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Predictive Study on Commonly Used Turbulence Models for Rotor Blade
Tip Leakage Flow in a Low Speed Axial Compressor

ZHUANG Xin-wei' , AN Guang-feng’, ZHAO Yong-kang”, LIU Bao-jie’
(1. Aero Engine Academy of China, Beijing, China, Post Code;101300;
2. Research Institude of Aero-Engine, Beihang University, Beijing, China, Post Code:100191)

Abstract: In order to study the ability of commonly used turbulence models to predict the rotor blade tip
leakage flow (TLF) in axial compressor, experimental studies and numerical simulations of a low-speed
axial compressor were conducted to compare and analyze the differences and similarities of the flow field
distribution, swirl characteristics, and blockage characteristics of the rotor blade tip leakage flow predic-
ted by different turbulence models with the experimental results. The results show that for the tip leakage
vortex (TLV), both the trajectory slope of the TLV at the near-stall point, the location distribution along
the circumferential direction and the area of the TLV core predicted by the k£ — w model match best with
the measured results; for the blockage characteristics of the TLF, the BSL model matches best with the
experimental results before obtaining the peak value of the blockage coefficient, while the k& — & model
matches best with the experimental results after obtaining the peak value of the blockage coefficient. The
distribution law of the blockage coefficient along the streamwise direction simulated by the £ — @ model is
the closest one compared with measured results though its value in all the streamwise locations is a little
higher than the measured results.
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Fig. 1 Test platform of low-speed large-scale

axial compressor
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Tab. 1 Design parameters of compressor

Z M IGV L in
HLE B A%/ m 1.0 1.0 1.0
ity 30d 0.6 0.6 0.6
B34/ min ™! 1200 1200 1 200
B R ks ! 22.4 22.4 22.4
Bt s R 0.58 0.58 0.58
R A IR R 0.39 0.39 0.39
HETREL 0.4 0.4 0.4
HF K MHIRE10° 7.5 7.5 7.5

4L 36 17 20

MR/ () 17.4 26.5 49.1
e/ () 10.4 33.4 12.3
A B/ mm 200 199 198
M 524/ mm 100 180 200
P42 ] B/ mm 1.0 1.0 1.0
T IR [H] B/ mm 1.5 1.5 1.5
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Fig.2 Grids measured by five-hole probe

at the rotor inlet
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Fig. 3 Schematic diagram of SPIV measurement

cross section

3 HEITEAZE
3.1 HEEBERGRITEME

JIT A BRSO 7 A3 A0 7 Rl 3 A A
ANSYS CFX 15.0 [ 47 B, BE B85 F B3 H 5
P R RS L A4 AutoGrid5 ( Numeca 1GG ) Az J,
F— B RS Pk AR B, W 4 BiToR o iR I
KBEL N R RZ A0 2 A5, W K B 2y i
K 3.5 5

B4 HHEMNIE
Fig. 4 Computational grid

R PR WA TG, Xt B 1 3 5 el R it )
IPERL T 3 RS MU A 44 D AR T 56 1, RS
JPEE2 MIPIKETT 9 30 MRS I BAR BB ISR 2 P,
FH. 3 = R L BE IS 1 E ARy < 1.0,
SRS O T e 1R TR LRGSR IR S R e T



* 26 - W hE

3 5 T

2024 4F:

SRR D CIBEE- S afc L I ] S I N
5 (a) ATLAZE RS TT 58 2 FRIAS 7 5 3 115845
BRI LA A U W) 5 AR AR 4, Ui ]
RIS 758 2 BRI RS U B B 220K 3 1 AR O PRy 2
K, MR DTS 1A A RAE R E N S
ROHE T3 58 2 FHRIRS J7 58 3 154G B APk 22 51 4
BOR Pl e/ N L 1815 (b) ASER [F RIS
UE T RS . PERR R HURAS I A5 SR A eI
KBRS TS W SR, X AR TG Y B T
o PRI, X TR TN =, MRS 58 2 i A%
TRUEEE IR T T A% TC IR 1 EER , 8 RS
JrE 2 TR
®2 HTHAENESH

Tab.2 Grid distribution in rotor blade domain
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Fig. 5 Numerical simulation results of rotor under

different grid densities
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Fig. 6 Spanwise distribution of axial velocity

coefficient at the rotor inlet
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region under the near-stall condition
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