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Study on the mechanism of stability improvement of the
self-recirculating casing treatment in a

counter-rotating compressor
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Abstract: In order to broaden the application range of self-recirculating casing treatment
(SRCT), a counter-rotating compressor was used as the research object. The stability enhance-
ment mechanism of SRCT and the effect of axial injection position on its stability expansion abili-
ty were studied by numerical method. The overall characteristics of the counter-rotating compres-
sor and the change of rotor tip flow field with/without self-recirculating casing treatment were ana-
lyzed in detail. The results showed that considerable stall margin improvement can be obtained by
configuring a self-recirculating casing on the rotor that stalled first, but the axial injection position

had an important effect on the stability improvement effect and the aerodynamic performance of
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the counter-rotating compressor. The axial injection position should not be too close to the leading

edge of the blade; when the injection position was 40% of the axial chord length from the leading

edge of the blade, the improvement of stall margin was 7. 73% and the peak efficiency loss was

minimum. Self-recirculating casing treatment can delay stall by reducing blade tip load, weaken-

ing the strength of the tip secondary leakage flow and restraining the mixing of the tip leakage

flow and main flow. The first stall stage of counter-rotating compressor can be changed by self-re-

circulating casing treatment, without change of the stall initiation type.

Key words: counterrotating compressor; self-recirculating casing treatment (SRCT);

injection position; mechanism of stability improvement; stall margin
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Fig.1 Two-stage counter-rotating compressor
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Table 1 Main design parameters of the

counter-rotating compressor
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i it NUMECA/FINE 804 BOE R i = 4k &
W5 BF ) Navier-Stokes 57 #% . Jif i A5 0 3% % S-A
(Spalart-Allmaras ) #5278, 75 [a] T R B A PR A4 B2
O 22 43 A% 2B 1L, B 18] 350 A DY B Runge-Kutta
Ty i R AOR A o SR FH B Uk 22 6 1 L e 2
A A 2 A i s S SR R R ) A8 A T A 1
0 SR OB 1] X . R AR E AT E R
FH b ey 15, F F1 45 08 B (101 325 Pa) | 6 i
(288.15 K), th H 25 & - #5481 B2 [



194 it = 3

%37 %

Ry 4 A TG T R R B T A A T R JE B A
BT o R P R RS R AL [R] T
NIRRT S B A 8 G SR Y S 1
s Bl 28 22K Ol 50 Pa, BUE TR 45 51 & HOmS BIIA
FE AL AR HUR S

1E S2BEHLIE (solid casing, SC) N K A% A #F 5¢
JIT R BB 7 2 i HER B . I 345 T B TR
(Cal.) 25 £ f1 52 56 (Exp.) 45 B xF o, B Ay
NSP (near - stall point) . DP (design point) , CP
(choke point) 73 5| 3 7% 1T 2 3 A5 B 11 s F1 3 28
Ko HE3TLUE BB A R 5 R a5 R Y
G BUEIHAAR B R ROR F ISRl £
)5 PR AT B R S g o R b IR T RO

C . = Exp.
13 03 —=— Cal.
DP
.2
g12f
= C
E C
ELIE
=
° C CP
F 10 C
0.9 Lo staweatpraalvawrlaanvalpsaaloancia
0.70 0.75 0.80 0.85 090 0.95 1.00
Normalized mass flow rate
(a) BJEH
1.0
[ = Exp.
. g CH
0.9 F NSP a
2 [
5
Q -
= 0.8
o F
2 r
2 [
L
S r
< L CP
0.6
0.5|||||||||||||||||||||||||||||||||||
0.70 0.75 0.80 0.85 090 0.95 1.00
Normalized mass flow rate
(b) e A
13 B A0S 56 0 St e X L
Fig.3 Comparison of overall performance between

numerical and experimental results

1.3 XMEESVEKESF
XF SC & A8 3T 2 T 55 B 1 9 3 R 47 43 1 LA
WEBEAILE M EMNE. K4 RSCHES

AT 4% 7 (IR 3 H Y NSP ) R 7 99% M
(0 3, e TR 4 Ca) I THUAH S 6 4 2 161 7T DL
e F R1 I T0 B 3T it s 80 4F , AR 7 R2 M &
3 TH 5 3T 2 7 5 A A7 AE B IR X, 7E R2 i
Sk 5 RO AT AL E S B AE AR X . A
4(b) Al LA B R2 W T00Hi 2% 067 & 09 3 0 v J 1ol
I8 A IC IR A I TR S S A
HAB IR I B 5 T (AT DA 5k 4 2 R 6 3
W) Bk R2ETZIFEE R AT R A % . |
Pl A Ce) i W e 1 99 %6 i e A R 3% T . 3R 4
Ay A CHBE 6 101 325 Pa #F 17 06 & 49 1k,
C, =p/101325,p Jy M b k) , 0] LUE 3T 2k 8
TAF R2M R EE W B & T RIEBEAT
15 11 S, 2 B s (e R 2 4 4% 1% T BR T R AiE 1 5 <
st far) . Camp % 5250 0 58 32 B 24 i ASHLAA
FaE A HE AR S i B b B e — AT BT
RS FREE A Vo SEH H I T 4% 2k 3 ] e o U
Al DURA B AR T T T R2 e de & A e, HLK
KRG K, B, AW 5T HX R2 #E 47
SRCT.

Relative Mach \ :
number p=1.06%10° Pa

0.60  p=1.03x10° Pa
044  p=1.12x10° Pa
l 028 p=1.14x10°Pa

(a) AR L Ak

((kg-K))
w150
90

.30

(b) W= R — 4ETi Lk



5514 S 4 6 UL 1 08 SR BLIEL 4 B R LB 1 F 5 195

12F e o ——
L A/mm R T 7

o o/mm I T8 ) 5%
0.9 / L MR B, L=L,+L,
08 b L W (o R BE O T 0 B
07 et L. W O e 2B

0 - IO.IZI I IO.I4I I IO.I6I I IOTSI I Il.O T, MR AL, T, =A:A,
Normalized axial chord c. T i 7 2

() 99% M5 11 R R R AL

4 SCHTRE AT 99% M ik i
Fig.4 Flow field at 99% blade span of SC at

the near-stall point

1.4 SRCTi&it
1.4.1 SRCT (&E# 53t

SRCT H W B Ar i RN 0B 21 1, 485 4
SR, &S50 X LFE 2. IS mAE A 1E
IRALIE ) 3an 2l 5 %, WS B R AR B SR FH 46 48 T
Vit WS BE I Y LA TR £ 35 Sy [ 9K 5 3 o o
B8 AR v O A W B SR T s T A R 3
ORI WS AR A JR B AR R AR A T
Coanda &% i o

Suction port
Injector N AR
Bridge / §I
L P
Y’]; Ll ; Lz : y / «g /
y Yy
Casing -4
/ 7Ot\Leading edge Trailing edge

T,=4,4, 0

K5 A PEPRALEE b B Ay 7R 2
Fig.5 Schematic diagram of SRCT

*2 BEFNELETEZESH
Table 2 Main parameters of the SRCT

e LB
a/(%) L aa Wit
B/(®) Wil 3
H/mm g
h/mm W i
A,/mm M A I D v R

1.4.2 SRCT WS E

W% W 1) 4 R 2 515 E AR ERIL I N 1 A0
S T ot i EL B v R A T . N BB A
JE 3 BT, WS 1) 5 Al ) e A /N B G  ASAAE i
TO0 DX ol i AR T A Ay il ) 2 o T L 98 /)N M G SR U
5 EWAAER RN BB . B TR [ )
T AR W /%A R AN X P /T i 1)
RT3 SR AR T AL 2504 s B2 . 255
% L8 T S 3 Tk e RTIL I 2 F 5 AR A 5 R
I8 PR HIL I 198 W <A RS 2 10°(a=p=
10%) , e < 5w R iEFS I AL Sl T8 4.0,
A PR AL I A S ) B 55 6 C, o 80240 (C i AR
FRALIE A 1) 7 55 o FR A IE R ) .

fE SRCT ML & 7 AN G 5 2 5000 o 19 1% 50
L I B B e RSE L e BR P A AE SR HLIE
WM L. LAE R B LI & i S 405 %
A AL B 1R R ) 25, SO TR AR R
RO ERE ., WO ERETESESES
BN 397 37 R AE | W60 0 S 0 VB B S AR WF 9T N
0 A

1) W1 B 3 B

SRCT W A 1 A B Ay ok B | 4 & 22,
Weichert %%/ Zhong %5 i WF 5% 2% B W /< 11 o7
T4 2E X A RE A% 4 ML I B ST 0 A% e B 2E U AR il
o IR R ASHL B 2R S e A AE R (HAR ]
AL e S 1 I 18 FE IX U T A J 1) o7
NAG AR o R i i 1 Pl 4 o A X D A o A Rl
VL B 5 R2 35 2 3 Bl i AR X 32 22 A7 F
R 77 T ET 3026 b 5% K e L PR, R
SRCT W< 1A 8 356 78 B 35 i Al 2% 25%0C,,
B L,=25% C,(C, 2 R2 M- 2R 48 7% K ) .

2) WA o7 3k B

X} e ASHLHY , T HE S 2 1) i 1)
TE) B 2558 /0N, W 2 10 Al i) 67 ‘5 2 45 T 1 B T L g



196 it = 3

VAR S

%37 %

W A 1) e R S T RE S R e B TR IR B AR e
PEUL R bR Wi Rl py DL it o mE B BE s
I 2% KT 45 v R AT I A BB S IR SR A0 B R L X
I 50 R 5 A9 I TO0 I e O W B P 8 5 o Ik A, i
AL RS W A RS IR 28 R, T R B
M I b YR R MR AR A PR BIL AT B 1 i 1) RO L
VE R Bt 2 B Im) s 32 pl I SRR I A B R T
Mt ARG A A S i R A TR LTS 2y
JE22 o L E % J0 H d 22, 3R i 796 BR AL I N
B R AR R AN R R R A Y R 22 R
O R BN WS G Y B B i X B e B B
O Y TR I By K4 . P, AR T 3
AN T Al 1) o7 U7 56 MK A 44 9 SRCT 1
(L,=—5.0%C,) . SRCT 2 (L,=—20%C,)
SRCT 3(L,=—40%C.).
1.4.3  SRCT [R5 %1 53

SRCT 1y M #% il i NUMECA/IGG (interac-
tive geometry modeler and grid generator) ¥l /3, 4
B34 2R ] H RY 25 40 I A%, 0 A Bt 29O 200, 2
BETHT ) A HEAT T I M M o A, T S
SRCT 55 Ik B4 00 v ff 1 336, 7 3 30 18 A9 it T
b S VR AR Y HOBY R A B, AR 1) B Ry
T Bt Y 1/20 99 3 B 2 22 [] A2 S T i3 oy e -
g BT, T R RIS ER 5 B T R AT R
VEWCE#e, b2 MDA 5 SRCT 45 1 it 47 9E L
e 2 422, R IR A 7R A 1D 6 i, BB T AR Y )
& S ACH 18077 .

R1

Thin block——

FE6 i R A R AILIE A% R
Fig.6  Grid diagram of rotor blade and SRCT

2 HR SR
2.1 BAREEES AT

T HE SRCT i R ML E T4 i [l A
SRS B RE 1Y A2 AL, PR LR G O AR B g
SMI(stall margin improvement, & £ 5 1ic 4 1,,)

I {H %4 R 42 T+ 5 PEI (peak efficiency improve-
ment, 54550 0 L)W SRCT (254 ROR HE AT
fili o SMIRYE L 2% CHR[36].
1) |
SC

I — {( TnspMpp 1) . (nngm],p B
TTpp MNsp SRCT Tpp NMNsp
100% (1)
(7pep) skt
IPQ_|: (%EP)SC B
K H T hR SRCT FRiir A AIEAHLIE , T 4x SC
FR L BEMLI ,NSP KR i K3 T4 5, DP £R
Wit PEP R IE{E R0
B 7~FE 843 M A AR SRCT J % F X 4% &
ALV il £ A X L RN 6 R T RS RIR A (i
BRSO AR . SR TR
FBUCy) 35 2 30 o FE A ML S BE LI R A9 31T A0
ARSI TIC A AL BEAS B SCRELI T
B (NSPSC) T %R i 9 2 R 50 0.792, 3 Ff

1}>< 100% (2)

095
PEP  DPSC
% 0.90
B
é L
E 0_35-_ NSPSC
2 [
=]
.'g I NSPSRCT S¢
< 080 —4—SRCT _1
[ —»—SRCT 2
F —— SRCT _3
0'75-||I|..|I||||I||||I||||I||||I|
075 080 085 090 095 1.00
Normalized mass flow rate
(a) AR
1.32
[ —a—SC
L NSPSRCT +SRCT 1
o 129F ——— SRCT 2
E L NSPSC ——SRCT 3
§ I
% 1.26 C
s
=
o L
=123}
DPSC
1.20-||!||||I||||I||||I||||I||||I|

075 080 085 090 095 1.00
Normalized mass flow rate

(b) SJELL

7 SEBEALIE A A G PRAL IR AL BT R AL SR A
Fig.7 Comparison the overall performance of compressor
with SC and SRCT



SR A 0 B TR ATHL A R BRI b B RS ML B Y BT 5 197

E|
8 SMI SMI
6
4t
O\Q o
a =
2k
: SMI
0 L -
5 X - PEI
£ PEI PEI
_2 ;
SRCT 1 SRCT 2 SRCT 3
SRCTH %

8 N[l il e 5S4 B R SMIAI PETHY He 4%
Fig.8 Comparison of SMI and PEI at different axial

injection positions

SRCT 31 2k # 5 (NSPSRCT) R X h i1 i B &
By 4 0.789.0.759 .0.756., M B 7 H AT LAFE H
FLAT AS TR g 1) W8 A< 00 B A SRCT 7 R 39 1 — 2
BE B3 T AL R e TAESE L, [, S B
FetE sk m 22 L% s, BNE BT oL 2 ik 2R
T AR At SRCT BE WS 48 = 8 K L. R,
SRCT Xf Fs AL A W i %80 56 7= A 7 70 THD 5% ), 0
SRR IR KR N 1.16% . LL# =M BA A
il ) 457 B WS AR SRCT 5 & nl LA 31, il 25 155 1%
el ey 457 1] L UE RS Bl LT R Y SR /MR e T
T B AR /N, Y IS A B T T R R A 6 Rk
2 AL RS E # B TR HLA Sk I R0 1 K
Ko SRCT_3 5 FHRAMMERE TAER & K
AN, (D) AN (2) TS B R ALY 2R AR B
LR 7.73% BRI 0.68% , SRCT _1 By 2K i
MR AN R L0V, T W (H s AL R R R
1.16 %6, 3% % BH %t 1) 5 A0 07 B X6 1 06 240 Ak 3 AL [
(4 R R AR SBL I B AR S B M AR YA 52
2.2 FFNINE BRI E ST

JEAML P T e AN R TR s IS K 2 I SE 4
M43 B, Pullan 69798 1 26 3819 & 2E 5 0k 2 9
YA E AR IR PR AR R AL ot R
Hp I TS U 95 T O 08 AR AR S & R TR
A X SR B 0 S AT PR A T . B9k
T 4k 3 T (T8 7 v 59 NSPSC ) 48 97 % 1 i T
V= 0 o TIPS s R Ty e ST N BTl
WBh 4y M 326 T (MF, i (s k) | i T it U 7
(TLF, 4052 4) At 0 — it e 7 (DLEF, 2 (5
SEZR ) I T ke IR B A BT R R B
A DL 3] 52 BE LI A R2 I H- R 4 B 3T % i T it
T U 1) 00 A 2 A 45 it 5% e b it s O TG ¥ )

i T O s B i TN £ L v
e o W TR O O H T A B S AR R
T AN VR HE AR 5 3k 378 O 18 IR 1k A S O S
- T 3 AH EAEJH , TLE/MF 28 51 78 F i
To it 9 38 AR it e U A9 3K 2 T 1) L i I Bl
H 2 i 1, Ml & 8 R R, 3l G S R1RTR2
A 7 A 4 v 34 e] UL R ) B 0 BUTE e R B4
{H R 2 I T0 X374 B 00— v 3k UG 98 5 3 B R, i
00 3k Js G I ) T R B b A Bl A R R
35 AR AR 5 3 B 0 T00 — 3k U 3 % RHLIY
SRR R T A R Y &9 T X
W ARSI R T R2AE R TAE#EA
I8 PR A A A R e i T U R ) A
H o N9 v i it 4k 43 A1 /T LU Y SRCT 5 it T
LY VR 9T 11 5 B U, X 15 25 T A IR AL
W S, T i B I B IAE S 198 2 B3 ik 2> T - T3 s
i, oAb, UM A Y e RO A 3 e RE T IR
LN T ) B A O L U 1 e S el s i
YE T, A 45 it 2 B 3 04 3 2l B it . SRCT R
R2 fif - ToU 4% 245 ) 2o 38 , - o0V O 37 0 3 3 22 )
1) 28 S T A HE 1] 1 i I 00 U A e A I 2% Yk
TR R, NI AE R TR & 4 . SRCT X R1
T X355 ) 378 80 VAT R )

FE] 10 2 AN [6] il 1) W5 <457 T 99 26 i Ji &b %y
] (V) 4345, v DL SEREBLIE R R SHLTE
IR T PN AE AR R TE B [l X HL SR
ol T 5 AL ) 3 T A P T 9 2 D T XA
FE,AEHAT SRCT Ji7 , % 38 18 P A 181 38 X ek 3t i
FH S /N, L o O A e T A 0 v G R
I 1) 38 16 T UE T O O A 2K T O AR B 4K
il , A 38 3 1Y) 38 U B 1A T el DT E R 2K
Kl ik 59 T X B = A ko A —E . [
B AT DAL £2 1) SRCT 32 22 ek A8 R2 19 3 8l , X R1
BV B TR . 7E SRCT 3 % W /Y T 2 3 T4
(B 79 NSPSRCT £) T, B T W8 1 AY g 55
YEFT R2 9 - T3 3 338 1] 1 9% % 20 0146 FH T AH 45
M R SR, B TV A R WS L AR B
I 903 B AR B R1 ¥ A AT RE A 56 B0 T R IO
2% i 0 IR 4, #h AT DA A5 A S FE 34T SRCT
Ja RIS Je & Ak, 2 1 A 16 S LI 4b B2 5
S % A e LI e e 2k SR PR 75 it — 2L 4 T

X R2 FC B A6 HILIE Ab B S w5 A e 47
AT, % e TR SRS 2 T AR R R A4 e/ TAF 7 &
WA o B 11 R 3 2 3R W 0T [ Bt DX 383 3% 43



198 it

B

g 1 % o537 &

Relative Machnumber 0 02 04 06 08 1.0

(¢) SRCT 2 (d) SRCT 3
B9 T 4% 7 S8 T = 4k 3 2 23 A (y=10.792)
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