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Abstract: To investigate the effects of vortex generators on the tip flow instability of axial compressor, ex-
perimental research was conducted on a low—speed axial compressor rotor. The trapezoidal and hemispherical vor-
tex generators were installed upstream of the rotor tip respectively, and five control schemes were proposed based
on different stagger angles. The aerodynamic performance was analyzed, and the characteristics of wall fluctuat-
ing pressure were studied by means of frequency and statistical analysis. The experimental results show that the
pressure rise of the compressor rotor falls off slightly at each operating point and the flow rate at stall decreases ob-
viously after using the trapezoid vortex generators, except for the scheme with 90° stagger angle. At the operating
points with rotating instability or stall, the vortex generators with 45° stagger angle increase the pre—swirl of the

incoming flow and improve the momentum of the flow, meanwhile the induced vortex propagate radially. These

* RSB 2020-08-14; fEITHHA: 2020-09-14.
HEWH: FHEAKRRFERES (11202132); Ll AARAHES (18ZR1418600).
EEREN: 2 W, Mg, PRSEoy RS E .
BIEEE: RWAR, Mt BIBSEO, BRSO ATES & shHLAEE % i sl 515t
IR & W, RWAR, BRIAAR . 8 A AR A48 0 Bl R SO TOU 2l A FeoE M e m iy 2B o [ ], HEdE R | 2021, 42
(12):2723-2733. (LI Tao, WU Ya—dong, OUYANG Hua. Experimental Research on Effects of Vortex Generators on
Tip Flow Instability of an Axial Compressor[J]. Journal of Propulsion Technology, 2021, 42(12):2723-2733.)



2724 1

biis

/N 2021 4¢

will suppress the strength of the rotating instability and stall in the tip region.

Key words: Axial compressor; Rotating instability; Rotating stall; Flow control; Vortex generator
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Table 1 Principal design parameters of compressor rotor
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Fig. 1 Schematic of the compressor rotor rig
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Fig. 4 Photograph of VGs
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Table 2 Design schemes of VGs

Scheme Shape Stagger angle/(°)
VGT1 Trapezoid -45
VGT2 Trapezoid 0
VGT3 Trapezoid 45
VGT4 Trapezoid 90

VGS Hemisphere -
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Fig. 6 Performance curves of the compressor rotor
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Fig. 13 Contours of standard deviation in the flow passages in Case B
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Fig. 16 Contours of skewness in the flow passages in Case C



2732 ot

#HoR

2021 4

AR SCRE — I il R L 7 AT T S g )
o BB IR R BRI PR IR K A R ) A AR
T E Y AL b, O AN [ 9 22 5 A B QL i e T 0
FE. AL .

(DFESRSHPERE T I, VGs X E S WL T8
JERE I R — e . 5 EAA L, VGT4 J7 B AE
K4 O 9 68 ) A &, e RAIE%&
A SR R B A BTN . 6 B 5 %R R
BF A 30t BH S /N B P Ik 4.0% 0K T R E T
3 F .

(D)X FASCMBIERE LR, RRLME
VGs 1) 2855 A 7E —45°0F , VGs 23 X 0 Ui 7= Ak — % il 1
BEAEH o [ B 7 AR B 5 R i s AR 1 iR RS 5 e
FZ s, S 52 e i TR 2 BT A T O B E M DA
NE B e T S A vh 3 B A R N AR A i {9
Ak o 2 ERE IR T & A A5 X 3 B0 A SRR 19 52 )
AN

(3) 76 M THUHT 2 B, AV Gs Ji5 £ 2% BUHT AN
T 00 B 2 1 32 s o 2 /0N, 2R S DU 990 AH R o
s B 9 722 Ak 3 /I AL 2K 2 B 0 W A28 K, 1 B A X S
PIE AR R e S Bl AR /D o 0 28 5k B A Ak B A B9
YEGE Tt 50 Fr, vl LLE B i T ] T80 > 3 19 3 f
ANTE], 5 LATR]—Fft V Gs X i T0AS B 2 9 20 1) 2 il 2
AR
ORI ERAKRR RS DT AREERE S
Rl

2% 30k
[1]

Cumpsty N A. Compressor Aerodynamics [M]. Essex:
Longman Scientific & Technical, 1989.

[ 2] DaylIJ. Axial Compressor Stall[D]. Cambridge: Univer-

sity of Cambridge, 1976.

[ 3] DayIJ. Stall, Surge, and 75 Years of Research [J].

Journal of Turbomachinery, 2016, 138(1).

Kameier F, Neise W. Experimental Study of Tip Clear-

ance Losses and Noise in Axial Turbomachines and Their

Reduction [J]. Journal of Turbomachinery, 1997, 119

(3): 460 - 471.

[ 5] ChoilS, McLaughlin D K, Thompson D E. Experiments

on the Unsteady Flow Field and Noise Generation in a

Centrifugal Pump Impeller[J]. Journal of Sound and Vi-
bration, 2003, 263: 493-514.

[6]

[10]

[11]

[12]

[15]

[16]

Zhang L Y, He L, Stiier H. A Numerical Investigation of
Rotating Instability in Steam Turbine Last Stage [J].
Journal of Turbomachinery, 2013, 135(1).

Wang H, Wu Y D, Ouyang H, et al. Investigations of
Rotating Instability and Fluctuating Tip Clearance Flow
in a Low—Speed Axial Compressor [J]. Proceedings of
the Institution of Mechanical Engineers, Part G: Jour-
nal of Aerospace Engineering, 2015, 230 (6) : 981-
994.

Tian J, Yao D, Wu Y D, et al. Experimental Study on
Rotating Instability Mode Characteristics of Axial Com-
pressor Tip Flow [J]. Experiments in Fluids, 2018,
59(4).

SRWAR, 2 W, BiAR . POD R DMD J5 ik 43 i AN [l
(7] B AMLTE e AN A e ME AR LU ). &S 3 1 24l
2019, 34(9): 2018-2026.

Taylor H D. The Elimination of Diffuser Separation by
Vortex Generators [R]. USA: United Atrcraft Corpora-
tion, R-4012-3, 1947.

Law C H, Wennerstrom A J, Buzzell W A. The Use of
Vortex Generators as Inexpensive Casing Treatment[R].
SAE 1976-0925.

Hergt A, Meyer R, Miiller M W, et al. Loss Reduction
in Compressor Cascades by Means of Passive Flow Control
[R]. ASME 2008-GT-50357.

Hergt A, Meyer R, Engel K. Effects of Vortex Generator
Application on the Performance of a Compressor Cascade
[J]. Journal of Turbomachinery, 2012, 134(2).
Rajendran A K, Shobhavathy M T, Kumar R A. CFD
Analysis to Investigate the Effect of Vortex Generators
on a Transonic Axial Flow Compressor Stage [ C]. Hy-
derabad : ASME 2015 Gas Turbine India Conference,
2015.

SR, FR, SR, S R AR AR X R BT
E/M Sy o =t I L5 T Y BN 13571 5 2 NI
2016, 37(1): 49-56. (WU Pei-gen, WANG Ru-gen,
GUO Fei-fei, et al. Mechanism Analysis of Effects of
Vortex Generator on High—Load Compressor Cascade
[J]. Journal of Propulsion Technology, 2016, 37(1) :
49-56.)

XUHEHT, I S8, MARAR, AR L SR T U BE R ik AR A
B TR AL I A DX R AR )], R R
2019, 40(6): 1285-1292. (LIU Yan-ming, WANG Li-

ang, SHANG Dong-ran, et al. Investigation of Corner



a2k H12

T U2 A= e i O T AL T 3 A A

B 1Y) 52 B W 5 2733

(17 ]

Separation Control for Compressor Cascade Based on End-
wall Vortex Generator[ J]. Journal of Propulsion Technol-
ogy, 2019, 40(6): 1285-1292.)

ooy, REEA, SRRSO, AL IR R A A AR T
J2 Al W AR 5 S X T AR R ML B BB A S e [T ]
AR, 2019, 40(3): 515-524. (MA Shan, CHU
Wu-li, ZHANG Hao-guang, et al. Combined Effects
of Vortex Generator and Boundary Layer Suction on
Performance of Low-Speed Compressor Cascade [J].
Journal of Propulsion Technology, 2019, 40 (3) :

515-524.)

[18]

[19]
[20]

[21]

Ma Shan, Chu W, Zhang H, et al. A Combined Applica-
tion of Micro—Vortex Generator and Boundary Layer Suc-
tion in a High—-Load Compressor Cascade [J]. Chinese
Journal of Aeronautics, 2019, 32(5): 1171-1183.

HB 7115-94, JEHLTsh PR S].

A EE, A B, BB, SF . JRATHLH M N R %
B B O R A AR B R L)), W RERLR
2019, 37(2): 99-102.

Riickert R, Eck M, Peitsch D, et al. A Novel Stall

Warning Indicator, Part I: Applications and limitations

[R]. ASME 2019-GT-90242.

(% .4 BE)



