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Aerodynamic performance optimization on S, analysis code

of multi-stage axial compressor
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Abstract: An aerodynamic performance optimization platform was established for S, a-
nalysis code of compressor by integrating the ISIGHT optimization software and S, analysis
code which calculated performance of multi-stage axial compressor. When a four-stages axi-
al-flow compressor was optimized, the parameters were selected by adjusting blade camber
angle, solidity, relative maximum thickness and so on, along radial which have more influ-
ence on the objective function just like efficiency to establish the response surface model and
integrated evolutionary algorithm to optimize the objective function. The result shows that
the whole characteristic of compressor improves, pressure ratio increases 19. 6% and effi-
ciency increases 4. 66 % at design point. stall margin increases to 22. 32% at 1. 0 equivalent
rotor-speed, which proves that building optimization platform has practical value for aerody-
namic design of compressor, and can be reference for aerodynamic performance optimization

of inner flow tubromachinery.

Key words: axial-flow compressor; S, analysis code; aerodynamic performance;

response surface model; evolutionary algorithm

:2011-05-03; :2011-10-10
(1985—), s s



954 27
50 , s
SZ LM.
752 S2 N
(1]
»S, D) , N
, . 2) ,
[2]_ N
S, ( ) ) ) .
s S, (GEEDIN )
¢ ; o
:3],
S,
, , Isight , S,
s ’ ’ S2
) 1
S,
[4] Im‘
’ SZ Sii it
[s3 : ISIGHT %
. i
Sz ’ 4 IE
ik
1 S, B
S,
. ikt
(5] HHRSM
NN ikt

Fig. 1

1

Optimization flow chart
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Fig. 3 Characteristic lines of compressor of
original and optimization
1
Table 1 Characteristic of compressor at each
equivalent rotor-speed
/(kg/s) /%
Original 68. 6 3.6787 0.8335 14.81
1.0 Opt lst 68. 6 4.1467 0.8634 19.53
Opt all 68. 6 4.4010 0.8801 22.32
Original 61.5 3.0354 0.8621 15.20
0.9 Opt 1st 61.5 3.1237 L8711 17.54
Opt all 61.5 3.4079 .9020 19.09
Original 52.0 2.2475 0.8302 21.60
0.8 Opt Ist 52.0 2.2826 0.8391 25.70
Opt all 52.0 2.5388 0.8935 30.88
Original 42.0 1.9001 0.8236 18.34
0.7 Opt 1st 42.0 1.9208 0.8337 25.51
Opt all 42.0 2.0196 0.8709 28.22
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Fig. 4 Change of import angel of the 1st rotor
along radial between original

and optimization
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Fig. 5 Change of solidity of the 1st rotor along radial

between original and optimization
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1.0
2 D
08 i Table 2 Change of D-factor of every blade along radial
i between original and optimization
0'67 —a—— Original
= : —_— Optimum D
0.4
02k R Original 0.3514 0.4278 0.4316
' Optimum  0.3805  0.4636  0.4228
0 b i | . T I T Tl | P
0.35 0.40 045 0.50 0.55 0.60 S, Original 0.5514 0.3548 0.1334
X Optimum 0.4868 0.2633 0.1235
R Original 0.4308 0.3877 0.4499
7 1 * Optimum  0.4421  0.3772  0.3879
Fig. 7 Change of relative maximum curvature of S, Original 0.4263 0.2719 0.2357
the 1st rotor along radial between Optimum 0.3924 0.2244 0.1875
original and optimization Original ~ 0.4307  0.3223  0.4082
R:
" Optimum  0.4691  0.3506  0.4490
X ,
) X, s, Original 0.3669 0.2681 0.3075
Optimum 0.3701 0.2733 0.3376
1 (D) r Original 0.4612  0.3761  0.3855
8 D " Optimum  0.4638  0.3696  0.4550
’ . Original 0.4023 0.3492 0.2005

S
’ D 0.6, ' Optimum  0.3779  0.3316  0.2190
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