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Unsteady flow characteristic of rotor-stator interaction in compressor

WANG Jianming, MA Yang, MING Xiaojie, WANG Han, WANG Chengjun

(Liaoning Key Lab of Advanced Test Technology for Aerospace Propulsion System,
Faculty of Aerospace Engineering,

Shenyang Aerospace University, Shenyang 110136, China)

Abstract: Flow of stationary blade interference with the rotor wake was simulated using
the large eddy simulation (LES) method. The coefficient of vorticity was used to reveal the
evolution mechanism of rotor wake in the stator passage, and the pressure coefficient gradi-
ent was used to discriminate the shock structure and wave source. The flow characteristics of
the temporal and spatial structures in the flow field were analyzed by dynamic mode decom-
position (DMD). Result showed that three wave sources were found at the trailing edge of
the moving blade, the leading edge of the stationary blade and the trailing edge. Multi-peak
of the frequency spectrum was found in a stator passage flow field. The first order mode re-
presented the transport of wake in the passageway and corresponded to the flow of rotor
blade passing frequency (BPF), its unsteady fluctuation was dominant in the flow field. The
second order mode was twice of the rotor blade passing frequency and the spatial scale was

half of the first order mode, representing smaller scale disturbances.

Key words: rotor-stator interaction; unsteady flow; rotor wake;

dynamic mode decomposition (DMD); spectrum characteristic

W75 H 85 :2017-06-27
EEWH:HEAARFIES (51476106) 5 1L T4 — I E%F H (15021540)
TEEE N FEWA975—) BRI EE AR S8 5.

SI AR L@V, B, WA, % KL sh ik T3 i 3R & 5w sh A LT ] iz 3 J1 % 4. 2018, 33(11) : 2776-2783. WANG
Jianming, MA Yang, MING Xiaojie,et al. Unsteady flow characteristic of rotor-stator interaction in compressor[J]. Jour-

nal of Aerospace Power,2018,33(11):2776-2783.



5 11 4]

E WA TR ALl i T Bl R S R 2777

it R AL P UL Bl AR A I Bl S R
i L PRI 5 A 2% 1 Ak 5w B, H b Y gl e
A E P 3 3l % e LR G Ik R A R A Y
Wi, % 2 70 RE A% P e b I It 0 00 52 00 S
Ak EHLXS R i 9 30 45 7 1 42 3 % o g PEAE T TR
I ACRIE 5 i 8 3 PN I Sl A0 R B L Sl R
AR E T AR

B XSy i T YA AR 9 5 2R T 45 4 . Davis
U R 3 P 4 2 B )29 3 3 R A
MARG A RRR S TGS, & 7 ir5Rs)
w0 AR W R I I A Sk AR 2 e
8 Bl 52 B HES TR A S — 4 T Al i
SEHG FECE AL B ST B T A T AL
Wy o AR A SR F R / 00 B I A B A 1 802 A
B, 3R 3 1 i Y JRy 7 1T g AR A5 W i B )2 IR
JE ARk, TP TN R 3 3 S A R 5 i A e O
R BBESEAE X B #k TR T A8 AR 4 BT
T3 R PR BE A R 0 44 T i I SR RIS i BE 1Y
RISk WIR G e S Lt 7 K R £ VA |
B8 THIAE AR, A3 B 0 3o T F T Ui e HE O B AR
R 52 W] o 2 IR 37 I 725 65 4 1) 5 AR iR T 904 T g
FH T 5 1 BE A3 A 3R A 3 . ARCEIR A 5T 3F
IR T BN 45 R T AR e WY O 1 I AR Ok
Schmid % 32 1 2l J) 2% B35 43 fi# (dynamic
mode decomposition, DMD) 7& i 44 J1 #4511k 45 5]
Tz . DMD g — Rk 4k & 58 o ik BoR
S ASE DL S 36 14 K 40 PR Tl s L B i
O BEAT SR, 312 I AR AR 2 1Y) 3 [ 245 449 LI (8]
Rk, 15 2 i I 2R AE M AR, DMD # 57 7R
Koopman 2 T 35 S ml F ¥ LH 4L t8E
THIk R ALt R ny sh Al i 2. Sa-
kowitz R R BN CLES) % 4 4R HL#E <
B HEATBUE AL iz ) DMD 4§ M 32 2R AE
IR RS A BT S A k. R S T s
DMD J5 5% 8.0 AL TE i 47 R & 4 19 52 2% 3t
Yy EAT 53 M o 45 B 2 W gy - T A9 AR S P LA B AR
WAL IEA T DMD J5 i 43 B g5 .0 T AHLEE E R
TENFFE M BE Iy . T AN SR ORI A 4 T ik
X4 e 3 N I 30 43 B AT B AT B L a2 H DMD
O3 MO A AR 7 B0 B 1 2 AR S s A I R A
Al REEH L BT 45 e R BBl AT A
HH N B 25 (8] 45 K AR 285 G o S0 10 20 A R A T )it
W RHAE . DMD WA i 37 P BE b B 3 ) 205
STz N FH AR R e SR LT R s R e
B AN S 2R A W R A % R i i

By 45 F mH RE R O A

o T WITE B i e A I T O iz A R E
WRHIE AR SCR ) LES Ik Ohse shw it S, Wil 1
(-l 52 % Wi . 12 F DMD X3 3 i 47 43 it i —
A I3 T W AR A g i i Sh L AR

1 BOEEESE

DMD ] 52 Bl 5l 73 2% 2 G AR 4 2 53 it 345 5
AU S 1 B 1 5 AF R R A R R AR B A A
i o S0 s BCE AT BT B N AN B0 9
PRI 5 5 AT o Sk

VY = {01502 5055 50N } (D

b o R W2 WG F S (%, R, 3

FEAE) ARELNE IS AL AT v BB 0 K
RAE AP

v = Av; (2)

7 VIR ARERE R G0 % B R Tk I D)
RUR R Gt #7 VI & AE RS % B T™ 4 BT .
FEAR S IR 0% Z2 W) o BT R 5 9k 22 11 X7 A AR Ji)
SERE—A LM R Wk AR R RN

VY = {0, Av, s A%, o, AV Ty ) (3)

BT VAT A SR U 3 1 B D 2
PECREAEMA L RP A 1) 5 J0R UE sh AR SO F B,

M5 Arnoldi 75 ¥ L 2R VM 5 (9 A W] 3T B
e VN

AV = VY~ VYIC 4
0 = 0 ¢
1 e 0 ¢

c— | . . (5)
0 e 1 eng

A C oy A MPERERE G AE 9 A AR 4k 3 2 n] LA
W FE R VI G 2R B B EE N S I 2
55, C YRR A 7T DAL AL 36 1F 26 4 e 4 A
MRFAEAR iz VYT ) SO R R B
c= (V) oy = LOVEDHIVITT (v
(6)
PEREHFE C B R IEME /T R SRR BFE A 1Y
FRIEAE . A (RFAE ) 52 7T 3875 A
¢, =V 'w (7
K o, AR BE C FFEAEAE . ¢; 9 DMD 43 i
THRMEAE w; X3 RS, s T A&
I 220 (4 3 45 5 FAS ) RUBE 9 AH T 4514
FE B C 1 REAE A 38 2 0 B S5 22 55 - THT Y
w = lgw/At = ReX + ImA (8)
Hor A Ry R A ) B B[R] SE R Red AR50 K



2778 i o= 3

AN S ¢ EHRRE

B PR Ton A A3 53 s AN TR ASE 285 %68 7 11 1] 45
G ORI A S HAL AR G
[E1) i 3 75 3% B AR 1 4% ) 45838 2l B X

¢, = D' X ¢, n=1,2,-,N (9)
Krf D; S bEBEHE S XN 0 FRAEAH . ¢y F B n
CEEDAINE S

2 ITERE

S 3CHRL21-22 ], %) B o e ML = 4k
W M 37 R AT AR G BB, . AR S0k TR AHL
— G B (NACA35™) 1 Sy B (8 455 400 1 F 5%
XF G AR T SR ORI AR LI 1, A
(inlev) BB M 1T 2% R 2 535X KL 0 R 4 5
th F Coutlet) Jy 5 Af 52 4<, bR R A 1 1 1
H (periodic) , 1z 2 8 F1 1R WA XT 12 3l ok H 1
% I R ALY 33 2o ) 4% B 1T (mesh interface) 28 #
TEE . MR H-O-H B3 $h 45 0, T BE
Il Ay <5,

Periodic

N
Y \ \\
-
e
=
=]
|n
Qutlet

Inlet

B A RS

Computational zone and grids

Fig. 1

Gourdain™ 3@ 1t 4 & % 75 # F ¥ Naiver-
Stokeks(URANS) 5 K im0 (LES) 4 Fh 5 8 {5
LT R SE G 45 B UE AT L R 4 R IR
(LES) ] LS RS B (0 4 B2 8 i 0 g 18 43 285 90 1) 7=
A R I B R 9% o AR . X AT R 45 Navier-Stokes
(N-S) J FEE A7 2 8 , 75 0 7T 1% 45 i 90 9 LES 2
il i ok

T 208 a0

dpuuu;)  9p

(’)(&zl _'_ + a(fij _ T?jGS +D3L’S>
dt al'j E)I/ (’)*T/

an

JdpE +

dt dx

ILGE +pa,]

J

dJ =~ ~ ~ SGS SGS SGS SGS
_quFM]T,'jJFT,' +o7 — Q7 — H)

an

(12)

Kb o WEE  w, HEE 7 T7 o5, p HIETT,
SGS(sub-grid-scale stress) 7% H SGS #8758
L0 A A% 5 RUBE B

Sy 7 WESE S A BT A AR E R A A
Tl AR 30 114 7 A N 9 o AR L 278 SR (26 14 3
8 Fluent F- & 5% Hl R BL4LL (LES) 75 ¥ 3% 1
JEJ1#84 Ccouple) Al rfy 22 3 4% VL SR i, 47
FE A s R (101325 Pa) F1EVE (288. 15 K) 5 i H
HRAE S 00 S RO 3 (B . BUE RIS, i
1B RE (B i SR T BRI R T TG B
FE LB R HD 5 SCHER 23 T 52 56 25 SR 1 X Eb A%
OLH TR 1, AW & X U0 A SO 53 2
T

1 S REHESH

Table 1 Characteristic parameters of S, stream surface
e SLEAE LA
F BR 1.571 1. 554
R 0. 977 0.978
F R 1.535 1.519
2R 1. 168 1. 142
3 HZREHSW
3.1 BERNEEEERED T
R SN
_ w9
w = Dy ox (13)
RN
L,
c, =2 a4
\%

b w o 3 5IR RN 2y 7 8 B i Lo N
W52 K5, VOl Bh R X A2 Bl R L B Bl bk
B

WS 2 3k — > 3l w3 18 B R — A 5
T.K 2 BoRsh#mt TGRS — 4 T i
W BB . B R c=T/4 812, fE8h it R, 5%
K 83 % M- 4 (P 2Ca)) , iy T 2h 4 T3 1 6 ) 5
Wi i 2 A oy BT HE IR AR R g B R AR T
TR B REEAWIE I, (=2T/4 iF 2] )\ 3
MRy 7K 1) 30 v R Sy U0 RBP4 43 i
YW 3 TR T ] R AR AR XA o R R
et TR, N =2T/4 Bf 2% (=T
Fish 220 8 30 - 0 7 T () R 30 N B A T A R
WAE Gt S, A0S, Z M8 3 3E D Y I £ OO A



511

FAEUIAE RIS T B R S 2779

3.V L B A A B 2R T AR A A 3 R
1) 2 38 A 1 it e 1 A 2 AR P Lt AT . d
iy % W 3 181 3% B )y v R 4 . B AE AR /N RUBE Y
B 7 154

264 372 48.0

(c) =374
K2 WEsf

Fig.2 Vorticity distribution

V (m/s)
280 350
120 1.2 8
N \
1.0F ™ 1.0F *
N \M
08+ g 0.8} .
< s ol ==
2 06} 3 06 : |
04F [ oA
02f 02f 3 |
0 L ’ N R | 0 N L N M s |
0 020406 08 1.0 0 020406 08 1.0
fo_‘ xH_s
(a) =774 (b) =2774
121 12
10F ™ LOF
] 0.8} o) . - 0.8 F N T—
=~ | —h L
i) 0.6 | = 0.6 ._
04} |04
02f 02F
0 ’ N . = 0 M s |
0 0204 06 08 1.0 0 02040608 1.0
x/L, x/L,
() =37/4 (d) =T

Pl 3 OO T N R

Fig.3 Velocity streamline distribution in the stator passage

3.2 HEFRHHMEAKEFEEESHT

B VIES V]
c,=2"% (15)
P — b
Kb pr WFEOETE.p MO FFE.
_ G,
O (16)

T s 28 A1 Bl 1) et 2 ol P A A 3 L P 0 3
548 55 HY R

U PP A LA R e R e R D AR R
A5 B Pt BT % 07 5 8 3 Y S 1M1 1) ok 3 A et TR
U S S B . i I B S R i
51 B T2 0 s A R SR ALY U R . TR AR
K0 Al ) B BE 43 A CHIE 4) W 355 W 7 ) At G P A
15 3 ASPIRIR 2 1 DY AR h sh ik B &b A
F16 i X G ES L 73 B R A 1) T i o A a A A LR R
FHere AR5 » LA RO 1 2 1) DU JR A5 5 5 2 Dl
IR B rh T R R i i A R AR B —
vl o> e 2 e i 4 2l Pk gl L 5 — AR 2 W I 7 1)
i T AL A 5 5 3 AR R C AR i I 0 T R 4
WA 30T » DA I 5% 5 v 119 /N RUJE T8 5 30 Wi g T A
o 14 P 58 16 e % A A HAE F 7= R 3

3.3 HmAitEE

aCPI(]lm]
-400  -240 80 80 240 400
\ \ .& --" “-1." N \ a k&- ,.”
: e SO . ols
\\'H 1';&- " : in ‘\" g .
,ﬁ ¢} NN 3. Gl
. P A S =
\\ '" \ 7 B“ 3K
v ~ Foe ST
\\ }\ -o o0 Wit --..u 8.
(a) f‘TM (b) <2774
w v : &" “ ek N5
. 5 .
NN G oy N2 3
I at C‘u rC (L}
\\’\:‘:.,IL \\# &, '.'__-
As‘:i;_’," "“ Bh l“
N\ Nzt TN N\ \ o Iy
3 ‘“ 2 - i h - “
(¢) =3T/4 (d) =T

P4 R 2R B T 1) A R 43 A
Fig. 4 Axial-gradient distribution of

static pressure coefficient

UlLiﬁmszjj**gtb\ﬁm

3 AR I TR R 1 E N IR 5 B A Ik

Dt T Tz AT DMD £ 5 #1770 i 38



2780 i o= 3

AN S ¢ %33 %

i WA 5 T R O AR L R O
S A 4 52 3 47 DMID b B, 722 £ i
B C, SR 5 i 16 5062 I BRI e 5) , 22
RGAE I b PR R 2, B HOB R
B S Tm A, S A B B HE R HE B Rea,
W 5 R A . 1 6 KR RS
0 BASR |V, || 26 BEAS 0 BE A B 22
RS AT A% . DMD 3 B A X F S =
0 HXt B BEAS T (T 6) ot FL il £>0 Hlz 0
Z5. P05 PAT 2 By AR £ — 8260 Ha,
Fr=16531 Has Srh & 56 R fo—21

LO}
0.5
E 0
-0.5
-1.0
-1.0 -0.5 0 0.5 1.0
Rc ﬂ’.’f
Bl 5 PERERERE C WFRAEE A, A9 4340
Fig.5 Eigenvalues A; of companion matrix C

=

f,=8269 Hz

Vot

f=16534 Hz

8
6
4
2

] 2 4 6 8 10 12 14 16 18
fkHz

P 6 AN T A3 2 T AR 3 W B 00 A

Fig. 6 Mode amplitudes distribution corresponding to

different frequency

P(x/L.,y/L,)= (0.04,1.11) 3 ¥ wf nf J
T2 W 7 1T B30T A — s % S i i ) B 1] ) 8]
AT 43T A3 E0 18 5 R B0 A N EL 7 Ca)) AT
T R Can sl 7(b)) . 5 SCERC29 TR A5 SR 2L,
AT e B TR OGS R A ERR ) =
8269 Hz 5 )i 3 1 45 2 (blade passing frequency,
BPE) AH—Z . BRI g i3 52— 4> 2l A 0 4%

DMD i3 & Can &1 6) 38 I8 53 B 25 490 3% 5]
(P O bR E IR, H 32 R A — 2

PP 5 AR 098 A [R) ) & DMD i af DLk — 22
s M2 R B . 18] 6 Fh A 32 SR X
IO PR R AR L LR S R B 25 A I SR IE

400
350
300
250
200

150
100
50
0
=30

C/(1/s%)

0.010 0.014 0.018

tls
(a) WHERE

0.002 0.006

Power spectrum density

0 2 4 6 8 10 12 14 16 18
fkHz
(b) VIR

B 7 C. IR B

Fig. 7 C, time history and power spectrum density

D 1

B A R — A A # R I ) A Y
F— BRI R IO AR S AT 2 T T 37
2 2300 1 JA A Bl L PR B AR 1 B AR A X
WR 1 =8269 Hz MRl . 1% B4 245 i fe K, &
AH AR X I 1 3 o 25 K T BB L /R RO,
PR 25 A R, 355 S0 R R 30 o ke A 2 Sy S R A
(4 245 T) 3 A R s o K i RSB B R A7 8 g A S
SRR BN T AR A 08 O U 7 1R R 53 A &
CHn L 8)  Ji i 76 10] N i 4% 8l i i 8 5 8 3 7 3@
iz g B e 25 B LA — 20, 1 B A R st
T8 ey 245 ) E P 3 A P B [T S e R

2) 2 Brids

WA f, =16 534 Hz J& 3 it 38 i 45 R 1 2 4%
B, 2 MRS X e 9 51 B R A X
A THE 0 RUBE LL 458 K 30 5 T it R JE I A S5 114) 34 K
W IWE 9 B3 3 Gl & 7 5, 3R i 20 19 43
A7 B i A AE ] i R ik A vh B R, e
BHTEREEIE R R 1 YA R 1/2, KR T
RRUBE 308 % ) T 97 A% B v 09 47 5K B/ RUEE 48
B, 2 BRI 1 BYRLAS Y m i U .



%11 E @A AL T 0 R R T B R 2781
C/(1/s%) V. (m/s) v (m/s)
1.2 = 120 [ B | 1.2 } m B |
A -15 -9 -3 15 I 0 60 120 180 240 300 M 060 120 180 240 300
1.0} 10F 8 S ) N
0.8 0,8. H 3 T
| T . “dy
= 06F ' 2 06} L~ 7 '
ERA S ~ P = * a AN
K | ! : : 5 Y
0.4 PG | 04 .
. l -
I . W ,Q }
02 02F - I = |
[ - o i (€
0 L ] Ll 1 0 1 1 P | 1 | 0 L L 1 P |
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0
XL, XL, XL,
(a) Wit AR B (b) #JE (c) ik
K8 1B
Fig. 8 First orde mode
V(1 V(1
C K1) o(1/m) o(1/m)
1.2 B 1.2 Y | . 121 | . -
Lo - 1" 0 40 80 120 160 200 L 0 40 80 120 160 200
-15-9 -3 3 9 135 j \ L&
1.0 LOF k"s\ LOF %
CNG P
0.8 A 0.8 0.8F # -
" \f:"‘i-?;":r:‘n ; '-'/ ""l?"p '.;' . -
- " ; 3 w o I
06 o> - 2 06 ﬂ:ﬂnc»-- 7Y )
= \ ~ . - L P A " Pty M A
{ . L./ / i - > |
0.4F S O | 04f © 04F o) wel
L) S . I8 2
0.2 | 0.2F 0.2F ~ e
.y </
1 1 L L1 i | L 0 R 1 P | 1 I e |
0 02 04 06 08 10 0 02 04 06 08 1.0 0 02 04 06 08 10
XL, x/L, XL,
(a) IR (b) #EHE () Wik
K9 2 B
Fig.9 Second orde mode
PP YA Sy B U e % (BPF) L 238 3 1 38
s Tk

KT LES J7 3 B E AL R HL sl it 1 40
G WS IR E A B IR B 45 4 s AT DMD J7
¥ X 0 38 P I AT 20 A 3 BT 2% AR 25 0 i
A iz s . AR B 4598 .

D) i R 5O 230 A 48 7R 1 i % 0 ) T
2 B gl e 4 4 ol B AR /N RURE B9 B 7% 169 . 3
I 2 T8 A 3 3 PP O RS 52 2 AR AT

2) T 06 JEE B 23 A1 3 AT M S R T Bl B A
PRI Sl T T O AR R P B s B i R
Ak T % T I % AR A A AR DR 3 2 3 R
U551 S B A3l T8 R S IR

3) i 3 G 5 AL A R 0l i A R
FEAR A oY B o T T PR Sl 2 A B A5 A S T
(7B O G P AR AE P S 2 1 RS

SE B U S I 32 T AR R R B T T A B )
TR BB B G s 5 2 [ A 25 i i I 52 2 3l i
W R SE A AR 2 A 2SR RO 1 B ST
1 1/2 ACRB/NRIED S

S 3k :

[1] DAVISR,YAO J. Axial compressor rotor flow structure
at stall-inception[ R]. ATAA-2006-0419,2006.

[ 2] HENDERSON G H,FLEETER S. Forcing function effects
on unsteady aerodynamic gust response [ J]. Journal of
Turbomachinery,1993,115(4) . 741-750.

[3] HSUST,WO A M. Reduction of unsteady blade loading
by beneficial use of vortical and potential disturbances in
an axial compressor with rotor clocking [ J]. Journal of
Turbomachinery,1998,120(4) :705-713.

[47 WO AM,CHUNG M H,HSU S T. Gust response decom-

position in a stator-rotor axial compressor with varying ax-



2782 o= s 1 ¥ R % 33 &
ial gap[J]. Journal of Propulsion and Power,2015,13(2) [15] VINHA N,MESEGUER-GARRIDO F,VICENTE ] D,et
178-185. al. A dynamic mode decomposition of the saturation

U5 ] B, Z=88 0, BETT. mEFHE ] dh ) [a] B5 X iF R 2400 52 i) Y %5 process in the open cavity flow[]J]. Aerospace Science and

(e )], #HEdEHE A ,2004,25(5) :416-420. Technology.2016,52(5) :198-206.
YAN Zhao,JI Lucheng, CHEN Jiang. Numerical investiga- [16] MULD T W, EFRAIMSSON G, DAN S H. Flow struc-
tions for the influence of the axial gap on the use of clock- tures around a high-speed train extracted using proper or-
ing effect[ J]. Journal of Propulsion Technology, 2004, 25 thogonal decomposition and dynamic mode decomposition
(5):417-420. (in Chinese) [J]. Computers and Fluids,2012,57(4) ;:87-97.

[6] MoRIE, 2V, 2Rk, 45, AL P R /30 52 1E A (171 FEHCHE sBI03hME M T3 FUZ 0 PIV S8 A5 [ D] Kt
B oM 55 B e [T ], A2 B 05 27 41, 2011, 26 (7) 1647~ KHEER . 2013.

1653. TANG Zhangi. Particle image velocimetry investigation of
YANG Rongfei, LT Zhiping, LI Qiushi, et al. Analysis and strong disturbance effect on boundary layer[ D]. Tianjin:
verification of wake boundary layer interaction model in Tianjin University,2013. (in Chinese)

compressor[ ] |. Journal of Aerospace Power,2011,26(7) [18] GREENBAUM A. Iterative methods for solving linear sys-
1647-1653. (in Chinese) tem[ M. Philadelphia: Society for Industrial and Applied

L71 e, b, fh i 25, gt Rk xt s JEA ML R Mathematics, 1987.

ARy AN OB A TR AN I&%%Iﬂl%fﬁ 2015,36 [19] RUHE A. Rational Krylov sequence methods for eigenval-
(4):744-751. ue computation[ ] ]. Linear Algebra and Its Applications,
KAN Xiaoxu, LU Huawei, ZHONG Jingjun. Study of in- 1984,58(4) :391-405.
fluence on the rotor wake to the unsteady separation struc- [20] ROWLEY C, MEZII, BAGHERI S. Spectral analysis of
ture on transonic compressor stator[ ]]. Journal of Engi- nonlinear flows[] |. Journal of Fluid Mechanics, 2009, 641
neering Thermophysics, 2015, 36 (4): 744-751. (in Chi- (12).115-127.
nese) (210 AW ik & - XIBKAE . B sUR SRR TR 3h

(8] Jalmesh, a4, 8. 4ty Ik dt i 8 5 i im o e [T . I AR EL A i M R0 LT ) A = 3 s A . 1999, 14
fiias s f1 %4, 2008,23(8) 1 1466-1473. (3):265-269.

ZHOU Xiaobo, HOU Anping, ZHOU Sheng. Analysis of REN Yuxin, SHEN Mengyu, LIU Qiusheng. Mumerical
unsteady vortex sheet in 2-D axial compressor[ J]. Journal simulation of rotor-stator interaction in a transonic com-
of Aerospace Power,2008,23(8):1466-1473. (in Chinese) pressor stage at off-design conditions[J]. Journal of Aero-

[9] SCHMID P,SESTERHENN J. Dynamic mode decomposi- space Power,1999,14(3):265-269. (in Chinese)
tion of numerical and experimental data[ J]. Journal of Flu- [227 JHIE S 8058, &k S L 8h i A HEJE 52 S8 1 T
id Mechanics,2010,656(10) : 5-28. [J0. Wizs 8 #1241 . 2003, 18(1) :46-50.

[10] ROWLEY C,MEZIC 1,BAGHERI S,et al. Spectral analy- ZHOU Zhenggui, HU Jun. The analysis of unsteady blade
sis of nonlinear flows[]J]. Journal of Fluid Mechanics, force in a rotor-stator axial compressor[ J]. Journal of Aer-
2009,641(6):115-127. ospace Power,2003,18(1) :46-50. (in Chinese)

[11] SAKOWITZ A,MIHAESCU M,FUCHS L. Flow decom- [23] REID L.MOORE R D. Performance of single-stage axial-
position methods applied to the flow in an IC engine mani- flow transonic compress or with rotor and stator aspect ra-
fold[J]. Applied Thermal Engineering,2013,65(1/2):57- tios of 1. 19 and 1. 26 respectively and with design pres-
65. sure ratio of 1. 82[ R]. NASA TP-1338,1978.

[127 #eps7, #& E S 51 A DMD ik 58 fA /T3S0 4 5 1 [24] GOURDAIN N. Prediction of the unsteady turbulent {low
AGERL)]. fias 24, 2017,38(8) :10-17. in an axial compressor stage: Part 2 analysis of unsteady
HONG Shuli, HUANG Guoping. Introduce DMD method RANS and LES data[ J]. Computers and Fluids,2015,106
to study the dynamic structures of flow separation with (9):67-78.
and without control[J]. Acta Aeronautica et Astronautica [25] POPE S B. Turbulent flows[ M]. Cambridge: Cambridge
Sinica,2017,38(8) :10-17. (in Chinese) University Press,2004.

[13] TARVHRAE, XM, % Tty B Ak e ®imsh iy [26] e, AR EHh i WL 0 3 3R 2 & i 3l 11 K I A
DMD #E&43 Br [T ] 3 07 TA2% 4 . 2017,37(6) :447-453. [D]. db5t: o E R BE . 2014,

DING Jie, HU Chenxing, LIU Pengyin, et al. Dynamic ZHAO Long. Large eddy simulation of unsteady flow field

mode decomposition of the unsteady flow in avane less dif- in a low-speed axial compressor rotor[ D]. Beijing: Chinese

fuser[ J]. Journal of Chinese Society of Power Engineer- Academy of Sciences,2014. (in Chinese)

ing,2017,37(6) :447-453. (in Chinese) (277 BH X PRFE L ZE ARG, R 3 /#4340 o i 75 e XL B e i
[14] WANZH,ZHOU L,WANG B F,et al. Dynamic mode de- M E s BUE s ()], g AR, 2014,35(6)

composition of forced spatially developed transitional jets

. European Journal o echanics,2015,51:16-26.
J1LE J | of Mechanics,2015,51:16-26

774-778.
ZHAO Wei, LIU Zhende, LI Shaobin. Numerical investiga-



5 11 4]

AR R ACHLSh 0 0 0 B

2783

[28]

[29]

tion of wake/potential-stator boundary layer interaction in
a transonic fan stage[ J]. Journal of Propulsion Technolo-
gy,2014,35(6) :774-778. (in Chinese)

PAN C,WANG J J,ZHANG C. Identification of lagrang-
ian coherent structures in the turbulent boundary layer
[J]. Science China Physics, Mechanics and Astronomy.,
2009,52(2) :248-257.

AR AE XA B . RS S MR X AL AR R
KB L], SR AR 2007, 28(2) 1 167-169.
ZHAO Yangzheng.LIU Qianzhi, LIAO Mingfu. Effects of

[30]

uneven blade spacing on unsteady blade forcing in an axial
compressor[ J ]. Journal of Propulsion Technology, 2007,
28(2):167-169. (in Chinese)

JAe gy, Ji . R T ol 800 X il A AL i e
BSZ R [T fias 3 71541 . 2009, 24(3) :138-144,

ZHOU Xiaobo,ZHOU Sheng. Investigation of the effect of
wake impact effect on vortex sheets of the downstream
blade roe in axial compressor[J]. Journal of Aerospace

Power,2009,24(3) :138-144. (in Chinese)

(¥ . Z28)





