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Radial vortex phenomenon and instability mechanism of

transonic axial-flow-compressor
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Abstract; -Numerical investigation was made on NASA Rotor 37 and the result was com-
pared with an experiment. Working conditions-from blocking point to stall point were calcu-
lated to-study the rules ‘of boundary layer separation and the instability mechanism of tran-
sonic axial-flow compressor. The reSearch discovers a radial vortex behind passage shock
wave in suction side boundary layer, which facilitates boundary layer separation and conver-
ges part of airflow néar suction side to blade tip. With working conditions go to stall point,
blade tip passagé is jammed by two pieces of blocking zone; one located in the front of blade
pressure side is caused by the interference of clearance leakage vortex and passage shock,
while the other located on suction side after 50% chord is caused by the interference of radial
vortex and leakage flow. The two blocking zones’ expansion arouses instability of the com-

pressor.
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Table 2 Overall parameters comparison
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Fig. 2 Compressor performance comparison of

calculation and experiment

b2 2 S — BT o AR AR A
BEXHZ T 5 T S AL IR AR 1 & B, Spalart-
Allmaras i Jit £ 54 B8 98 3¢ 45 b Ffi 4 Rotor 37
BB AU L BN R I R R R S AN R R AR
SO I (AL R 5 1978 4F NASA 4 #5190
25 WA S B0 B I 22 o 0. 7 %0, AR b BB AR 4L
T G S K
3.2 RERAKKR

R TR FEAR 1) I R LR E PR e,
SEHEAT R 1) I 0 FE AR M A B3 R O 4
A 20.93kg/s (¥ ZE 15 .20. 19 kg/s (B3t 50 H
19. 202kg/s G R Fa 1) I % - W 11 AR ) 365 1Y
A3 AT Ch ). AL 3 28 s ) iR R R AR

0%

50%h

(b) I

M1

(¢) i S SI=

B3 1M T4 1] 36 2 A

Fig. 3 Radial vortex distribution of rotor suction side



2242 it o= 3

%29 %

Ji& AR 18 HAT LLT R R O I 8T I L AR 1]
AL B AR T R I 5 R i 4 B . 5
I T R ) b 3 Y T K R 5 1% T JC A% 1)
AN 3Ca) 1 10 % h) 5 @ AR 1] I Y 42 1) 7 B A
29 40 %0 h AR J 3 AR Z 5 il ] 07 )
HAEE . R R ) i IS R A B A BT
], HL B AR AR 3G K, U W B T 00 0 2 A% 1l i 1Y
R R R R AR ] I 1 I8 2 1 7 1) Ry i AR 4 1)
M2 L e % J7 1) Sy I £

PE] 4 Sy 300 2R e a5 P s A T A %o o 45 55 A %o
LAy, 20 Yo h A AR 10 38 57 T 300k 5 O . 555

(b) 60%HERTE

() 95%hk i
4 R R el A A A X R S A X IR e AR

Fig. 4 Distribution of relative Mach number and

relative streamlines on blade height

section near instability point
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Fig.5 Distribution of total pressure loss and relative

streamlines near wall
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Fig. 7 Blocking zone development process caused

by tip leakage vortex
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Fig. 8 Distribution of relative Mach number on

blade tip section
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