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Three-dimensional aerodynamic optimizatien for the two-stage

axial-flow fan based on werk distribution

HE Liu, SHAN Peng

(School of Jet Propulsions
Beijing University of Aeronautics and.-Astronautics, Beijing 400191, China)

Abstract; By integrating genetic-algorithm-with response surface methodology, this pa-
per developed—~an optimization system, with_introduction of a quasi-three-dimensional
through-flow design code and a blade formatting code. While a three-dimensional CFD
(computational fluid'dynamics) ‘solyer was involved, this paper established a numerical aero-
dynamic optimization/platform for three-dimensional blades of axial-flow compressors. The
optimization inithis papér mainly has four features. First, it applies the conventional inverse
design method instead of common CAGD (computer aided geometric design) parameteriza-
tion method to generate a three-dimensional blade. Second, it chooses aerodynamic parame-
ters with physical meaning as optimization design variables instead of purely geometrical pa-
rameters. Third, it presents a stage-by-stage optimization strategy about the multistage
turbomachinery optimization. Fourth, it introduces the visual analysis method into optimi-
zation. The above techniques were applied, first, to a two-stage axial-flow fan for its maxi-
mum mass flow rate, and then, to the reformed two-stage axial-flow fan for its maximum
adiabatic efficiency. The work distributions were taken as design variables, which were pa-
rametrically represented by means of Bézier curves. The two examples elucidate that not on-
ly the techniques mentioned above are appropriate and effective in engineering, but also the
design guidance for similar inverse design problems can be obtained from the optimization re-

sults.
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Table 3 Comparison of the fan performances
at the design point before and

after optimization

m/ (kg/s) e 7 M,/ %
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Table 4 Comparison of the rotor m and stator ¢ at

the design point before and after

optimization of Case 1

Rotor 1 Stator 1 Rotor 2 Stator 2
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W%k 0.9005  0.9861  0.8990 0.9859

7 & &

-

D) ARCHIM AT A B AP — R
FH AR AL T ) Rk A S s R
EA YR X S RE e BT =R
PR T A 2 R ML AR 0] R B R A SR
W s DR AE LA ] AT B AT 75

2) M RAL AU R i RS R T
1. 6% » [F) B 4 BRI T 1. 2 S H T AL T
P14 B 15 55 ST A DN TR ek 55 5 Vi 5 e e )2 T
P 5 RS 14 43 B DX/ 46 i IR A DG i R Ak XL
RORMARAL )G 4 AR IR & T 0. 54 A 40 A5
SR 4 1 5 P T 4 v R R RS L 4
NSRS

3) AN A B 1 43 5 8 B2 w5 3 o L 5 )
T MR T RE 7 AR R T L 2 6 R ALY AR
SV 3 WA R B . % T 2 R SR A AU ik
B —HE ol 5 — 2, AT g R D JE [ A s A At
T B P BB B AR, DA T 52 i R AW ) 3 R 1 i

S 3Hk

[ 1] PierretS, Van den Braembussche R A. Turbomachinery

blade design using a Navier-Stokes solver and artificial
neural network[ ] ]. Journal of Turbomachinery,1999,121
(2):326-332.

[27] Chung J,Shim J, Lee K D. Design of 3D transonic com-

[6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

pressor blades using numerical optimization [ R]. AIAA-
2000-0227,2000.

Kim J H,Choi ] H,Kim K Y. Design optimization of a cen-
trifugal compressor impeller using radial basis neural net-
work method[R]. ASME Paper GT2009-59666,2009.
Bartold A,Joos F. Optimization of a centrifugal impeller u-
sing evolutionary algorithms[ R]. ASME Paper GT2008-
50805,2008.

Oksiiz O, Akmandor T S. Axial turbine blade aerodynamic
optimization using a novel multi-level genetic algorithm
[R]. ASME Paper GT2008-50519,2008.

Bonaiuti D, Zangeneh M. On the coupling of inverse design
and optimization techniques for the multiobjective, multi-
point design of turbomachinery blades[]]. Journal of Tur-
bomachinery,2009,131(2):021014. (16 pages)

Arabnia M,Ghaly W. A strategy for multi-point shape op-
timization of turbine stages in three-dimensional flow[ R].
ASME Paper GT2009-59708,2009.

WangD X,He L,Li Y S,et al. Adjoint aerodynamic design
optimization for blades in multi-stage turbomachines: Part
[l — Validation and applicationf R ]. ASME Paper GT2008-
50209,2008.

PRAMG 8. 4 o8 AR O AL 75 R S HL 2 PR BT v 19
L AT 44 . 2008, 29 (2)¢221-224.
CHEN.Zhipeng, YUAN, Xin. Aérodynamics optimum de-
sign of compressor blades'\based on numerical overall per-
formance calculation[ J]. Journal of‘\Engineering Thermo-
physics,2008,29(2) :221-224, (in Chinese)

Veress A, Van den Braémbussche R A. Inverse design and
optimization-6f a rettrn channel for a multistage centrifu-
gal compressor{ ] ]. Journal of Fluids Engineering, 2004,
126(5):799-806.

A B R HT. R NURBS (93 9005 - i 4 = 4
KRBT 375 TR, 2006,26(2) :201-206.
CHEN Bo, GAO Xuelin, YUAN Xin. Aerodynamic 3-di-
mensional optimal design by NURBS of a certain stage tur-
bine blades[]J]. Journal of Power Engineering, 2006, 26
(2):201-206. (in Chinese)

Briasco G,Bruna D,Cravero C. A NURBS-based optimiza-
tion tool for axial compressor cascades at design and off-
design conditions[ R]. ASME Paper GT2008-50622.2008.
Chen N X,Zhang H W,Xu Q.,et al. Application of simple
gradient-based method and multi-section blade parameter-
ization technique to aerodynamic design optimization of a
3D transonic single rotor compressor[ R]. ASME Paper
GT2009-59783,2009.

VerstraeteT, Alsalihi Z, Van den Braembussche R A. Mul-
tidisciplinary optimization of a radial compressor for micro
gas turbine applications[ R]. ASME Paper GT2007-27484,
2007.

oy i, SIS, v O A T 4 X R T 5 O LB F
g5 (1. M2 3 F1°41 . 2009, 24(8) : 1805-1812.

YANG Jingjing, SHAN Peng. Design of a high-loading
two-stage forward swept fan and investigation on the
swept-blading mechanism[ ] ]. Journal of Aerospace Pow-
er,2009,24(8):1805-1812. (in Chinese)

Denton J D. The calculation of three-dimensional viscous
flow through multistage turbomachines [ ] ]. Journal of
Turbomachinery,1992,114(1) :18-26.



