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Experimental study of the mechanism of improving stall margin of
low speed axial-flow-compressor with micro-injection: under
rotating inlet distortion
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Abstract : An experimental investigation was carried out in the paper to clarify the flow
mechani sm of how micro-injection improves the stall margin of alow speed axia-flow com-
pressor under rotating inlet distortion. The results show that , in distorted sectors, the tip
leakage flow is pushed forward to the leading edge; as the mass flow rate is decreased, tip
leakage flow would spill out of the blade passage and trigger the rotating stall. Micro-injec
tion can inhibit the formation of distortion disturbances and then delay the occurrence of ro-

tating stall.
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Table1 Improvement of stall margin with micro-injection
! % ! %
NO2_1 x 30 62 14. 2
P02 1x30 87 37.8
23
?
4
( ).
(
)
5 NO02_1 x 30
, PO2_1 x 30
24
6 NO02_1 x 30
GWS(global wavelet spectrum)
( ), (8]
7 P02_1 x 30
GWS NO2_1 x 30



70

25

&8 2R MG RS

I

& W R D A

1L

CHI10

2

e [ A SN TR
1 |

1E , '""W » CHI3
0

-102

-105 -104 -103

b3 ML (N 1) )/

107 106

0

V//./‘/a.“ ‘”' /' (,‘.‘l |""1',' |r'('l CH9

l\l, 'll ’ “'

-2 &

0+ “HA\I” “A 'f. ., kg
,ill'" N #’. 5 b/{’ “" A

M " 1
Vn e o -»f-w)ww.'.‘«. Wy

W
e .-,,P*‘ wi‘ WM Jh- i .a Ml CHI2

! CH10
CHI11

)"h, (Y

0! WV«W\ “er.w V\v, AR g, CHL3

105.0 4()4.8 -104.6 —I()44 —l04’ ~104()

e 5 S (i () )
(0511 ON:))]

(a) LM

A 5

NO02_1 X 30 W§74F T.15% 45 JC W54

ok
B -14
iz 0k = P A
P 078
= -14F
& 07
R 7o
M 07
& 147
& 07
@ 0f
&
e B (i () )/

011 (A ‘Il‘" I n [ Ittt
i 70 7 e fi "m’fﬂ'ulllrlf [‘[v.'””f‘,‘[’?:l'”'[, ',',‘,',‘,'.',‘,',"(,',',',',,'.‘!{.. W Crio
T X | m
P j‘”: b CHI10
= " il ittt
» (7) it NM 'JW‘M‘WWM If,wh IM 'm{",‘,I;#V‘l‘"ftlln'ﬂl CHI1
£ -14F kL Ayt
= OSW"'M W i CHI2
E
&

(DLt

TG W5 S 2R A T AR X 3R X B

yetween with and without micro-injection (P02_1X30)

(b) MY

CF o B 1 25 P

Fig. 5 Comparison the tip pressure between with and without micro-injection (N02_1X30)

-200 -160 120
- S MU 18]
(a) M§ AT

6 A EmER

Fig. 6

-150
e 3 (s T) )/ A
(b) M§

-100

8T N02_1Xx 30 B4F T.% GWS 8

Comparison of GWS between with and without injection (N02_1 X 30)



71

[1]

[2]

[3]

[4]

100 80 60 40 -20 0
LR (D)
() WA

7 P02_1 x 30

Fig.7 Comparison of GWS between with and

1) ;

2)

3) :

Reid C. The response of axial compressors to intake flow
distortion[J]<ASM E Paper 69- GT-29 ,1969.
Longley J P,Shin'H W ,Plumley R E ,et a. Efectsof rota
ting inlet distortion on multi stage compressor stability[J] .
ASMEJ. Turbomachinery ,1996 ,118:181-188
Peters T ,Fottern L. Hfects of co-and counter-rotating in-
let distortionson a 5 stage HP-compressor[ R]. ASME Pa
per 2002-30395
[R].

119 ,1990.

GU Songfen. The development of new generation fighter

[5]

[6]

(7]

(8]

80 60 40 20 0
1 3 L () () )/
(b) M

120 100

GWS
without injection (P02_1 x 30)

plane and its requirement for power[ R].Bdjing: Xiangs
han Science Conference ,119th Sesson,1999. (in Chinese)
NIE Chaoqun ,XU Gang,CHEN G Xiaobin ,et a. Micro air
injection and its unsteady response in a low-speed axia
compressor[J]. ASME J. Turbomachinery ,2002,124 (4) :
572-579.

[I]. ,2004,25(1) :
37-40
XU Gang,NIE Chaoqun, HUANG Weiguang,et a. Nu-
merical g mulation of \micro injection in a low-speed axia
compressor [J]. Journal of ~Engineering Thermophyscs,
2004 ,25(1) :37-40. (in Chinese)

[D].

,2006.
TON G Zhiting. Theinteractive of unsteady mechanism be-
tween tip leakage vortex , stall inception and micro tip in-
jection in low-speed axial compressor[D] . Beijing: Institute
of Engineering Thermophysics, Chinese Academy of Sci-
ence, 2006. (in Chinese)

[3].

,2008 ,29(3) :390-394.
ZHANGJingxuan L IN Feng,CHEN Jingyi ,et a. The un-
steady features and role of tip clearance flow in distortion
induced instability in an axia compressor [J]. Journa of
Engineering Thermophysics, 2008, 29 (3) :390-394. (in
Chinese)



