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Abstract: The variable inlet guide vanes and axial skewed slots casing treatment are effective measures
that can extend the operating range of compressor. In order to analyze the mechanism of the interaction of these
two measures, the different guide vanes angle with original smooth wall as well as slots configuration were tested
on a single—rotor compressor. At the same time, the guide vane angle of 10° with each casing configuration and
the guide vane angle of 0° with original smooth wall configuration are simulated. The results of experiment and cal-
culation show that the introduction of these two kinds of measures can gain greater improvement of the stall mar-
gin. The difference of the flow fields of the rotor was analyzed. The positive angle of the inlet guide vane can weak-
en the separation of suction part flow, but it does not change the phenomenon of the stall induced at tip of the ro-
tor blade. The axial skewed slots can weaken the structure of tip leakage vortex to get the improvement of the stall

margin. The different mechanism of these two measures can make sure that using these two measures at the same
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time can gain greater improvement of the stall margin.
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Fig. 1 Diagram of two section type variable inlet guide vane

Fig. 2 Schematic diagram of axial skewed
slots casing treatment(mm)
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Table 1 Improvement of stall margin and peak efficiency
that various improvement measures are compared
with the original isolated rotor

Method SM1% n,, /%

No inlet guide vane, axial skewed slots 21.0 -10.9
Guide vane angle —10°, smooth wall -4.0 -5.0
Guide vane angle 0°, smooth wall -0.1 24
Guide vane angle +10°,smooth wall 9.0 -4.8
Guide vane angle +20°, smooth wall 29.8 -0.6
Guide vane angle —10°, axial skewed slots 15.0 -10.2
Guide vane angle 0°, axial skewed slots 29.8 =35
Guide vane angle +10°, axial skewed slots 43.2 -10.1
Guide vane angle +20°, axial skewed slots 68.9 -9.6
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g.3 Performance curve of different degrees of guide vanes angle with smooth wall
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Fig. 4 Performance curve of 0° and +10° of guide vane angle with two kinds of casing configuration



1212 (i

20144

Fa B 1 R R P T, 255 3R 1 AR OHE 0 R A« AR
B i =0.54 T 6 T AR [R) gk 115 i JURE A R, i
Fi 1) S Ak AL I S 4R v 1 R LA 2k A R[]
P A I (L A0 3 Y B I, I 4 SR Bk — A5 A W]
T B R AR B ST A AR AL K B R LR T, R
FABLIE AL PR FEROR 35 . I 438 ] DL . S0
AR +10°0 7 1] 4% Ab BRLIE 25 0 19 2% 10 A5 U B O
JIN L W R AR A e A, 3 1 G B0HE A 3R B LR AR B
A L I A+ 10° 1Y S BE AL I 25 4 RS A A
0° 1 it i £y [n] 4 Ak B AL 25 44 A AR 22 K, HL b ax — 3%
AR KR 2R — 28 o o B 3% 1A H Al X8 ol LA
F) X T BRI o R A 1) 4 Ak BEAL I [ I 3R TR
I IE 25 B 0 D, B SR T — i A it e BE 3K 45
BRI 2 T A I Wt

3 HE&RU

g 1 REHE— 2 0[] s SR AT S e A A
48 b FRAIL I 45 7 B, 5 2 [R)AE EOAE T R AL B AT
G3 BT AR SO 5 S A S+ 10° 1Y B — Rl L I 255 4 AN
St 00 52 BE LI 25 44 E AT B R, X AR LA
Bl N 2 R VA R /T s T
31 HEWHEFE

AR SC BB TR T 2 B S AR ) 2R R
ff Numeca Fine {3 1" 1Y Euranus 5K fi% 2% . R
Jameson [ A FRAR UG 22 70 4% 20, IF 45 & Baldwin-
Lomax ( B—L) {ifi 1t A5 1 % AH X A bR 2R T 1) = 4k T i B

¥4 Navier— Stokes J5 B2 47 2K f# , % 1 2 2L 4 B Run-

o= Kutta b [ 4 38 L5 1952 0 1, 58 R ) T 278
04 5 5 6 254 58 22 0 025 1 S0 2
R AR

11 s —a—EXPICT/+10

V=8 130min - —a bR 10

toof S
—&—CAL/SW/0

L0

e ratio

Total pressur
> =
X 3
L] 1
—J’(
B /."’ ;
<
7
@

1.OSF

e
1.04F \\,
1.03F
1.02-..l...l....l.;..i,..,l i i |
15 2 25 3 35 4 45 5

Mass flow/(kg/s)
(a) Mass flow-total pressure ratio

T W TR O i R A ) 48 A P
[FEL ) L S 5 50 143 2k K 150, 1175 &b B AL I 4% % 5 %
T A B2 B2 Ak 51, DA A A5 R P 3 G
if R — AN 3 T R A A FR AL A . S A
BT E SR T O4H MAS # S5 4, S b I A% 2L 2
930 07, e T RO RS B2 Sk 70 U7, Ak BRAILIEE O 0 K 2
J 6077 .

TR R LI DL K A TR RE b 4 2 34
T RS i REE O R AR E s
JE 101325 Pa, &7 288.15 K, #F S A 18] S 11 G
] o B T Ui A A B E il B AR R R O T R
R Al S5 6 000 5 A 3 A A B R A A R R AR %R
SHLBRE ERF RS . M 0 R R
it — A RS 25 Y B RS A KRR
BLEEA T R T
32 HEERE54H

K5 45 T % R ST 46 53 5% 18 8130r/min 52
B R TE A B 0 SRR B (L : EXP R 525 5 CAL
FRT ; SW IR SEREHLIE ; CT 7R i | A [ 4% 4b
PRI BUF+10 K8 S LA +10° 807 0 YRR 7
M 0°) . BRE IFREMS B BRI REL S
SR AH AT A AR SR SCR R R A S S —
|, TH A 2R AR S FE B4 BT P A R e
FE A MU E M52 0, X ROR R g 2 06, o
FEAE Y 22 B2 B T 3 SR op iy gl X AR BRI L8 A
AR L AR A R 0 A B 5 2 4 W] S B0
g,

M R DL, S0+ 10045 i B A 1 4 b PR
HLIF 15 LT, BAR R LA B AIC, 48 IVROR I A T
R, AFL 2K R 50U B A X T 3 i 0° 11 52 BE BIL I SR Ul A

. Nest300mi RS
0.95E TPt rir =— EXPRW/O
5 sreie - CALSWAT
0.9F : P:%L 3o CALRWI
Sossk £ Ciiq }5‘,&.
£ P . \
£ 08F T 1
g OSErEEge x
2 075F A 5
Z 07F &
’QJ,; z
Z 0.65F
0.6
0.55 E |y 1 1 il 1

1.5 2 25 3 35 4 45 5
Mass flow/(kg/s)
(b) Mass flow-isentropic efficiency

Fig.5 Computed and measured rotor performance at 0.54 relative speed
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Table 2 Numerical improvement of stall margin
and peak efficiency

Method SM/% n,, /%
Guide vane angle +10°, smooth wall 7.5 -0.4
Guide vane angle +10°, axial skewed slots 41.5 -9.0
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(a) Guide vane angle 0°,smooth wall
Relati

(¢) Guide vane angle +10°, axial skewed slots casing treatment
Fig. 8 Relative Mach number of 80% rotor blade span
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(¢) Guide vane angle +10°, axial skewed slots casing treatment
Fig. 9 Relative Mach number of 50% rotor blade span
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