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Rotating stall mechanism of dual-stage contra-rotating compressor

LI Xiao-jun, GAO Li-min, XIE Jan, LIU Bo

(School of Power and Energy,
Northwestern Polytechnical University,' Xi’an710072% China)

Abstract: Based on steady numerical simulation of contra-rotating compressor in lab, a
numerical investigation of“the rotating stall mechanism of a contra-rotating axial flow com-
pressor was conducted. The study shows-that: ~(1) the rotating stall inception which ap-
pears near-the stall point is “spike” type;. (2) the-tip clearance vortex in rotor 2 develops
rapidly neat the stall point ‘and the passage is chocked, which cause the instability of the

whole compressor;, (3) the acrodynamic stability of compressor is determined by the devel-

opment of tip clearance vortex imrotor 2 because of the high loading on the blades.
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Fig. 1 Photos of contra-rotating compressor
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Fig. 3 Characteristic lines of contra-rotating compressor
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Flow field of roters at 99% span

under design mass flow

- =m
0.16 032 047 063 079 0.95

(a) 1 2z [

(b) i 2k
6.0kg/s Wt LT 99 % M = &
e R
Flow field of rotors at 99% span

under 6. 0kg/s mass flow



%1

RIS LA XU e R LI 2R L AT 191

e (4 Ca)) M 6. 0kg/s i B (B 5(a))
AL 45— v 3 U RN [R] R 3k Y O 1) %) 28 5 T 1
Ib TGRS R UE, H 5 5 b B 4 ) Y A7 A
—ERT S TR 2 M MR TR 1 A AE
BRI B o R G 2 i T[] 2 i Jhs 7 58
JE 50, DT 3 3505 - 2 I O[] R v A 49 B R
L, HIzse S i+ 1 v 3 o fw 1) F i 2R B4R
J7 1) it ARSI U e &5 b
Tt 0 TR] [t 3t 3T ) 9 52 ST 2 1) v R R 2% Y
Mgy, MRS T AEAE R R W TR (&l 6
(a))  J Wt vl 1 0AR 0 38 nin 5 5O | i
o AF L BRI, A TS B0 BRI Y T B A N Y
52y N 1 O £ Rl e o I < O D A N TR
ZIN S DR B0 2 7 1 vl 32 90 0 T B ik s 9 R0 ) 58
ST 3T AR R R 2% AR P TP AT M 2
P T T L 1 S

| -
l-jnlmp_\- 0 0.16 032 047 063 079 095

(a) M 2]

(b) ¥tk

B 6 LM FE T T 99% M EA &
¥ NI
Fig. 6 Flow field of rotors at 99% span

under stall mass flow

Xt LR 4~ 151 6 45 i i 45 T 00 T 5% 1 A X i

JE 2 B AT & B AR TR & (B 4 (b)) M
6. 0kg/s¥i (& 5(b)) T 0L | T 3 37 X 1] Bt it
U U A4 A 28 TR A PR A A5 45 e rh R s AR e L it
Ji BB G AN A AE 18] B 13 370 1) AF 48 i 5 R g T A 3
B, MR R B a0 F (B 6(b)), i F 2
Byt 1 e ALK R ] B it s O 20 00 8, 32 O I
7 55 Hb AT ) BRI U O R K R L DRI B T 1 AN
+ 2 RS AL A 4y a) B O Ik O 1) 1A SR R
R T 7 2 v A R BT B A TR X

S RUN N S T2 42 i BT S DRV e el W
B 2 W 4 e SCHER L7 148 S A 98 4 T U 2k
WG PE SN AEAE 1 2% 1 o B 32 300 0 T B ot s 30 ) )
2B A% 3h F R R 2% DLRT HAF 7E TS i B
G2, (] B 8 4 1) B ot s 3 A I R 5 U ) A <88
J B 3 1 IR R R DXL R A B T
B 2 hAETE 5 AR WA AR AT 4 B M
HA6. Okg/s it LOL T 4T I A 5=
I W B I R BhA7 A6 T 75 A5 LI AS A7 A 28 2R
W I W bR 4 3.

B 7~ 9 %5 T ANE T T X % e S HLES
I T DX s 26 X e A1 B ] Bt T 3R 7 B
B g 0 I RN E XN 6 =&l /2w, [ €]
Fita 23 A Fe 48 T iR % H 1 1S RN 5 1 # ERE R
JINCE T iR e 1Y) fe (BRI A () B T e s i A% . HL 48
Xof i et 7 A i) st vtk s e AR R S A AR

R E N (B DL 1 M+ 2 kR
00 18 £ 7 (8] It 1t s 3 L A5 2 T2 BT 1) B vk U
T T AE 32U A0 1 FH T T st 3tk Jh 68 49 A 00 b 470 1)
JEEEAU B ARAB I Fr (5% 4 T ] ) 2 - W 3 A
TR . PR AE BT AR T TR ZE AR )N
G I NI R AR B A 2 g A A X i
oA o B e B, B A TR R D 00 1) T U R R
Ji o ot XoF 165 {32 W 0 /)N« 3R WA T R A 0 4R
JHTE 8] Bt it s it 7 1) T 0 4% 16 9 0 72 op L RE 1
W FERL. 7E 6. Okg/s Wit TOLH (B 8) . 5+ 1
FVE - 2 vl (] B 3k s U 7 5 1 I R A2 T AL 7
A HIRRETE BT ] B itk s it AH L Z T3+ 2
(i) 55 3tk s 993 114 4% 1 5 ) 582 ¥ 1 b R o g [ T R
IQHILR Ty ) HL I (0] B it e 96 588 55 B B v TR T
1. BRTE 6. Okg/s ittt TN 1 M+ 2 h
[i] 5 Vit s P 5 B R AR b s TR A T A
TR AR PR 5w 1) 2y ik DT A0 ) T[] B i
T 0% 1) ] [ 19 & e o TR T 2 3 3 AT R R
St I G, AT R T AT (B 9) e T
1 it i % D) st 3tk 9 O A5 A TR BT ) B i O



192 it = &

1o AR

o528 4

2 5] it it s i A R D7 1) JLF ) I R 6 T AE Y- T
J5 1) A7 EL U i s e o B B e T DL 4% T
UL M1 2 rp el T R HE R 2 BOR f Ay ]
B it T 97 56 J3E R S0 AR T s B L ACBL L B T 2

Absolute
vorticity/(1/s) 80

g 20

(a) H11

M50 DX Jok ] it 8 3 e 7 R T 5 2200 AL
A 1) T Y e 4 ak A R g AR A0S I R T g T 1)
KR L VL ZE S I 3 G T A 2 L R BT
Fr RGBT BT O A A

Absolute
vorticity/(1/s) 80

30

7 BT T A R T TR X S A A5
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