5539 % 43 ) M= N FEH Vol.39 No.3
2024 4F 3 H Journal of Aerospace Power Mar. 2024

X E 4 S :1000-8055(2024)03-20230319-12 doi: 10.13224/j.cnki jasp.20230319

FE NFR/ANDEETIX ESALH A X
51 B Ryl

koM, F=AE, REIH
([ R R fiias T4 Be, KA 300300)

i B Ol BUE AR T AR S T — BB B S L 4 FIE /N BES, % R AL

A DX B B4 8RB AR FIALEE o N 52 T8 /N e 510 ol A1 e e A T S s B Ak, O R T T I 4% R E R 0 %

X 1 DX 43 8 W AU B LR . RS R T TR Bl B A A R R E A R B RE A S

DAY L 3, e A Sk 0.08 Y T JZ B L EL A % £ D 300K /N B A1), 5 e AT LA Al TR A5 k% IR 9.89%, T &R KL

FETF 12.27%. UL 3% 40T 2 W - /0N S0 38 P8 /0N IROE 6% U T LA el AR SR AN, 7T U TR B TN R T JES A A e
BE I RUEE I Ui, AR T AL G IR 108 Wl K AR A A AR AR T BRI s 5 R R SR T I T2 5 R A aBIR, )

ﬁ%ﬂwm’é.%lﬁ#ﬁ)%ilj\]ﬁ B UM 0 R ) RS, T 2 T4 I A TR A, T B T 0 RE A DX R R, G ALECE T A

X R 3N

X SR RAMIHE AXKae; NTIRAMIES; sl BHmsigk

PEIZES: V2313 SCERARERD: A

Control of corner separation for compressor cascade with
bio-inspired herringbone riblets

ZHANG Peng, LI Yonghong, CHENG Rixin
(College of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: A novel passive control method for bio-inspired herringbone riblets was applied to relieve
the flow near the blade endwall in a linear cascade, and its effectiveness and mechanism in controlling
corner separation were investigated through numerical simulations. The herringbone riblets were placed at
the upstream endwall of the blade, and the influence of riblet height and deflection angle on corner
separation control was investigated. The results showed that the herringbone riblets can effectively relieve
the flow near the blade endwall over the operating range, and the implementation of herringbone riblets
with a height of only 0.08 boundary layer thickness and a deflection angle of 30 degrees can reduce the
total pressure loss by up to 9.89% and increase the static pressure coefficient by 12.27%. Flow details
indicated that small-scale vortices in the riblet channel can accumulate and form high-intensity large-scale
vortices close to the bottom of the boundary layer downstream, which effectively reduced additional losses
compared with traditional micro vortex generators. Furthermore, the induced vortices enhanced the mixing
of the boundary layer and main flow, inhibited the lateral migration of low-energy fluid in the endwall

boundary layer, and delayed the formation of separation vortices, eliminating vortex ring in the corner
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region and effectively improving the flow near the blade endwall.

Keywords: compressor cascade; corner separation; herringbone riblets; passive control;

additional losses
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Fig. 2 Main parameters of prototype cascade
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Table 1 Design parameters of prototype cascade

SR 4[]

7% K c/mm 150
%) 5% 4K ca/mm 110
AL p/(°) 23.22
B s/mm 134
75 h/mm 370
JUATHES A8 /(°) 5431
JUfT s S 8, /(°) 31.09
Bfile) —4~6
v B B TE 22 ) B 6 /mm 30
S Re/10° 3.82

12 HEANFERNMEIGERR

D5 NI /N R 2 5 BRSSPIk
T 25 A8 SRR B2 1 18— T 2R 4 T 25 4, JLRRAE AE
T ZA/N T AT HES, /N E 1) 5ok i
J7 1) B — 22 W e A, <2 i e A /I il LA 28 B
T O HECE, TN T R 1 BES] AR S
A A R % it BE A A NI NI R, o R
LI A X538, /N BB 1 L An 445 A 0 i
M AR B AL 3 TR . AR /N RE S Y
JUAAT %8 B P AR BE Ly AR TE B2 W i)y 2% (] R
YA B 25 i iy CINIE 0] 5 /NI L2 i 9 £
B o /NI A AT Sy S I = AR, LA R
F ) 2% 5 BE m A 2% 5 BE n LRI 2 . NI/
5 i FE 2% 5 B 0 2% 2 8] I BE 258 Ly, /N
W3 1422585 £ o VNI AR 26 5 K7 T 1) R S ) K
54.31°, X B AE A Ry =000, 7F H k5 /)
I BEZ AR 26 7 1 — 8. 53 4h, NFIE /N 571
AR IE R L L M RIS K24 T
NFIE /N3 3R o i 280

/</</ HEO SR

K3 TR/ NS LR L B

Fig. 3 Geometries and positions of herringbone riblets
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Table 2 Geometrical parameters of herringbone riblets
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Table3 Computation schemes of herringbone riblets
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Fig. 4 Computation domain and mesh of prototype cascade
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Fig. 6 Mesh schematic of herringbone riblets
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Fig. 8 Total pressure loss coefficient variations with incidences
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Table 4 Aerodynamic performance improvement quantity

of different schemes
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