531 % 45 8 ] M= HF#| Vol. 31 No. 8
2016 4= 8 A Journal of Aerospace Power Aug. 2016

X EHS :1000-8055(2016)08-1964-09 doi;10. 13224/j. cnki. jasp. 2016. 08. 023

M E SR R SEEIERE ST

wa, TEERY, TR AT
(1. dbEss iRk BBl S8 I TR BE, Jba 100191;
2. S A KWL R e, dEET 100191)

1% B 43R P R 1 R R 3 X il R S /N AT TR B AR E A BT R AR T R IR
SRS BELJE AT e T AR S R B D A AR X R (iR Bl B e N HEAT T AR A A L 9 5 R R
YET X H. G5 3 . RUINME B A7 78 1 45 1 R 05 R <0 8 SR T < s b R M IR B s e KB IR B T
W R TH Y 3R S A A L SR R R AR T AR S A S L RN I R Y 1 B AR A R TR 1 R Bl A
ZSBEJE L7 0. 000 791, T 3 FL I T T A9 0. 000217 , F /NI F A X T8 JL 3 7 ALk 3% T K8
fils, [ B 3 1 5 T A3l T e

* W MWESNL KA I AshiE s Bk

FES%ES: V215.3 XEFRER: A

Aero-elastic stability analysis of an axial compressor

with splitter rotor
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Abstract:” The aero-elasticity, of an axial compressor with splitter rotor was investigated
by employing energy method‘and time-domiain method. The aerodynamic modal damping ra-
tio of blade and unsteady aerodynamic work distribution on the blade surface were obtained
while the frequency/domadin analysis of blade vibration displacement were made; the conven-
tionally desighed roters and the splitter rotor were also compared. The results show that the
structural mistuning and aerodynamic mistuning had significant positive effects on the aero-e-
lastic stability of the system. Aerodynamic mistuning improved the unsteady aerodynamic
work distribution on the blade surface and the structural mistuning weakened the effect of in-
terblade phase angles. For the first vibration mode, aerodynamic modal damping ratio (AM-
DR) of the splitter rotor has the value of 0. 000791, and that of conventionally designed ro-
tors have the value of 0. 000217. Therefore, the structure of the splitter rotor not only has a

better aerodynamic performance, but also enhanced the aero-elastic stability.

Key words: axial compressor; splitter rotor; mistuning; aero-elasticity; flutter

JeEML s R APLE SR AN @ R LE A R SOPLI I 2 16 R RE L Ok SR B R AR
ROR RN R BT R O RE S SO IR B M d il BRSO N BT SR L RN R e O R R R

W #s HEA:2014-11-13
EL£TE HE A AR IS (51475022)
TEF T WAL (1990 —) , B IT VU BR B, At AR, 32 9 M 0 25 2 S WL45 b o B2 R 30 ] /< 3l B v A PR RO BIF 5.



5% 8

BN LI A Tl TR LR/ M R Bl B AR T A 1965

H Wennerstrom %5 2 W F % 8 Y 5l
BEADL 5 S 00 45 1 9 BR L /N i R K g 3R A
Jf P T B A L 3 AR L BE R BUE B R 19 &
J& R/ A R R Z B E A IR EE NIRRT
BAGIERAR T,

B & L 2 A LB A B T D T 1) ek R
D5 1) e s Wt A Bl B v 2k R RT R PR A X
R KU/ (6] B A7 7 3N e 1 R 45 48 51 - <
BRI B /N RS T IR R O DL SO A
R AR P PR N (N e €2
FEAN TR B 20 4 232 T 30 R T 298 Bl IE S % B
P FLA — 2 IR AR TS B, RN e X
T 0B R E PR T RE R A &5 AR L R A
Wh R I e ALK /NI 7 1 3l S A o
1753 Hr.

B E X5 RN R A e AL R Bl R Y
I AR 2>, AU Chiang, Fleeter 55 78 H A 5% H1 Ik
SR /NI Sk 0 o A A T R A
B TR/ e 254 T8 =X 5 85 ik e A, T
T AT DA S48 A0 i R 03l Sk 00 43 B O s, ok %
A R/ BB SRR E

AR S % Sadeghi FI Liu X 545 - #4943 #r
D5 P RS /N Rt DA L 940 R i
SV RN B 3 6 T IN mE R R Bl sk AT T 4
BT ARAE T i A LA BHLJE B A 3R 0 1Y
A5 W BN o A, X RE R BR SRS T N HEAT
TR BT 5 LA B R /INE R R 0 S Bl T
P 975 5 R T 1 AT T R L.

1 HEERENFZE

Tt AR G i 2 B5 (A T 5 YA AL R T B A A
SOP R TSGR 5 o B U T R S T O A
B L BN A A R OR L DA R B 4 U1 SR AR
Jrkte,

FERAEALBE 38 H A 25 i Y ) 2E R
AR S R 2Z (6] () iz 2l B0 38 2o - 8] AR A7 FA A B
ORI, IR T & A - W] B — i 9647 430 A, LB
BOE R0 R G IR3h FE

MU+ CU+ KU = F (D
X M, C, K 5351 28 J5 t 46 B | BELJE 46 B L W2 46
M. U MRS, F &A1 38 48 far ) 2. X F 3 [
AR 3 3, S0 &R A kg it 3R T KB B
T 3t T U 200 0, 32 30 25 M R 3l 14 5 i) O TR 5 i
Bl R il T BEAE 2 R A AH ELAE R B4 B R
S T B AR A RN 2 R R B

N THBE S FA R 2 s i, XD AT DL R
MU + KU = 0 (2
KA Z B 1 PR 3 09 R AE (R IR) A, 0T AR )RR AE
Ao BB R Y EE AR wo= /A XA IRA ¢, B

K¢, = AM ¢, 3)
SR IR S 7 A T DL Ik RS R M 4 A
d= > q ¢, (4)
AP g IS DEEWNT AR,
e & 48 BA B A B e . B 5 3R 86 ¢ 19 B
JE %5, vT LIS B A AR i il S R
ék+281ewkék+w%q13 = (t’hIF (5

A & MBI L.

A SR AR ANSYS i F 34745 25
3BT A5 B 5 R B A IR AL L A R, A
#] NUMECA #i i) 0 14 A f e

K FH B 38l B T A A AL 2K (5) AR
2k A7 ) BT D AE RS B[R] A AR A s
A AT (4) L BV AT AAS H s M 1 Bk sh 62 %

e HRERVA I A MR R S IR B IR 50
JNSAE RS g BT 8 . S5 R I T RS TR T B
FEm A DOE,

P RRRE B AT B B S S S B2 L R

— D W
omo = 2m( )’
K W o — >4 20 J8 1] o8 A1 Ao % it i
B o B,

fig 1 v LU Sl D) 0 TE B0k I W i o2 S R AR
B , LR SRS B JE B 5 K/ ok A - /< B
SRR E R

TE RSPy B (8] 25, AR 40 R 1 v s Bk 43
MriZEsR, B B 1) AL RS SR AR 0 | 19 A
o i, K H 3l I A% 42 R X5 U 3 W A 47 28 I8, X
Navier-Stokes 77 B #E 17 A1 I (% I8 38 I 3K f#f , 15 %)
B ZI B . i o A 3l R A Ab B L R F R
Pt A% 358 5% WL SCik[15,17-181.

2 HESHEE

THE TR W 12 F Rkt R f 12 /g
R R Herh /it 5 a4 S K R R 90 %%
Vv SRVINU WSS N AW =t SUP L A S ey AT N
h T A RN R S A B S0 B AR 5 R
e FAET X437, Chiang 48 78 SCHk [ 11 ] % kb 43
BT /IN I R ) 0 A P /N I R 4 S 4
R R SCHRES I ™ WY 48 Bl SR JH B B PE RE L 4K

(6)



1966 it =

VAR N

%31 %

T5 G A SO0 BE R BOM [R] v A 808 BE Y X
HRCCHCO/S, G, F1 Co 43 R RN B 5% K
S M. 22 5PN T 5L AR SCXT T R
R A 20,2224 F. R RUAT BE VR SS H Al K
R BRI 4 A7 RS R 58 2 M H L F i
TG 5 RN R % 7 ok i i R S B T
{0 8 B A, 1Sk R/ R 258 A B T
RN R R R IR SR ST R U A TR AN ]
SUBALTT I R AR [ S AR A Rl 43R FH 2 B
P A A%, Shy SHE 1S3 A B2 RN Ak 8, SR [R] 428 1)
A% L 17 2, B R A I A AR B2 60
T3 BT 1 )2 MRS AT v <5, 2 RHE M
TR L RS 4 D LA B BE 1T b BE 5 /i
R S IE

BT RN R B A R DT R R A 9 A%

Fig.1 Finite element model and fluid mesh of

splitter rotor

3 MRABRESIRIS S0

TE 100 20 5% 3 #E A7 TN F7 825 70 #r » 45 5
TR/ T A A3 S AR . R /IN I Y [ A 00 R
RS0 UL 3R 1 AL 2. 3% v iy A0 R B MH Sy A
X R F 2 1 B A A A EE A

®1 K/AHFE 10 FEAHE (HEXE)
Table 1 First 10 natural frequencies of splitter rotor

(relative value)

[f] A 43 A
ik

p U ANy
1 1. 000 0.979
2 2.549 2.563
3 2.670 2.692
4 4.177 4. 267
5 4. 684 4. 823
6 5.782 5.976
7 6. 367 6. 905
8 7.304 7.532
9 8. 344 8. 471
10 8. 880 8. 940

VIDTAtON m———— Pa—

mode 0 0.4993 '0.9985 1.4978 1.9970

(a) KA (b) /I F

2 KR 1 B s k2

Fig. 2 1st vibration mode of splitter rotor
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