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Abstract: In order to study the flow phenomenon of rotating instability in compressors with non-
uniform tip clearance, the Rotor 67 was taken as the research object, and the detailed flow field results and
the characteristic lines of three kinds of eccentric rotor were calculated utilizing the three-dimensional full
annulus unsteady computational fluid dynamics. The numerical calculation results showed that when the
average tip clearance was constant, the eccentricity had little effect on the characteristic line of the non-
stall part, but had a significant effect on the stall boundary. The disturbances in the tip region of concentric
and eccentric rotors had a unified physical structure. These disturbances presented as moving low-pressure

spots on the shroud, which were three-dimensional radial vortices starting from the suction surface of the
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blade and ending in the shroud, and had no direct relationship with the tip clearance leakage vortex. The

eccentricity only changed the circumferential distribution pattern of the disturbances, and did not change

the physical nature of the perturbation.

Keywords: rotor; circumferential non-uniform tip clearance; tip leakage flow; low pressure;

rotating instability; radial vortices

JE 5% A A2 e P! S —Fh & A TR AR,
G A B A R, R AR 2 (4
R R ) BRI, Teds Jr ) A
B e J7 AR [F A — AP sh . e AT R e A A
FE ML 26 3 T 00 FfHiT, {AIF A 2 R BUR AL
MR . T e A fR e Pish 5 2k 3P B G F ok
R UE A A B VI O, DRI, T ARk, Ok B
Z [0 B WA BIZ SR TAET

JiE e N Ao g B ik A OB — R B R
Mailach 55 & R SCHk . ZEAATTSE 56 rh & BE,
IR R] B BRI, AR Ak 25 th BRI, Hoio
Y 908 1 Bl 2 3 u, PR At A A e B S AR Ak

5T U s 0 LR B . 5 R, Marz
8 BVER S — & (R S R 9 it R DL T 8 T U
T, HtEE R i8R T 328 A IR = A
NI J7TH 8 S 2T —N R R DT, AR
JE AR B b & AR 118, 103248 ) 1 N — A58 18 1%
F& 2N 57— B AR A FRE A TR S L3

ISR AE SR, O T ekt AR e R fFEAR 2 K
Al W A R U, 3X 260 A5 Mailach 551 F Mirz
P BRI AN e 23 BN Yamada 5517 A
R 2 2 ) Bt AR KB, i U 9 23 AR R, T E
e AN R P B R 1 3 55 i Tl R B R R — 3K
Wang 55 ® SEEGHFSY T 5 1.5 R 90 i R <AL
TR AR E LN, 15 T e A ERE S i e
W ARSI AT OC . Wu &8 010 X 5 185 75 e S HL P
B A FRE IR AT T AR 5250 AR 8 2L
WS, W e B 5 b A& B0, Wt O s 10 3k
B T AR BN S BUE A P B D R R T i Bl A
B, HBA LR X B AR R = A R4 )
e, B MR IR AR PR B4 . 2020 4F Wang S5
P& O R LAY 00 A DA 28 ) 2R o i e Ak
BF, FE7E 3 A TAEB B, 28 1 TAE M BOZ A By
B, 5B 2 MRBEF AT ENT B, 56 3 R R B B
1t e A VR AE T — A 7 0y R, ik s I RN
B AR ELAE S B0 s T 0 R4, R 5 | A e i
ARRE B A

25 LTIk, H AT e AR e i s AL B

IR BEAIE W — ARG — BIWLRL, J3 R AR
AR B AT 58 R 2 A T UL I 2 ] Bt g g 1)
REAR DL T A5t /Y, I B %5 JE AR S 2 iR 18] B A
RS vsu g L S AR IR i R A P N |
RESHLIE oA, JRHLEI T i KT 25
HEE i 8 55 IR, S BUR LI [a] B2 A 1)
A A AEX ARG OL N, e T e i, &
AN R B AL A [ B i e ) AR Ay o At
Kok R b, b TBE T AR AR R R T R
M- 24 i) i ot O o O AR E R . BIPLA, S T IR
S 483 S 1t ] B R A AR E R S HLEE, 5 g et
2R [ B A4 AR 249 S P S T R IE S ke B AN AR BRI
LI EAT PR o ATCEL Rotor 67 Y
XI5, 27 Z i A AR 1 2] I 2 ] i Js i 4 R
BT ST R 258 o 3l o3 BT AN ] oL BE A 25 B
B 3 I 2R DX AL S A5 A A Ml JRE 1) S
T DX Sl 2 AN A B R 4 5 0 KL, 4 7 i e 3
14 4y AR 5

1 HARIIRMEESE

1.1 HRIFZ

AN SCHESE X5 Rotor 67 YT THS80n 3 1 fr
N A ODIRTIE €/ 5/ G = N BN q iR g &/
AJ 2051 55 bk Rotor 67 H A7 AH X4 KBy 22
[) B, 32 A AT R T A ARG - 2 [ i Ak T s ot 44
T B R, A B O TR A HLI A% . 55T Ro-
tor 67 MITEAN S0 AT 2 UL SCHR [15-16].

1 RA SRR Ak bR B AL B o
F AR R, w AT E S, & R
] Bt T v e g O B R 7 R R =00,

# 1 Rotor 67 EEZITSE
Table 1 Main design parameters of Rotor 67

S8 Bl
R 22
JiE % BE/ (r/min) 16 043
-2 [ Bt/ mm 1.016
JEsx I 1.56
MR IR 1.38

20220973-2



%124

A JA AR SR A BN R TR AN R B R R A B{E A AL

0-0° 0-0°

WA

Iﬁ]lﬁ‘*ﬂﬁ\.‘;

TRCHLE - p180°

6=180°

S O MV A R w5 e MY R vIN Bha =N ]
Fig. 1 Schematic diagram of concentric compressor and

eccentric compressor

T T JE A SR 6=180°, 55 A1 H Ro-
tor 67 th HHEE LRy Z BlEJ7 1, 0 2 0°1 75 )
SE SCh X IE 5 ), FLIE G e O e Sl
0 BYIET7 7] o

TR A AR A O AL P R R A A ] R
B AR 2 A B BE, O BEE SE XM HRe K43 Ta] B
(Ema) T/ N AR B (1) 2 25 B DA 21213 1]
B (£,e), WA (1) FR:

E= €max ~ Emin (1)
Eave

K e RARMREIPL, T 4% max. min Fl ave 537l
FORENKAE . B/ MEFPEHE . I E=0 X b &
¥ -2 [a B, E>0 5 0 2 U JE L

AR SCHIFFE B BEEN T 3 Fh O BE, X 3 AP i
o B FI 6 O A9 17 B0 43 551 A T A (e =1 mm, E=
0). T./% B(e,.=1 mm, E=80% ) FI T/ C(g,.=1 mm,
E=160%) , & AT it 2 [a] B 30 J&] 1) 04 53 A1 dn 5] 2

0.020

0,018§ k jSa s ks f
0.0162‘ SRR RS g

0.014
0012 e g S{
0.01005+
0.00646——F A
0004/~

&/lC

0
i
il
G
0
m
0

o
e
i
h
o
m
0
&

e .
3 | —a—E-80%

0.002G5 o E=160% ©
0 60 120 180 240 300 360

6/(°)

P2 mo i A J 1 20 i 2

Fig. 2 Circumferential distribution curve of the tip clearance
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