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Numerical investigation on subsonic axial-flow compressor rotor with

implementation of axisymmetric casing eontouring optimization
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Abstract: For the study object of a subsonic axial-flow compressor rotor of Northwest-
ern Polytechnical” Univérsity, a reliable numerical simulation method was presented, and
then axisymmetric contouring optimization for the casing under the condition of peak efficien-
cy was conducted with the module DESIGN/3D in software package NUMECA, and the
optimal rotor was obtained finally. The optimal rotor pushed the tip clearance leakage vortex
away from the suction side at the leading edge of the blade. Although this led to an increase
of the magnitude of leakage vortex and flow loss at the first 30% axial chord, the magnitude
of leakage vortex and flow loss were greatly reduced at the last 70% axial chord of the blade,
thus reducing the total loss, and increasing the peak efficiency and absolute total pressure at
the outlet. The efficiency of the optimal rotor increases about 0. 36 % under the peak efficien-
cy condition, which increases more under large mass flow rate condition, but under the near
stall condition, the optimal rotor forms low velocity zone earlier at the blade tip area., leading

to an earlier stall and making the stability margin of the optimal rotor smaller.

Key words: subsonic axial-flow compressor rotor; axisymmetric contouring optimization;

leakage vortex; flow loss; stability margin
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Table 1 Main stucture and aerodynamic parameters

of-isolated rotor
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Wt E I 1. 245
BB/ (r/min) 15200
I AH T I o 44 0.78
Livesdid 0.61

i 30
M RX L 1.94

A T3] Bt/ mm 0.35

1.2 HE#MFE
K NUMECA 443 7 ) DESIGN/3D &

{2 M S BBL I I b 2o A L B A T 0 ) 50 A LR
R B9 FINE/TURBO £ 35e, Fil FH £t
K4 53 X AR I 454 Spalart-Allmaras i Y 152 £
K i =4k Navier-Stokes J7 2 , %5 ] 25 #0H 2R H
2 B 20 I R AR R L EE E
S5 B R HETT I R e 3 B
S X5 2R AR Ak 1 R R FH AR T T G &R R i R R
IV R ) G0 AT B - 38 A O S B 3 B R RE 3 B
R TC I B il A 25% 22 TR 6 AN B 9, 500
N W B R R RN 0.1%, BHfE T
HE 25/ T 0. 1 0B R TR BIRSL.
1.3 MEEXMERERBERE
AR SCHF 5T B RS % FAE 71 % BT R iF
17 TF 4 1 5 56 00, LA 5k 1 40 1) S50 Bl ds
SN T 6 KA A0 A o A AR SR A 0
BIRH 71 % i sl AT A
ST DR AR i 2ok R ) DA TGO A FE AR IE )
M R G5 R oAb 0 SEal B a9 R T 60
T .90 /07 120 J3 WA 5 5 0 A7 1 9 A T O 2 F
SE. BT R WX T AR SO A R PR 25 R L 90
T3 CA- RS RE T JIE 2K £ A% T 56 i, DXL Uk s St
PRI 90777 1 W A%
2HTT T1Y0 R T T UKL B T Ry
PEFIEUE 5 5250 %) Fu g 5. B n] LU Y, 0 (E
SRR R BB AR 5 S0 25 M [ L 3 Rk
LA g RILARFF A s 0T K 25 5L BRiL 2k
TR ALA 35 Bl S50 4 SR A A1 (E R A R 34 S
AT ARYLE. T LA AT LALLM 29 X6 R AL 9 30
Bl HEATEE AL 5 Hr
093
092 |
091 F

0.90 |-

Ro¥

0.89 F

0.88
. —*— 601 \

0.87 F —e— 905

i 12007

0.86

(J_SS-IJI"!III'II'JJ
35 4.0 4.5 5.0 5.5

i hit/(kg/s)

1 A% TG O A B
Fig. 1 Grid independence check




5 43 PR R R R TR B T Tl R BIL I 3 G Ak Y B B 5 937

0.90

0.86 -

0.84 -

0.82 Lo ) L. P TSI —
35 4.0 45 5.0 5.5
it it/ (kels)

(a) RCHAGHEL

113 -

1.12

E Lk

L10F

1.09 F

1.08 1 4 1 L |- i !
35 4.0 4.5 5.0 53

Hidit/(ke/s)
(b) LR
2 RSL 3 SRR T BUE S SE R X [

Fig. 2 Total performance comparison of computation

and experiment of isolated rotor
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