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Abstract: An aerodynamic optimization system for axial compressor intake volute, which included
parametric modeling, mesh division, numerical calculation and computational fluid dynamics (CFD) post-
processing, was built based on Isight optimization platform. After the intake volute was parameterized, the
optimal Latin hypercube sampling was used to obtain uniformly distributed sample points in space. The total
pressure loss coefficient and the velocity unevenness of outlet surface were taken as the objective functions.
The objective function values of all sample points were obtained through numerical calculation, and the elliptic
basis function (EBF) neural network proxy model was established. Then the non-dominated sorting genetic
algorithm- [l (NSGA- Il ) with elite strategy was used to seek the optimization of the objective function. Three
optimization results M1, M2 and M3 were selected on the Pareto front and compared with the original model.
The calculation results show that the total pressure loss of M1, M2 and M3 and the exit velocity
inhomogeneity of M1, M2 and M3 are reduced, and the secondary flow of M1, M2 and M3 is contained.
After optimization of the modeling coupling deflector, the total pressure loss of the volute is further reduced,

the outlet flow field is more uniform, and the aerodynamic performance of the volute is further improved.
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Figure 1 Geometric model and related parameters of the intake volute
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Figure 2 Grid of the intake volute
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Figure 3 Grid independence verification
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Figure 4 Geometric parameters of the back arc and the inner arc
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Figure 5 Process of optimization design
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Figure 8 Flow diagram of NSGA- I genetic algorithm
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Figure 9  Scatter diagram of multi-objective optimization
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Figure 10 Curve comparison between the optimal models and

the original model
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Figure 11 The total pressure loss coefficients and velocity non-

uniformity under different operating conditions
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Figure 12 Velocity contours of the intake volute outlets of

optimized models and the original model
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the meridian plane schematic diagram of the original

intake volute
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Figure 18 Geometric parameters of the deflector
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Figure 19 Total pressure loss coefficients and velocity non-

uniformity of all intake volutes
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Figure 20 Velocity contours of the inlet volute outlets of
M2, the original model, D2 and OA

Bl 21 5 7 M2 JEAL D2 A1 OA H H 3 B
. ME 21 dhnl LUFE $] M2 A E R 0
T R AR b 0 BRI HL X A7 A — A K T IR
iR MR A A 5 ot D2 A1 OA B9 11 B
it =i bl i S N [ 3 B B R s |
SN AE—EBRE LBH T i, BET =



" 96 - WO oL TR

2025455 34

WA . WEEJERUF OA Ay Y 3 B8 R 48 40 1 ok
imﬁmuTﬁEﬁWW%ﬁ Xof AR JHJE I8 45 4 i
M2 5 D2 i H R 7 DX VI P A 6 G 164 3 2 L 3
WAL 5 1Y B 7 BE T 3 7Y A ) A R B0 A R,
B T REAR R AR S BIAE ] o DA BE s 1 s T
PIAE D2 (M O i A R i iy, 5 M2 JR A
FLOA M LG, D2 Ay Y 1 38R i 2 % Rk R4 HL e i
SR /D A AR W S 1 R Y A 1 Y R B R AR T
TR

R/ (mes ™)

@Mz (b) © D2 (@) 0A
21 M2 J5E D2 RN OA JES 7 HY 10 i 4
Figure 21  Velocity streamlines of the inlet volute outlets of

M2, the original model, D2 and OA
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Figure 22 Contours of total pressure loss coefficients of meridian

planes of the mnlet volutes of M2, the original model,
D2 and OA
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Table 1 Comparison between experimental values and calculated

values of performance parameters of the intake volutes
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