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Study on Mechanism of the Effect of Shrinkage Clearance Distribution on the
Performance and Flow Field Structure of Transonic Compressors
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Abstract: In order to further expand the stability margin of the compressor, four shrinkage clearance dis-
tribution schemes of 25% ¢, 50% ¢, 75% ¢ and 100% ¢ were proposed based on the parallel gap distribu-
tion scheme. The mechanism of the influence of shrinkage clearance distribution on compressor perform-
ance and flow field structure was explored using steady-state numerical simulation methods. The research
results indicate that the shrinkage clearance distribution can promote the downstream movement of the
leakage vortex, keeping it away from the leading edge of the rotor blade tip. As the range of the contrac-
tion section increases, the scale of the leakage vortex and the range of vortex clusters near the pressure
surface increase, and the blockage effect in the gap area increases. A comprehensive comparison of the
four shrinkage clearance distribution schemes finds that the 25% ¢ scheme can effectively suppress the
blockage effect in the gap area, and the total pressure ratio and efficiency near the stall point remain basi-
cally unchanged. The compressor flow range is significantly expanded, and the compressor stability mar-
gin improvement ( SMI) is increased by 2.28% .
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distribution scheme

3 HELERSH

3.1 ESHUERES

Bl 3 AR IR o A5 5 S8 R ASAURPEXT LG, H
P13 FHL AR BE P A 1] B 0 A, WSc 4 ] B 43 A1 58
25% c T R PR FEAAS AN K, B/ N i B SO )



- 26 - W B TR 2024 4

Bt i G R TE 0. 474 ke/s, R HUBE LYY BUE U 96 98 0. 474 kg/s BTIE 25% ¢ TR
I CRIEARARAS RS HEREI] BALE . 1 50% ¢,  SMIRTFAYEEEN, i 50% ¢,75% ¢ F1100% ¢ J7
75% c F1 100% c WC4R R BR 3 AT 7 8 G € i ol 2809 SMI W43 R R T 1.65% ,2.05% F14.46% .,

/N, /NG B S BN, AL T k3 k9 R P g AR

3
e 2 e , 2.28%
7 EAHLEREIT R I, BlE W BOG g 5L
JEASHUPERE T RSN 2 . 1r
1.90 — 0__§ I B B B
” R 1 FHEE
1.85 FAin=+0.474 kg N 5 of -1.65%
189 -2.05%
1.80 =
k) 1.88F—— [ ~ —-4r
E 1.75 + e . _5 1 1 1 —446%
pic] P ST 0 25%c 50%c 75%c 100%c
170} 18195 1956 NGRS
AT R A A
165 — some 4 TATH R E SMI XL E
—-—Z(S)Z:;c Fig. 4 Comparison chart of stability margin
1.60 | | | | |
180 185 19.0 195 20.0 20.5 21.0 improvement ( SMI )
FREF R /kg - 57!
(a) FE -V .
0.86 3.2 MG
AR o= . e .
osaf ey [ 5 IS A T B BB KO
S e o i 5 AL AR AT RIBR M, 25% ¢ J7RAE 0 ~25%
osol SEAST B N TE] B (3G 0, 76 25% ~ 100% 5% 1 5
*;ér ' (BB —2L, FTLAFE O ~ 25% 5% 4% 78 BBl PN 1) ] g 3t
0.78 F * e PN .
' i B K TP AT R R 0 A, T 25% ~ 100% 5% 1<
| s
0761 | *‘ 011 PN 1 ] B Tt s e B AR 5 P AT RN A3 A A T, B
074  shoiriige byl K 5 B L 4, M 45 B 324 5 1 60 B
1 1 1 1 | =) I i al ) 45 = Eoery Sl
07380 185 190 195 200 205 21.0 = ﬁ? E'jm‘j HISERTLARS i, AV 52 1 R YA ]
REWHB/kg « s7! Iﬁflﬂ‘ﬁiljjlﬂ @ﬁ%ﬁ*ﬁ%o
(b) BB &
1.2
M3 FREMSHHRESHFIEMHE . AR
1.0 —
Fig.3 Compressor characteristic curves in different Q«/ ggzz
s per e ‘ 100%ec
clearance distribution schemes 0.8

0.6
N TR R RSO/ N AL R AR R T Y A

PEAE E SRS E A it SMIT H

0.4

[E] Bt B /g + 7!

0.2

s

B

SMI:[(:j)x(ZB)—l]me% (1)

B 0 10 20 30 40 50 60 70 80 90 100
K 7" —BEH ; m—B R & fAibr B—Stage 35 FOH 2 (3 %

2 \LFE H 4\ — p=t ‘ﬁ: S o
R S c—WUARELH TR 5 EKEEARERERLKS T
N Py [ I=N
Al 4 R # L Gl REXT b, T 4 Rl R ’ i Fig. 5 Distribution of the gap leakage near the stall

HPAT I B 53 A1 ,25% ¢ J7 2810 SMIL $&7F 1 2. 28% point along the chord length



559 1

SR, A R ] B 23 A0 B 7 T LR RE S S 4 K M AT LB 5 27 -

Pl 6 Sy 301 2K 3 st P S T 0 DX Sl R 0 38 Y 46 53
i, FHIE 6 AT, M-k I A 4 T R 2%, LA
TR 2 1m) Ui A R 38 B A IR I e A= e ]
[i] st itk s 9 A FE TP B e i, O£ Bt K TR
fRREM A B, a6 H & B, T 4 R) B A
T3 & O Gk R S it U 48 ) S R R B S A
AV FE LA o [0 s 380 A 400 2 3 T T U o i —
A B I R S [ B DX 2 FE 80N A5 B A
SR, Bt 2 WSO B 1] It 31 T 34 A ] Bt Tt O 2 0
HE— 253 i 5 15 2 i — 2D s Ak T i R
WY 3, R AL ZE 800 IR, 238 50% ¢, 75% c
F1100% ¢ J7 ) SMI B #iFEAIK, 254 i &k BE,
25% ¢ 77 Z& Mt U 103 R W /N T A7 (] B 4 A 7 42,

Tt e 22 2 2 P A T 5, 0k 1) T Xm0 7 45 A i
WO

0T ELUL AR A 18] B R A A4 s A, A Hune 55
PRI Q A

1 1
Q= —?(eijele +02.0,) = ?(.Qij!)ij -e.e;) =

1 2 2
S Il = TEN) (2)

Xrfre, 02, — BRI IR K, 2, = -2, ;

Hi [ E| =epe;, |27 =2,2,=0.50l%,
N2> || E | B 5 DK N AR e X

FAN AR FAER, B Q >0 19 X3 n] 3 SCh IR

45, L Q =9 %107,

s - [T NN

0 100 200

(a) FATIEI BRSO A6 (b) 25%c

(c) 50%c

300 400 500

(d) 75%¢

(e) 100%¢

6 3L 5% A 18] B X A AR R R R £ )
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