 7 m/s before and after optimization
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