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Stabilizing analysis of trapezoidal circumferential grooves

on an axial rotor
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Abstract: In order to investigate the stabilizing effect of circumferential grooves in dif-
ferent meridional shapes, two trapezoidal grooves structures and an equal-width grooves struc-
ture were designed for the transonic rotor—Rotor 67. The numerical simulations showed that
the composite stability margin of circumferential grooves in design speed was increased from
5.9% to more than 20% , and the normal trapezoidal grooves had best effect in the mall flow
margin. The blade load distribution was improved, and the average work of the blade was in-
creased too. Comparison of these various grooves shows that the upstream three grooves

dominate the biggest contribution, and the normal trapezoidal one’s relative contribution to

stabilizing effect is the best.

Key words: stabilizing; casing treatment; trapezoidal circumferential grooves;

axial rotor; numerical simulation
I H e HA S5 i Ty 8 4548 05

R i v PR AHL BB 9 s B AR AR Al o T

B

A — R BUFEE ARG [, b BEAIL [ BAR AT O 9l 3
P T Bz — — H R B E NS & B A
1 S — Fif A &k B b BRAILIFOE X2 9 2 525
BUEWEFE TS E . B AT LR A B AR JUA TR Pl ak
JRURR AR IR BT T 3R AT — RE 09 A% RE 4 R et

%5 H H#9 :2014-03-03

Z Wk P AL

Ab BRMLIE B2 AR 19 A R E A A 2L, A
VP2 TR BA3 200, 8 AR A X b BRBIL I 4
AR e RN AR T TR A i HE IR . S AE b B AL
AR AR T B AR ME A5 A R F2 A 3 4> I 1), BV Al 16

EELWB 1K A RPFHEA (51006084) 5 85 HIRFLF 34 8 45 H (51236006)
TEE BT A2 (1988 —) BB WAL B AL A 4= A, B M- ML A3 4 1% D52, E-mail : 1060408835 @qq. com



1722 o= B

7o M 5530 %

S R R L EGE . AT 4% . YU Qing %
BT T 3 Pl ) SE AL, OF 7R B 7 L 1 AT
T IS 35 R S I SR 48 RS ROR B i
=i U IE B4R 4 d5c £ 5 Brignole 45 803y 4
Aol ol 1) S BN S B BIF ST SR TN AL RS T 97 AR
ROR S e P A0 8RB AT AN ) 72 B2 A9 2 5 Hem-
bera SIS TE T2 BIE 1 il 1n) 4% , HME BT 5 2% W]
P RRRCRAR G BT T W (E RCR I L T AE
Bl O 2R AT T T B 5 R S8 T AT A T T R A A
HRALIFE A W A8 S M R4 2 B I X 15 7 T L
(4 A P 5 SCHIR (6000 Xof Al e ML Al o i A} 4
Ak AL ) il 1e) 437 B BEAT T S0 MV BUE DT 5. 7
3 0 A AL 5 18T 3R SO SET AT TR 23
ZAWEE s Yang" " WA HIE & WO RS X5 B 35 R b 2B
[P A 55 23 A FRAT AR G B9 9 AR AR X T )
Rl A% 2 B T AR BE AT T A 5 B o B F 5
Wilke %5 £ W57 1 AL AL XS - T3 36 1) 5%
W, i 3 JA] 1) R iy 1) 2 49 2 1) 58 A o) T T B
T I o 7 A RIS T TS AR RE L DA TR B AR AL
SR R A X A 1 A B AT T S 0 A B
WF5E A TEY FaBOR EAFTE — A T Al 58
Rl 5 73 R B AL IN g i 1) M A T R 6L R — R
A 20 Y B AR A TR R 6 AT LA DR/ ) A B T AR i
AP FRROR s AUE T 1 X — 5 7 R AL
(AN TR] T B0 AAS R A A 2B AT T BR8N O B 3
o RS RCR B, X T B Ak BRALIE LU 2 0
R v 8 4 B 5 Shabbir S50 ) FA ] 4 14 4 F pL
HEHEAT T 23 M. X T T 1) M TR B BT 5 A T 23 4
I Rabe %510 XMl 8 47 52 98 AECILBIF 5 L AN
5 P T R A AR ACR N — S T IR
1A AR A 2 OC T 5 Maller 5507 XA [ 1
TR IR  AEA R 00T 647 19 580 #r s 24
A U A A AT T LB 5T L A R A
ASTRVRE AL P RS AL BN A, O B 38 ROR A7 A5
BELRME SC R, T Choi S50 b 22 I 45 1 4k X
i) 1) Rl R AR T AT 25 A AL L IR R R I T AR

AR A 1 A R AL B R A R
W HE MY RBORE C B RAAT. A SO —H
4 A L 728 5 R sl TR L A B X R i
(19 57 A T DR 2 A BIF 5T A R R Ak BHIL [
i TR AS (9 i 4 T 0 SR 3 AR sl 23
A . T3 AR — B 75 5% T Rotor 67,3l i
BUERL, 20 B 1 A8 5 8 T 1) Rl A 9 AR AR
A PN AL 3l B 4

1 HARMNIKEHETIE

L1 HENR

ASCHBEFE X G NASA ) — A~ 15 75 o 5%
F Rotor 67. Rotor 67 Ji& M 2 &l it XUk H (14 265 1
G 5 NASA X HFEAT 1 1F 40 /9 00 &, 5F 4 I
AR ATF LR K 1 iz 7w R E R H
station 1 F station 2 kil & #R 1A,

Alnlet Station 1 Station 2 Outlet

Shroud

Radial direction R

Hub

-
-

Axial direction X

K 1 Rotor 67 JLfi[ /=2 A
Fig. 1 Geometry of the Rotor 67

¥¥ Rotor 67 B it#% @ Hy 16 043 r/min, ¥
TR 1. 63, M AAHXS S K 1.38. 8 1
T BB S B S5 AR SR TE X
B TV T R LR AT R 4 #T
#£ 1 Rotor 67 HIE&EFhSH
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Table 2 Rotor performance of the different casing treatments

ML I 25 1) T m Ths Toas my./ (kg/s) M./ % Am
SW 0.9060 1.6421 0. 8845 1. 6630 31. 797 5. 895 0
20 0.9078 1. 6565 0.8443 1. 7451 28.490 22.950 0.1040
gl 0.9081 1.6572 0.8407 1. 7435 28.312 23.561 0.1096
g2 0.9073 1. 6562 0.8453 1. 7473 28.521 22.997 0.1030
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and near stall point of SW
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Table 4 Summary of the casing treatments
TR HLE L ZM‘“/ ZM"’/ ZMB/ 2P / 2P / ZP“/

(g/) (g/9) > M, ((kg»m)/s)  ((kg+m)/s) >p,
S RE L g0 16. 77 18. 20 1.09 1.71 1.53 0.89
IRk gl 9. 85 15. 54 1.58 0.91 1.17 1.28
HTH o2 24. 41 20. 59 0.84 2. 68 1.97 0.74
s g0 16. 88 17.77 1. 05 1.92 1. 85 0.96
EEESUEN gl 11. 88 16. 05 1.35 1.37 1. 45 1. 06
R g2 23.53 19. 65 0.83 2. 69 2.35 0.87

FUAEL » 1o P Rl L (187 2 A1 26 10 2 2 89 A X BTk o
ERGICIRZ Y E RO DN BT e P e R o B
2, T LA P R Lt R AR 2 45 45 R M ) A G
Rtk R 4wl LUE H, A T80 F X F

SIS M RS P/ S P S el KR
K. g0 K2 g2 Fe/h . 3k 5 b A b o R
BB B,

4

=A

SR R T3 125 0F 5 B FE2 AT J#1 1] R X 5 7 3k
e 7 PR BB Y9 B2 . X KM T6 (8] B B Rotor 67 %
T BB S R R IR S 1) RS AU R T 5 1 14
ARV IF A5 S AT LA A i g . 5
I A5 Ja] 1) R A 3 Bl 23 B A AR 4598

D) 7E T4 3 T, Rotor 67 ¥ 7 TR
B 3 1) M e 23 5 A 5 8 JEE o JRUAR B9 5. 895 %6
femE 200 b R —E YRR 107,
HAIEMIE 451 g1 R fcls

2) BEIE A ) M )T ek T O L B R
T TR SIPPR B0 o A7 R0 3G I T i THHE Al g
JE IR R ST T W R s 0 Py i oA B AR
AT Ky ek B8 AR T AT I A v (ORI I
A W T R

3) A U A A A [R] b 1 o7 Y
R A ROCR AN [R] LA 3 SRR % 32 25K Jm PR A
AR X 8555 O LB s 2K 3 T 20 o i 1 9 5T

4) HE 85 2P 8T R RS [ X M 5 9 52 H
P A 2R 0 AT A A A L
R ABARS 4B TTRRE0AT B i) o 388 5 e Bk B IE
b R 4 ARG 7 R ST R A

4 i

ISA
7

(EAF U A oh T I8 B8 1 1B BRSOk b
Jil o) KRR ROCR G T S BOM Y T A U E
RO HE A 7 A A0 1) 22 ) A K B A (LT e X
PRIAL S0 240 1 RS R AR IR AR DR R A P A 3 L
Xt M 5 U A A8 HL A S R b R AR ORI N R
0T A B A TR b B4R T b e i —
R BIEIE.

S 3k
[0 PORRAL AR K G . AR SCBLBLIS 50 B 5t

Jie B PR [, J12# 3 e . 2006, 36(2) :222-232
LU Xingen,CHU Wuli, ZHU Jungiang, et al. A review of
studies on casing treatment of axial-folw compressor[]].
Advances in Mechanics, 2006, 36 (2): 222-232. (in Chi-
nese)
[ 2] YU Qing.LI Qiushi, LI Ling. The experimental researches
on improving operating stability of a single-stage transonic
fan[R]. ASME GT-2002-30640,2002.
[37] Brignole G A,Danner F C T,Kau H P. Time resolved sim-
ulation and experimental validation of the flow in axial slot
casing treatments for transonic axial compressors [ R J.
ASME Paper 2008-GT-50593,2008.
[47] Hembera M,Danner F C T, Brignole G A. Numerical de-
sign and optimization of casing treatments for transonic
axial compressors[ R]. AIAA,2008-5063,2008.
PR 26 77 AN, B R A BEAL I X B 75 e AL A AR Y
i ()], fiiias sh 1244, 2010,25(11) : 2578-2583.
CHEN Meining, PIAO Ying, WANG Dalei. Effect of inlet

[5]

distortion on the stability of a transonic compressor with
casing treatment[ J]. Journal of Aerospace Power,2010,25
(11):2578-2583. (in Chinese)

ke ms Ot AR L SRR, 5% =4k BIML I Al 7 R AL
FRVERZ W A HLER L) ], =S 3 77 % 41 . 2011, 26 (1) : 92-98.
ZHANG Haoguang, CHU Wuli, WU Yanhui. Mechanism
of influences of axial positions of axial skewed slot casing
treatment on a compressor performance [ ]J]. Journal of

Aerospace Power,2011,26(1):92-98. (in Chinese)



1730

1o AR

5530 %

(7]

[8]

[10]

[11]

[12]

JRig G AR A RO, SF. B 35 R I E HL IR S R AL
PERERUMLIELT . HEHEFEA . 2010,31(3) :301-308.

ZHANG Haoguang, CHU Wuli, WU Yanhui, et al. Flow
mechanisms of improving compressor performance through
self recirculation casing treatment[ ] ]. Journal of Propul-
sion Technology,2010,31(3):301-308. (in Chinese)

JREE G, S R RR A5 B 3G R I E b #E L
AN ERBE M T )], HEdE R AR, 2013,34(7): 918~
924.

ZHANG Haoguang, WU Jun,CHU Wuli, et al. Full-annu-
lus numerical investigation of axial flow compressor with
self recirculation casing treatment[ ] ]. Journal of Propul-
sion Technology,2013,34(7):918-924. (in Chinese)

Yang H,Nuernberger D, Nicke E,et al. Numerical investi-
gation of casing treatment mechanisms with a conservative
mixed-cell approach [ R]. ASME Paper GT2003-38483,
2003.

Wilke I, Kau H P. A numerical investigation of the influ-
ence of casing treatments on the tip leakage flow in a HPC
front stage[ R]. ASME Paper GT-2002-30642,2002.
FERA 5k s R, S LI R B AL f X B AR AL
AR S BOE BT LT ] AL 22 . 2008, 29 (4)
866-872.

CHU Wuli.ZHANG Haoguang, WU Yanhui.et al. Impact
of grooved width of grooved casing on stall margin im-
provement[ J |. Acta Aeronautlca et Astronautica Sinica,
2008,29(4) :866-872. (in Chinese)

JEREFY  FERA sk 6. i SOHLA A RS LB Y A7
AL VL Tk R 2224, 2007,25(5) : 620-624.

LU Jialing, CHU Wuli., ZHANG Haoguang. Making cir-
cumferential grooves in axial-flow compressor more effec-
tive[ J ]. Journal of Northwestern Polytechnical Universi-

ty»,2007,25(5):620-624. (in Chinese)

[13]

[14]

[15]

[16]

[17]

[18]

[19]

BB, Kb, JE (2%, 45, 5 74 ML D o) A 4k 2L AL e
BT T AW ELT . A2 3l ) %41, 2008, 23(4) :687-692.
ZHU Jianhong,PIAO Ying,ZHOU Jianxing,et al. Investi-
gation of off design performance of a transonic compressor
with circumferential grooves [ J ]. Journal of Aerospace
Power,2008,23(4):687-692. (in Chinese)

BLEIIT AR, 6, &5 AUHLJE o) 1 b PEATL I &) o 2
BT MR TR 41 . 2008, 29(4) : 342-347.
ZHU Jianhong, PIAO Ying,QI Xingming, et al. Deal loca-
tion of a compressor’s circumferential casing treatment
[J]. Journal of Harbin Engineering University, 2008, 29
(4):342-347. (in Chinese)

Shabbir A, Adamczyk J J. Flow mechanism for stall margin
improvement due to circumferential casing grooves on axial
compressors[ R]. ASME Paper GT-2004-53903,2004.
Rabe D C, Hah C. Application of casing circumferential
grooves for improved stall margin in a transonic axial com-
pressor[ R]. ASME Paper GT-2002-30641,2002.

Miiller M W, Biela C, Schiffer H P. Effect of circumferen-
tial on the aerodynamic performance of an axial single-
stage transonic compressor [ R ]. ASME Paper GT2007-
27365,2007.

ZEAHR B L 5K s G, Ry 00 fr P Sl O R SO 1) R
FEAEPRAL I 5 R HLBR [T, # E$0 K, 2013, 34 (5) . 629-
637.

LI Xiangjun, CHU Wuli, ZHANG Haoguang. Stabilizing
mechanism of shallow circumferential grooves on a high
loaded transonic axial-flow compressor[J]. Journal of Pro-
pulsion Technology,2013.34(5):629-637. (in Chinese)
Choi K J,Kim ] H.Kim K Y. Design optimization of cir-
cumferential casing grooves for a transonic axial compres-
sor to enhance stall margin[ R]. ASME Paper GT-2010-
22396,2010.

(3t . 222



