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Sudy on aerodynamic optimization design of multistage
axial turbine under multiple working conditions

ZHAO Hongle , WANG Song-tao; HAN Wanjin, FEN'G Guo-tal

(School of Energy Science and Engineering, Harbin Institute
of Technology , Harbin, 150001 -China)

Abstract : A three stage axial turbine was redesgned by usng an aerodynamic optimiza
tion desgn process of, multistage axial-turbine-in_multiple-working conditions, which com-
bines quas-3D design methods and multi stage loeal optimization methods. Genetic algorithm
and artificial neural network were-employed to 3D local optimization of various cascades. The
flow field was computed through athree-dimensional viscosty Navier- Stokes equation. With
optimization design, the performance of every cascade was optimized, and the overall effi-
ciency increased by 1 % under the reliable total flow mass, indicating that the total perform-
ance was improved to satisy the design requirements.
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Fg.1 Schematic diagram of aerodynamic optimization , n =7 500
design process of multistage turbine under r/min, m=7.8kg/ls , 1
multiple work conditions [8].
Soaart-Allmaras ,
CFD , HOH , H
CFD , ) O 2
, , 2.
' 1
Table 1 Cadllection of different work conditions
) m o
) v o =1.00 1.00 0.83 0.59 0.53
W n=0.75 0.71 0.50 0.41
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FHg.2 Schematic diagram of thefirst stage mesh

2

Table 2 Cdllection of calculation grids

1-8
H o] H
33 x 21 x 41 %
1 029 530
(100) 33x17 33 x169 33x17
33x 25 x 41 x
1809 186
(180) 49 x 17 49 x 169 49 x 17
33 x 25 x 41 x
2370714
(240) 65 x 17 65 x 169 65 x 17
33 x 25 x 45 x
2 894 706
(290) 73x17  73x185 73 x17
3
1.00_ EXP n n\=1.00 ,
1.00_290 n np'=1.00 (290
) ,0.75_EXP v n=0.75
,0.75_290 W =0.75
( 290 ) )
1.0
== __o———¢
L i
08 F o7
0.6F
. C ———— 1.00_EXP
& —— | B
0.41 ———— 1.002T80
E ———— 1002100
[ ———— 0.75-EXDP
——e——0.757290
0.2 ——e— 0.75-240
L ——e——0.75"180
[ —e—- 0757100
0502704 06 08 T 12

milm,

Fig.3 Turbine massflow-internal efficiency curve

, 3
3
Table 3 Calculation grids
1-6
H (0] H
33 x 21 % 45 x
763 092
33 x17 33x173 33x17
33 x 25 x 45 x
2127 512
73 x17 73 x 185 73 x17
2
( 1%) ;
1%,
271
4 ,
1.01% 1.15%, ,
0.274% 0. 246 %, ,
1.161 %,
0.090 %, ,
4
Table 4 Performance collection
! % 92.553  93.563
92.380 93.533
1 0.997 2
1 1.011 6
1 0.997 5
1 0.9991
2.2
4
, 5 7 (
90 % ), ( 50% ),
( 10% ) 8
, 9 11
( 0% ), (
50 % ), ( 10% )
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Fig.4 Energy loss coefficient distribution along

blade height of thefirst stator
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Fig.5 Surface static pressure distribution
of thefirst stator tip
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Fig.6 Surface static pressure distribution
of thefirst stator mean
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Fig.7 Surface static pressure distribution
of thefirst stator hub
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Fg.8 Energy loss codficient distribution
along blade height of the third rotor
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of thethird rotor tip
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Fig.10 Surface static pressure distribution
of the third rotor mean
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Fig.11 Surface static pressure distribution
of the third rotor hub
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