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Numerical simulation of active suppression of rotating stall /in
axial compression-systems

YU Larrlan, HU Jun, TU Baofeng, WAN G Zhi-giang

(College of Energy and Power Engineering,
Nanjing University of Aeronautics-and Astronautics, Nanjing 210016 , China)

Abstract : A theoretical model-was proposed to analyze-the transent behavior of sup-
presson of rotating stall in axial-compresson_systems through an additional disturbance.
The influences of system parameters on the.suppresson effectiveness and the interaction be-
tween rotating\stall and surge have been discussed. The analyss of the influence of system
parameters shows that|, the effectiveness decreases with the increase of B and the number of
stages or stage loading of the compressor. The onset flow rate of pure one-dimensonal surge
depends on the value of B and axisymmetric compressor characteristic, except for the sope
of the compressor characteristic. When surgeisinitiated by rotating stall , it ispossble toin-
hibit the occurrence of surge by suppressng rotating stall in a compression system.

Key words: compresson system; active suppresson; rotating stall ; surge;
system parameters

, . Epstein (

:12008-12-10; :2009-03-03
973 (2007CB210301)
(1983-) ,



93

, Ffowcs Williams,
Huang ,Pindey ,Smon

(2l Pindey
, .Smon
B 1
1993  Padauo
20 %. 1994 Haynes
8%.1994 Gyding  Greitzer
10 %. 1993 Day
12 ,
6%,
(31
1994 Feul ner
(4
P,
1
0
. 1985 ,Moore
Greitzer , Moore
, Moore Greitzer

[5]

. 1985
,Epstein, Frowcs Williams Greitzer ,
(6]
1
N
Vo

1

¢ ¢ 1

£

g , &9
0 ’
€
/; ' P 4

[} >l [
' v ,

iy + : Plenum

121 RN P

UD. {2; DD. !4 ED. ; T.D|P:

'Jr): ! va '

i HE ".‘ !
s 1 5 52 3 E 34 E '

s

S s
s—1
+
n 2

™
)

1

I8

S s

Fig.1 Sketch of the system and notations



94 -
11
1 F);J2 - Ieﬁg_)- (m- D[%n:o (6)
u.bD. D.D.. m I
111 (1) .(4) ,(5 (6)
Euler . db 2 vy & 10g
, w_wc(@)'lci‘lma-m@-aa_
’ Y dg @J RragAY 2
EJ;ZEL = - (|| ||a) @ (1) 2 @ VT{& n=o J-z U @d] (7)
pu ]
Peo Py 0 1 @D ) .
v Wa 1 weE) =t B (g
1-1.2 |ac - |ia+ (9)
W W, e
fac
0, Lam 9
B P B A el P 7)
_Iz put " 2J +Izam+fzu pfl =0
2 0~ Fourier (e
nPE 1
& € ocnog) = z ne (andn® + b.cos®) ;
v U : n<o (10)
€ & ©
o
o0NhE) onog) = [i‘l(ansinr@+b1cosr9)]é1;
MOE) =€) +e@L) +— _—— (3 n
% n<o (11)
(3 (2) )
p-p & , o B
pu> ~ 2 W :WC(%)_ICGI'[erO(J%g'%%g'
a0 & O Své
Iia[d +aJ _[aJn—O_J.ZU @d'] (4) |ac'%-|:(l_e'lia)-%g+%:|.% (12)

12
Moore Greitzer
N (78]
E"p_?& = N- F($) - é[z%ﬁw%ﬂ
(5)
" o

W R

%TH”JW(D +€ +g - (1- e'n) %g%] @
(13)



1 95
W _
LG a0 - FIWT (1)
€ g
_bs- b € = 2g; 0 < lemxl <A (19)
W g,
oU (15)
Z
Wy =
. z= R (20)
R R
R 8 1
13 B g
LAY 3
2 H,w,¥ ,
"o @): = (@) (21)
1.0r _
) o (p)1 = (p)2 (22)
,'(:(KI(»/Kn)d);/Z o
5 08¢ /l‘}:l\'md’[/ﬁ
B
W 0.6 \ . 5 g2
= v P = p_*PU [ECD + 3] (23)
= (),4:lp
% [ 1o 1% W
R 0ok t 22
0’ 1 1 k. 1 1 y
-0.25 0 0.25 0.50 0.75 1.00
VBl o) 1 P AR ' '
2 [13}
Fig.2 Cubic axisymmetric characteristic and-natations
F = + Koz (24)
2 K
(1r12] . Kto , Krt
v _ 1 ’ L
_ -1
€ " a8 - B e % = AcsB: Ao = 0005 (25
—_ aT
W'+|c‘§:§o[%(¢+8+g)- 23
1-¢ Iia) %% (17) E Kt . Kt
1 _ . ap
[m+aJ%g_‘Pc(%)-[LP + le GEJ- Ke =10- Te x€; & <&, (26)
y— -a—g +-@J _ | -& _ (1_ e Iia) .ag_@ TCT
ZX[@ ® & e 8 3 : Ke = 1
(18) , Ke €1 ,
0 E. , [14]
B=04, m=175, -o](~ - 35,
2 . =80, le =36, T« =0 005,
(16) (18) Y = H=018, W =025,
W.o-030, 8= A-@2xw x2%
21 10
24 B =180

B =180°



96 25
1.00 6
<& 0.75F ’
T [
W 0.011¢ A=0.01
= 0.50 o e R
= = E . . P
B & 0009 arh % BIK AR KL
ia H ; = o
Z 025 | ., 0.007F
L o> S B
[ ' A FA4,=0.005
L P S SRS U W WY N S N S VR ?I" PR | R}_f( Tj_ 0005:— -
0 50 100 150 200 2 3 0,003k
i i) /s rE TE
5 0.001p=a
3 N TR
Fig.3 Throttle closure process =50 0 30 100 150 200 250 300
M [H)&/s
g
R Fig.6 Damping process of the disturbance gfor
, 4 the case with controller
4
C
AW 1A
B RHFEH] R=0.8
C EfEHl R=0
> 0.6
= 04 ,','.".4: )L“fj IM HIJ ')\k‘t,‘,l.‘,
4 <0 fiB: PR T FIK
&= ' il (R=0.8)
':?‘0"’ 111]%)’[..LI(IRIOA8|lAlAlAA‘JJALJ
‘ 0 0.2 0.4 0.6 0.8 1.0
5 VS e 1 R
7
Fig.7 Extended stable operating range of
Fig. Suppression of rotating stall for R=0. 8 a compresson system
= 0.8
§ [ PEarbsia®] i Ch gt i 8 R
= I R O ,
0 0.6 r
ﬁ r First order ’ R
%l 0.4: Ro y
= Second order
= 02F )
E B . B
E—:; C OO TR W 5 N7 VO T A Y WO N T 0 O T N |
0 50 100 150 200 250 300 ,
i) E/s B
PS5 JCH i A oo Al R Sl T R B g I R AR
Fig.5 Developing process of the disturbance g for B
the case without controller B
8




1 97
R Ro , 9 , g 0
w o f -
, R 08 i : R=0.8
, : ; 2 of
Ro y ’ 10 5..0-6- & P AT SR |
R ® | ?—_O'lo 500 1000 1500
) “_E‘ & IR E/s
: o & 08
& ¥ 06F
R 02 B ok
, R 14; 0.4
= 02F
I} ol fw AR ST OR] DI T SR S W PR G800 8
02 06 10E 0 500 1000 1500
A4 ) M R/ s
10
Fig.10 Surge, when the control
strategy is ineffective
% 0.7¢ s 8
. E bet A 25
v 0.6F .
b S K (R=0)
J‘.ﬁ 'g l [~ = - = —-b ] g E
Z04E b ~L 3 6
F |
% 03F =04 o e Fourier
R02f  =B025 Sl
Roilf ~—Bos sml U -
N S gb¢f) = Z[&ﬁ)én@ + bh€)cos®];
£ 0 02 04 06 08 1o
R 0<®=<m (27)
P 8 R X 40 AR 1) 5 o .
Fig. 8 ~Influence of ‘the gain R-on 11 B (R=013)
thecontrol ‘effectiveness (R=0
_ 170°  300° ,R=03
0.6
= 04 C e
b
3 0.2 210°,
Wik (K,=0.7)
0 02 04 06 08 1o
V1550 ) S R M@ 0.6

PO 4 R N e A Y e e o st

Fig. 9 Rotating stall, when the control

strategy is ineffective

8 Ro B , B

R IER ARl ) 1 E R o
o

» Fre RS
0.4hllllllllAlkllIllllllAllllllll]
0 60 120 180 240 300 360
HIBLFBA)
11 B
Fig.11 Influence of the phase anglef on

stalling axial velocity coefficient



98

25

26

170°

13 B

PESTIEE IS S0 ) T BN 0 25 TS .

0.4
170

220

270
HUT B

P12 BORIR XK il ) o BE 28 5500 5 i)

Fig. 12 Influence of f and R on stalling

axial velocity coefficient

=S T o 210 B
w | --p=180c ®
=2 L EFEEL(R=0)
M 0.5 wm e o - oF - — > - -2
g [
A L. , L ) \
204 etk \ N\ AN
& | i
B + 1
—?03-1 il llll:l:l]klk‘LlALLL_J
< 0 0.2 0.4 0.6 0.8 1.0
R
B 13 B=180°Fr210°HR X Fa i 1 18 5 W
Fig. 13 Influence-of R on stability boundary for
f=180" and 210°
B
8
B
) Ro B 14
B B 05
B
R Ro ,
B
B 1

300°

0.50

e

V) AR A Sl ) 1 R AR g,

27

e o o
FS W [=2)

o
[

K] W AR A& ) L 7 g,

Fig. 15

0.2

0,60:—
0ssf KU - R=0s
: ---R=0
------------------ 050 -==mmmmsmooeeee
e
045
—~- R=0.8 ER )
-==R=0  0.40F R®) pory()
E !
R>Ry(B) 0'35: b
dginge O30 :
()‘\Q:A_Lui.u_u..Lu_u_Lu_uJ

0.25 i3
02 04 06 08 1.0 02 04 06 08 1.0

BZ BZH
14 B
Fig.14 Influence of B parameter on stalling
axial velocity coeficient
!B i)
B =180°,R=08
H IW ILIJ(;O
H,W 15 16 ,
( H w )
H,W
H W
B

\d L i
/ -4 Wit e

IS T N S ST N DU SR Y S VOO O Y Y S EON WO TS - |

0.4 0.6 0.8 1.0
BEH

15 H
Influence of H on the control effectiveness



99

1
12
LIE p=0.8, p=180° K o
0§ = s=cg= =
09 -7
0.8

-o—- W=0.25

R b AR A7) 3 EE R B g/ 20

0.7 - W=0.15
06 - W=0.10
05 — 4
0.4IlllllAAJltlllllllll
0.2 0.4 0.6 0.8 1.0
BB
16 W
Fig.16 Influence of W on the control effectiveness
B- H
17
W i)
B-H
H W W
04,
B:- H
) 0 1 1
W
18
LPCO

§

W 1.0

0.9

= - H=0.18, W=0.15
= 01 - H50.18,_W=0.10
® o6k ° o H-0,18" W=025
£ 0 o H=0.30, W=0.25
E 05 - 4 4 a H=0.10, W=0.25
:‘.?é0.4AJllllllllﬁnliAAIAJJJJJJ
K 0 047 08 12 16 20

B-HIW

/17 B_‘;,i’x;rwmﬂrwum

B;VH on the boundary of

Fig. 17 Influence of

one-dimensional surge

< 0.6

o Fas

1-_1 R=0

r_{j 0S5k ~————-c-=cc e mm - o~
E [ R-08, (=180

2 04

g [ 4 4
%0,3‘1.”‘..\‘ TS T e
=701 02 03 04 05 06

lydl

P18 W Xt i % A 1 5 i

Fig. 18 Influence of ¥, on the control effectiveness

28 |ac,m,a
a,m
20
1 _
O(’m , R=08 0a,m
21 R=05 ,
lac , R=0 8
0.55 0.55¢
R=0

(=1
193
S
'
'
H
i
i
]
:
:
)
:
H
\
o
193
(=3
1
'
H
1
H

o
'
(=]

=
w
W

Fig 19

[
[=1
wn
<

0.40

R T G R Al 1) 1 BE AR R

0.3?

Fig. 20

R IR GRS 5 17 T FE R B

Fig. 21

29

RIEHT LR AR B 1) 1 R g
[=]

=)

wn

S

1

i

.

b

'

|

H

|

S g

wn

=
T

R=0.8, p=180°
el WL

0.40

ek H 0 e

TY T T

|

0.3
407 45 3.0 35,40 45

1/a 1/a

P19 a 400 26508 1) B

Influence of a on the control effectiveness

0 35

0.451- R=0.8, p=180"

040 smyi

|

0.3
1.75 2.00 15.25 1.50
m m

P20 o 410 ) 28R 1) B W

Influence of m on the control effectiveness

25 1.50 1.75 2.00

L R=0.8, B=180°

-4 e

2 e i

|

3
3.0 35 4.0
{

ac

e 21

Influence of /,. on the control effectiveness

Lo X 490 1 280 2R 149 R

10

19



100

25
3)
Day , “ ” ( H W )
22
23 B ,
B 1
23 , Kn = 4) lac , mQ
088 , ) )
5)
0.6 K,=094, &/2W=1.03, y=1.6
()5: B=1.6, H=0.18, W=0.15, ¥,=0.3 ! !
- 0.4 ! 1
& 03
% 02

|
|
'
|
1
!
o !
QT Controlon 4
|

0.2 o) Control off
1
0 1000 2000 3000 4000 5000

i8] &/s

Pel 22 40 S| e A 2 O T A g e TR )
Fig. 22 Influence ef Suppression of rfotating stall on

the onset of surge

P FRF0. 8, =180

-

LHIDBU SR T

T T T T T T

()}AAA]IALAI]AAJLIAAAIl

0 500 100 1500 2000

hf ] &/s

B 23 K, =0.88 S fth 2 BOMI ] i & 2 (1 — 4 i 4i

Fig. 23 Occurrence of one-dimensional surge in the

same case as fig. 22 except K, =0. 88

1) :

[1]

[2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

Cumpsty N A ,Greitzer E M. A smple model for compres
<or stall cell propagation[J]. ASME Journa of Compressor
for Power ,1982,104:170-176.

Day | J~Active suppresson of rotating stall and surge in
axial compressor [J]. Journal of Turbomachinery, 1993,
115:40-47.

Day | J,Greitzer E M ,Cumpsty N A. Prediction of com-
pressor performance in rotating stall[J]. ASME Journa of
Engineering for Power ,1978,100:1-14.

Emmons H W ,Pearson C E,Grant H P. Compressor surge
and stall propagation [J]. Transactions of the ASME,
1995 ,77 :445-4609.

Epsten A H,Fowcs WilliamsJ E, Greitzer E M. Active
suppresson of compressor instabilities] R]. AIAA Paper
86-1994 ,1986.

Fowcs WilliamsJ E, Huang X Y. Active stabilization of
compressor surge[J]. Journal of Huid Mechanics, 1989,
204 :245-262

Feulner M R, Hendricks G J ,Puduano J D. Modeling for
control of rotating stall in high speed multi-stage axia
compresor[ R]. ASME Paper 94- GT-200,1994

Greitzer E M. Surge and rotating stall in axial flow conmr
pressors: Part
[J]. ASME Journa of Engineering for Power,1976,98:
190-198

Greizer E M. Unsteady flow in turbomachines: recent ad-

—Theoretical compresson system model

vances and opportunities for control [ C]// Proceedings of
the 1987 Tokyo International Gas Turbine Congress. To-
kyo Japan:IGTC,1987.

Greizer E M ,Moore F K. A theory of post-sall transents



101

1

in axia compresson systems: Part ~ —Application[ R]. [13] HuJ,Tang GC,Zhang H M. Aninvestigation of post-stal

ASME Paper 85 GT-172,1985 trangents and recoverability of axial compresson systems:
[11] ©&yding D L, Greizer E M. Dynamic control of rotating Part —Numberical smulations[ R]. ASME Paper 95

stall in axia flow compressor usng aeromechanica feed GT-56,1992

back[ R]. ASM E Paper 94- GT-292 ,1994. [14] HuJ,Fottner L. Cdculationsof efect of rotatinginlet dis
[12] HaynesJ M ,Hendricks GJ ,Epstein A H. Active stabilizar tortion on flow instability in compresson systems[ R].

tion of rotating stall in a three-stage axial compressor[J].
Journal of Turbomachinery ,1994 ,116:226-239.

ASME Paper 95 GT-196,1995



