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Effect of bulk swirl on performance and stability of

transonic single rotor
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Abstract: In order to investigate the effect of bulk swirl on performance and stability of
axial compressor, blade swirl generator was designed and numerically simulated with a tran-
sonic single rotor. The results showed that counter-rotating bulk swirl caused significant
drop in coefficient and stall margin and increase in choke mass flow, angle of attack and total
pressure ratio. Co-rotating bulk swirl led to decrease of choke mass flow, attack angle, total
pressure ratio and stable operating range, and increase of coefficient. Co-rotating bulk swirl
caused suction surface boundary layer separation beyond 50% blade span, and more serious

tip leakage blocking, contributing a lot to unstable compressor.
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Fig. 1 Sketch of computation model
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Fig. 2 Configuration of bulk swirl
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Fig.3 Strength of bulk swirl vs. mass flow
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Fig. 4 Characteristic of compressor

HE T BTE 5 L e R] 3 S 20OE TURE , B iR S
G WE. Y AL R AR R TR A
R TR AS AR PR 0kl ) 88 A 56 L OE TRUBE S T 3K
HE 1A R, 1 AR S 2 R 508 /) i R A ik
JIN S B8 Ll RRAR 5 B 00 ) Bk AR
T X 5 5 K500 i 46 e BE R v A AT o A
s 7 A A BT I AT A R X R SRR 1 5 )
W B2 K 5 s,

JEAHLE 114 F [R) ) 38 ), 76 T O & A 4% i
FAS 43 4T 207, 3071 40° 5 B0 R, I {E R0R

- —— R, 0=200 T Y
075k —v— [, 0=30° L]
- —e— [a)[n){A, 0=40°T " INEENEEE
[ —a— FFa)iR, 0=20°

F —s— KR, 6=30° T H
a1k, 6=40° -
0.65 i i 'l 1 1 i L i L '}
15 16 17 18 19 20 21 22
it/ (kg/s)

(a)

JB A R AR X 1 7 AL T R AR R R 2235
23¢ i
22 R, 620 ey
P i, 0300 i
21; I @] ifs, T
. 0=40° .
2 20F t
el - ..“_7“'1 |
3 1.9 FHHEEH |
_* .....
1.8 Fr D " ..::.::.:::.:::.:::.
8 —=— O=RAIR, 6=20°
VIR —— 0=, 0=30°
Fooiiiioiiioiiooty O=J [1]3%. 0=40°"
1.6"'“"""' TR R A A A A |
15 16 17 18 19 20 21 22
Uikt (kgfs)
(b)

PR 5 AR TE VAL X LA 1 5

Fig. 5 Effect of bulk swirl on compressor map
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Fig. 6 Radial distribution of efficiency and total pressure ratio at maximum efficiency operation point
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Fig. 7 Distribution of relative Mach number on different spanwise positions at maximum efficiency operation point
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Fig. 8 Distribution of relative Mach number at trailing

position of rotor at stability boundary
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Fig. 9 Distribution of relative Mach number and

streamline at tip clearance with counter-rotating

bulk swirl at stability boundary
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