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In this paper, the turbulent flow field in a stator cascade of a multi-stage transonic axial compressor have been
investigated using large-scale unsteady simulation including LES and DES analysis. The flow field was analyzed by
data mining techniques including vortex identification based on the critical point theory and topological data analysis
of the limiting streamline pattern visualized by the line integral convolution (LIC) method. It is found that hub-corner
separation occurs in the first stator and interacts with the shock wave from the second rotor and the wake from the first
rotor. Although only one hub-corner separation vortex is formed in the time-averaged flow field, hub-corner separation
vortex is generated in multiple pieces in an instantaneous flow field and those pieces fluctuate with time violently,

distorting the near-hub flow.
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Fig.1 Shape of blade tip clearance in first stator
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Fig.2 Computational grid
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Fig.3 Comparison of compressor exit flow
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Fig.4 Distribution of density gradient
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in first stator

T BERORET, HIFTHE TR AR BT
oD EEBIT, JELTERLTWD., FIEEEOY 2T T R
I, D SEJEEHA~R2YD > =T v Rl ko 3
SR ERET 5 Z & T, AR EIZ A 5T FlRE Ok
TNREAEL QD ZORBNOEZEY, 2T 7 Ml
IZBWC IR SN QA Bl BT, 20%=a— 1
FHECIRBNT, IRFEA AT TRIRS T < BSR4 L
THEY, 1ZLEEEROPERICIL, HEmRoIL < BRI SN T
WA, ZOEL BERE O OBERIEAD 2T 4 —DfEND, (X< HE
FEANOTHUL, ATRICERSM ERE, o Ty MUTER
FHTFHEISHNTEIY, 30% A SUAALEAH Tl < BEERAO
TEDMEZE L CND Z VD, FTz, ZOmZENRAET DA
PALEDNS Y 2T T A, R oolE < B TRl T
TR, P72 > T BESE LT 5.
7. 2 BERORNS
X 6 (CHEEH AT OB A T~ 7B DB OFRNS 47~
T 72, RN, MBI DR L OTRAR
PHRMIANZ, BO0%A/ S AZKIT HEREP R LI ORLT
W5, 72k, BRI Fohockid, LFORICE W HEH L T05.
Copyright © 2018 by JSFM



Shock wave of
second rotor

: Shock-induced "

separation

(@ t~=188

F shock = /:]aé( (T/') U]
£ =tanh (O.SXMJ ®
Psc+ Ps;
ZZTC, Psc i3RI HFHE, Psi i3 T-rUlMgET 5%
FRICRBIT A EER LTS,

X675, WTNORHHAT » 72BN TH, 20%=— RHE
A5 RN NG C, BEITERZZEDOIE < BERAFREA L TD
DD, i, EEREEIEG N & i ETOIE BEOIE
LT 5 L, B ETIE < BERDTER SOV DENE, 2 Bt
B S ORI AN E M O L QW AAEICHIN L TRY, 2
BEIEE) O OFRE S HmENE & T 52 & T, E<HERR
ELTWDZEPHERTE D, £, VBSOS L=
Y, B ECORKNZRY IR LS, HRl~ME%T5
7o, B OB, EERICE S 3 Eoix < BEofrE
B L CWD. B OREE, BRI D (ConskE -
TEY, FHT 20%a— REHICHE, IEFICEEL TEELTQND
2, ZhuE, 20%— RIZBIT AEOMENSRKE W20, AlEH
TIOFEARD I E BN TIUTY L CHEE L, B DR MK
LizizbThiH EEZLND. T, 20%2— REHTTE, 587
TREE DR EERIEIC Ko C, Bia X BENER L OR4ET S
728, K5 FIORTIFETENIAIIBO TS, 20%a— RHL
IZRWT, I<SEERELZEEZOND.

AT s a— I BHERICE T2 &, X5 ORI
BN ClY, T ENSEE ERD 1 o0NT - a—F—%
S BEROSFEE LTS, BHFEOFIG T, (3 < BEERPICIE
HICEEOIIS BERNRAEL, TNODREWVNITHTHZ LT,
ZONECILIRAHHINC R E K BE L QD Z EWVhns.

8. # &

AWFFETIE, 2 BB H RSO LU Extg L
L C, LES fi#4T & DES fi#tlT 2 i L 7= RIRSEE H AT 2 9266 L,
PIBF IR A LSO USGEOEZ T-7-. Sbh
7HRY, DT o@mb Ths.

% 32 AIBIERENFE L VRO LA
A03-4

Fshock
™ 0.01

[ |
0.0

(c t*=201
Fig.6  Instantaneous vortex structures and limiting streamlines, and shock function distribution on 50% span in first stator
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