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Numerical simulation of the flow characteristic of tip leakage flow
in a transonic axial-flow compressor at near stall condition

ZHANG Yanfeng, CHU Wuli, LU Xin-gen
(School of Power‘and Energy , Northwestern Polytechnical”University , Xi' an 710072)

Abstract : Tip\ cearance flow and-the unstéady flow phenomena of tip leakage vortex have
great effect to the stall inception'of axia=flow compressor. In thispaper, 3D steady , unsteady nu-
mericd dmulation of the transonic axia-flow compresor-NASA rotor 37 was investigated. Conr
pared to the numerical results-and the experimental test case at peak-efficiency and near stal condi-
tion, the numerica results agreed wel with experimental test datafor estimation of the globa per-
formance. For-the unsteady computation, Detall anaysesof theflow fied of the NASA rotor 37 led
to some prdiminary concluson: the tip leakage flow behave obvioudy unsteady flow phenomena.
Shock-vortex induced the periodic breakdown of the tip leakage vortex.
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Table 1 The primary geometry and perfor mance
parameters of NASA rotor 37

36
1.288
1.19
0.7
0.365
17 188
2.106
0.889
20.19

/ mm
/ (r/ min)

/ (kg/ 9)

S
S

Leading edge

1
Fig.1 Caculative grid



1295

Fig. 4

7
2 100 % NASA
37 )
2% ,
, Hof mannt®*!
220 (0) IR
215" W/
/ // //
_210fF V/ /4 4
-8 8y /)
B 205t / A
; w  Experiment /
Z 200F P ,
é —— Calculation,S-A
E 1.95F ®  Unsteady Cale i
T 190k
1.85F
1.80 1 1 1 1 i
0.90 0.92 094  0.96 0.98 1.00
Normalized mass flow m/m,
o R B3 BOSROR 95 % 0 REHIX Ma %4
’ Fig. 3 _Aso-Mach lines at 95% span
0.90 | at near peak efficiency condition
2 0.88
£
£ 0386
< 0.84
5
Z 082
0.80
078 1 i 1 1 1
0.90 0.92 0.94 0.96 0.98 1.00
Normalized mass flow m/m
(b) AR
2 NASA 37
Fig.2 Performance of NASA rotor 37
37 )
34 ,95 %

B4 JEJHAR 95 % AR Ma S {H L P

Iso-Mach lines at 95% span at near stall condition



1296 23

NASA 37 £, w
, 10°° 5 , ,
6 .
[} 1 y 2
1 2 y
150 , 60 % , ,
(BPF) , Yamada!® ,
1/8T ,
-860
:\ 1
480 Back pressure 2 il

0 3 | \

: |

£ 900t ‘

= I

90 _ Back pressure |
- Back pressure 1<Back pressure 2
1 i 1 1 n /
200 400 600
llerali

[l 5

Fig. Mo Yr history of\blade e ’
71500 F Back pressi | Batk presjure 2 /> y
/ , (Spiral-type vortex
o HEEHRE breakdown) (Bubble-type break-
B {
7 70500 !! “' down) .
< 70000} . ”” .H” ’”n ) ”yl ' ’
69500
69000 B u k lur \~lllf‘ |<B 1wk pu—»me 2 ’5/ 8T !
"()() -10() 6()() X()() 1 ()()() 1200 ’
[terations
Pel 6 I T A5 e A D s L . 6/8T 8/8T ,
Fig. 6 Monitor history of pressure at blade tip 5/8T
78T ,
5 88T
2 )
) , 8/8T

, 8/8T



7 : 1297

(g) t=TI8T (h) 1=8/8T

7
Fig.7 Normalized helicity contour and streamline at blade tip
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