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Numerical simulations on circumferential propagating characteristics
of tip leakage flow oscillation in compressor

WANG Hao', WU Ya-dong'?, OUYANG Hua'*

(1. School of Mechanical Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China;
2. Institute of Gas Turbine,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Through numerical investigations on the characteristics of tip leakage flow os-
cillation in a low speed axial compressor, it was found that at large flow rate conditions, the
tip flow field did not vary with time. As flow rate decreased, the tip flow field gradually
started to fluctuate, meanwhile the tip leakage flow oscillated periodically, showing that the
origin position, vortex structure pattern and impinging position on the pressure surface of
neighboring blade changed with time. The tip leakage vortex and its detached vortex induced
low pressure regions on the neighboring blade surface, leading to the oscillation of pressure
distribution in blade tip region. Then this also affected the generation of the tip leakage flow
in the neighboring passages. The interaction effect of tip leakage flow and the neighboring
blade was the main cause of the tip flow field fluctuation. Furthermore, the tip leakage flow os-

cillations had phase lag between neighboring blade passages, which induced a flow disturbance
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with non-blade-number periodicity propagating circumferentially around the rotor.
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compressor; tip leakage flow oscillation; numerical simulations;

frequency spectrum analysis; phase lag

JE AL P A A P T O U 3 Je T o BE X1 —
WL & — PPl 2 2 i = 2 AR 2 W i 8l A R
BIL B P BE FIES R R A7 2 532 Wil I U s 3 A A
233 B B R | BEAR E SALRCR B AE /D i T
OUF RAEMAEE ®IRG &5 RV TR
o G PEAT 8 U0 G & 0 e B 2K S i R S AR E
PR AR L I S R VE 22 3 B0 1 R i T i
U AR E B PR G RHAE 19 WF 5. Mailach 4 AW %)
B 4 GARHE B R AL AT B 5T . R AE /N
AR - T[] it 9 A7 0 T ot T[] B 308 2= 55 AR 48 - A
SR SR TV e TR 3 A R AR E R . B
A2 I 38 3 A P T A] B e A B R 55 58 R Y R
b, 5 20T e AN R M 7 A T e AN R M A
FNY 0. 25 £ i F i 2o 45 4 (blade passing
period, BPF, it K fi,). Bae ¢ NS BF 5% T 5 %
ACHLF- T A PN S e T O O Y AR R R
P25 0 T[] B R 2 00 W 90 % 4 B B 7R T
T T O O A A T R I PR R . Biela %
NSIE S T X80 A 9 3h AR s P 2 i T
U PR32 7 B 1T HLAE S 2 T 0 ) T A% 4 1 4R
BFECT 0.5/, BT A AR T . Hah 55 A0
Xf— B AL FEAT TSI BB B Y, R
IR TH03E 3 3 1) I 3 AR SN 0. 5, » I EL 3 £
AR T AT A 2SR S
ook T U R 9E € W R %, DU Juan 4§
S o o — 5 7 AL AT SR B Y
N TR0 A 5 A T IR R B AR E
Bl AR AL bR R R XA R E W s B A — 1
FROEAT A, H7E 48 %00 Aa b 2 W 28] (4 3 22 01 %

Bellmouth
\ _/ Measurement plane
Inlet flow f—F

Guide vane Rotor \jeasurement plane I1

CESS TR S L YRRy S R
LB 2 4 A A O L A 9 30 5 1
e R (S L BT AR T s, 10 90
B LI T 0 DU A TR . 8%
N 2 A RS T o T
R 5 EL A 6 £ 9 2 5 B 76 R RUE 1
7 U 4 B SCHL F T
AR5 05 A D1 4 1

i L O T i 37 40 A 0R 0
TE A I 31 1 S 2 VAL 19 1% 3 0 37 5 4
¢ Z HIRF 52 45 S8 o I T 0 2 1
o IR R X8 S0 L1 444 07 30 913
WF 552 AR ST (I 8 1 L 0 )
Ui TR T 43 A 5 O R L 3 A
LN R o B O TR
85 0 K3 40 O T3 2 5 0 T R
o MEDU 70 7 D 6 220 25 1 32 10 o T O 9 £
24 L O3 3 R 35 44038 2 1 A
AHALAE R 5 S5 T 0 T 1 90T — A3 A 1
A4 10 0 S04 3 e 0 60 S5 T W T IR

1 HRIHR

M AL AR 1 PR 5% 74
T 2L T B 13 A SR AR
fE . AL 8 B AR 600 mm, §
B 0.7 BT AL I A R 4 Bl 4. 9kg/s
F13000 r/min, %~ 15 ] B2 K /N 5 0 5 09 & 43
ELoh 2. 2%, 76 A HLAE T8 HF 1122 56 1 101 45 i A
TRUEA A S 88 ALY I it il 2 4% 3

Throttle core
1

B — |

Motor,

PE1 AR SE Al TR LS 0 15 45 4 A

Fig. 1 Configuration of the low speed axial compressor test rig



540 it =

T H O R AL R T 3 i 9 T ML
A ERRIISHEE 1.
F1 EERAESHIREEESY
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low speed axial compressor test rig
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Table 2 Tip leakage flow oscillation period T, delayed

time At and oscillation frequency f at different flow rates

TH T/t At/t” S/ fon
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D 52 34 1.23
E 59 26 1.08
F 63 26 1.02
G 70 29 0.91
H 75 32 0. 85
NS 78 35 0. 82
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