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Investigation of Corner Separation Control for Compressor
Cascade Based on Endwall Vortex Generator
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Abstract: In order to study the passive vortex generator to suppress the crosswise secondary flow of the
compressor cascade to control the separation of the corner zone, a control scheme for installing the vortex genera-
tor at the inner end wall of the cascade is designed. With the method of numerical simulation, the cascade flow
field characteristics are analyzed in detail. The results show that VG can suppress the crosswise secondary flow ef-
fectively, which results in the improvement of corner region flow. In the optimum control scheme, the total pres-
sure loss coefficient decreases by 8.1%. The VG placed inside of cascade can resist the crosswise flow and the
streamwise vortex generated by VG can interact with the boundary layer in near end wall region, resulting in limit-
ing the development of passage vortex from pressure to suction side. Meanwhile stream—wise vortex entrains high
energy fluid to suction side corner region to increase momentum of corner fluid. Furthermore, the intensity of
streamwise vortex are influenced by both length and height of VG, and the height of streamwise vortex core is
same as the height of VG. Thus, the final control effect is decided by both length and height of VG. Only when
they are chosen reasonably, the optimal effect can be achieved.
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Table 1 Main geometry parameters of cascade

Parameters Number
Blade height A/mm 160
Axial chord B/mm 71.7
Pitch t/mm 48
Inlet Ma 0.2
Inlet boundary layer 6/mm 18
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(a) Plan view of cascade grid and detailed
visualization of grid near VG

(b) 3D visualization of cascade passage grid

Fig. 2 Calculative grid topology
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Fig. 3 Spanwise distribution of pitch-averaged energy loss

coefficient at cascade outlet
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Table 2 Parameters scheme of VG

Case Length a/mm Height ¢/mm
No VG - -
Case 1 5 6
Case 2 15 6
Case 3 25 6
Case 4 15 3
Case 5 15 9
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Fig. 4 Streamlines on suction surface and end wall of

different cases
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(b) Local view
Fig. 5 Distribution of static coefficient along the blade at
2% blade height
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106%B section
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Fig. 9 Distribution of pitch-averaged total pressure loss

coefficient along the height at 106%2B section

M9 H AT LU B, A R i 3 & A A 581 BE O
B0 B R A O 2 B 4 38 5 T R T 22 il R 28 T
AT BE A R A R DL X, R R R 2 L
JE TR 7 GV /IN T AE XA i B R, e R A A ) 2 4
Ko Case 1 7E 7% M5 UL b W43 5 FIr s /)N , ) 78 itk
e B DLT I 4 2R U0 B R, A R A L R T 58
W /N T 3%, Case 5 HARTE 8% M iy LA L 91 61 B4 461 2 Uk
/NEE LY Case 1 22 (B T8 i & 28 4% ROST ROK L 7E 8%
R AR XY R e A R L R AR v B R O, R
7 25 A BB R AL S B 7 28 080/1N 0.5% , Case 3 B A
5 Case 5251, {H Case 3 Y &5 42 5% ¥ B 5 /), R
SRR BT Case S, A E J RS A B 458 2R 08N T
5.5%, Case 2 Fl Case 4 [ & 1K 7 A5 1% 4 AE 5 A AL, B
(451 2K 43 Ik /N T 7.0% F1 8.1% , 7% Case 4 1, 5% W



a0k ol

ST S B 16 Y A2 LB A B T ASCHL I B A X0 s R F 1291

e LA b A B0 T A 2 R D0, ALAE 0~5% P9I ik
BRI BB Case 4 AAXBAT PR A 3t 1) 36 1) 5 A
Case 2, Case 3 fll Case 5 1fij 5% Wi i 38 38 993 ) 1 55 76 H
M HL A5 2 8 3 & A= e RO 880/0N i DLAE 3T v B Ab
HUAE R T /N A B I A8 % 3X R AE 8 b s BE
5H

Tabel 3 Mass-averaged total pressure loss coefficient at

106% B section

Scheme Mass—averaged @ Relative increment/%
No VG 0.0872 -

Case 1 0.0846 -3.0

Case 2 0.0811 -7.0

Case 3 0.0824 =55

Case 4 0.0802 -8.1

Case 5 0.0868 -0.5

P10 73 531 S A 8 10395 RSP 2 1 1100 A R
D B 1o R I 0 A A, e A A A
FACT 7 1) 55 1) (Y gl aE ) ) 9 92 A, 1810 Ca) H Y
PR R R R M LA A AT A
i KA A % 30% R LA B X8R e K 4% 4 T
7 B BBER T AT A, Case 1A 3 1] 96 19 5 B LA
Kt It & A A 0 R ] U A Y BEL R AR T AR 55, 81
FHRCR A B, ST M 38 K3/, Case 2 Fll Case 3
F KRR K, Hi, Case 37E 109% M- ALY S I
AR IS OR T T 30, X T AR A T 58 v W T 3 R U
553, W% 3 TET BT 18T J2= 2 9 P AR R Y AT e BE ) G
Xt b Case 2, Case 4 fil Case 5 AEHE 7 5, 7E 7% & LA
HE R, Case 4 H B S AT 5% FAER 1L Case 2 P 3L
N TTAE 0~7% W i XA P 55 LM AR S, Case 4 B9
Y1 fA L Case 2 LK, 3K J2 A R Case 4 7F 3T Uiy B B
P2 BN RN R BAFAE T Case 5 IF H W]
i, Case 57F 0~9% Mt & N BY Ui 7% J5 FA 25 K T Case
4,100 HAE 0~7% W i P 5 2 KT J A0 il 3k 156 B 7
M 3 R A A R I A DA 185, ot Bl 3 % BB 0 AH L D 2
M TS, IR R Case 5 B9 7T A& 26 4% 0 de i
R B R B 2, K 55 H T Y e AT A

B T S g SR 9 e Y S A 1B 10 (h) B
7N AR it A A e e TR RS B A DL B IR
i Al 1) S L D L I K, R BRIR R A v 2D i
JRH AN L T AE XA R LA H T R n 45 2 D 23 1
T il 1) R R 3 5 R R R U I v Y 40 A R
AL, T LLFE #, Case 1 8 SR B I8 2% /0N, 76 3T I
BE b SRR WM 22 AHER T A ) i R R 5, DR IR

9 DX AR XA ORI AN G, Case 278
6% = LA 77 AR T — o s K R TE 69%0~20%
PN sl i B B30, Case 3 Al Case 5 119 3 BE 43 ff
Hi 225 R AH B, 35 SR 7E 8%~20% I i A< 3t 8h it 38 in
B2 (ATE 0~8% N WA B R B H K, Case 4 1Y
R 43 AT A LIS 0, 5% W DL 0 I AR Bl fig K i 4
K ALAE 0~5% N W& B8R/, BIBE LA™ A= 4R /N 114 B i
1 A AR M A oA A K T BE Y 5 8 A R TS PN 1Y
TR 4 A0 TR I L AT A5 O T B TR A

0.5 I
i No VG
04 | — +— -Case 1
! —— Case 2
03 F ! -+ — Case 3
SN l - -v - Case4
02 F : —-==- Case 5
[
0.1 |
OO 1 1 1 1 == Al
84 8 88 90 92 94 96 98 100 102
BI°)
(a) Exit flow angle
0.5
No VG
04l ~ + — Case 1
——+— Case 2
03 =+ — Case 3
< ’ c-v--Case4
N —-*—- Case 5
02
0.1F
0.0 .- e S - 1 1
0.6 0.7 0.8 0.9 1.0

949

0

(b) Axial flow velocity
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axial flow velocity along the height at 106% B section
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