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Research on the Influence of the Vane Stagger Angle on the Aerodynamic
Performance and Stall Mechanism of Centrifugal Compressor Diffuser

HU Chen-xing, GENG Kai-he ,ZHANG Cheng, YANG Ce
( School of Mechanical and Vehicle Engineering, Beijing Institute of Technology , Beijing, China, Post Code ;100081 )

Abstract: In order to investigate the induced effect of abnormal vanes of centrifugal compressor diffuser
on the stall phenomenon, a high-speed centrifugal compressor with vaned diffuser was taken as the re-
search object. The unsteady numerical simulation was carried out by changing the vane stagger angle of
the diffuser wholly or partially, and the results were compared with the experimental results to study the
influence rule of the vane stagger angle variation on the performance, dynamic characteristics and stall
mechanism of the centrifugal compressor. The research results show that selecting the vane stagger angle
in the full negative direction will make the diffuser more unstable. From —5° to 5°,the mass flow rate
corresponding to the highest efficiency point increases gradually. For the diffuser with the vane stagger an-
gle deflection of +5¢the flow separation near the shroud wall occurs at the leading edge of the diffuser
blade ,which induces the backflow in the vaneless space. And for the diffuser with the vane stagger angle

deflection of —5°,the flow separation near the hub of the diffuser mainly occurs at the trailing edge,re-
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sulting in a large range of backflow near the suction surface of the diffuser blade. When the stagger angle

deflection of a single blade is larger than 10 degrees, the diffuser stall comes earlier than the impeller,and

the stall mechanism may change with the increasement of the stagger angle deflection.

Key words: centrifugal compressor,vaned diffuser, vane stagger angle, stall , rotor-stator interference
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Tab. 1 Geometric parameters of centrifugal compressor
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Fig. 1 Schematic diagram of a centrifugal compressor

with vaned diffuser

AT TR B G S WO AR PR RE Y
SN KR , PRI P 2 R i i, e S22 A O
H2 70, 10° 71 15°, XF oL B TE 5 09 56 3l
AN1,AN2 1 AN3,

2 FESREARENATEE
Fig.2 Schematic diagram of the vaned diffuser

with abnormal stagger angle
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Fig. 3 Schematic diagram of the grids of the impeller

and vaned diffuser
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Fig. 6 Distribution of streamline and axial vorticity at the
leading edge of vaned diffuser under the nearly

stall condition

-12 000 0

s

12 000

(a) MR fRFE-5° 47 Ea%

(b) MR {00 P EAF

(e) M HfRFEs® RS

7 ERBEIAY ESRMHAEREREZSHERENS T
Fig. 7 Distribution of streamline and axial vorticity at
the rear edge of vaned diffuser under the nearly

stall condition

2.3 BRESFMES

0T R TR A 0 2k 00T BRI 8
GroeE T A SOy R 90% i 5 i i
e — 597 AR 10% I oG 4 0 £k 55 il 1) 365 ik ) IR b
Grfiie A 8 (a) AL, fE F ks SoY ey | Y
T % (19 P R W 7 TG AR A7 A BH A Sl 20 B T A 2
FTEIEATAE 3 A58 3 1 18] 9 X3, 2 3l JE i X (]
P8 [ X W 7 T R 4 119 [ e DX LA B e
HH AU S [ 9 X, JH v A I X ] g [ 3 X A
Pz ERA T 2E i &] 8(b) ATAL, fE R4S - 5°
PR 1 S E R Fr BGA A AR (o 3 7 B LA
KEIFRHER, 2 SHEREZ FIF T —EK



82 Mo 3 o TR 2021 4

TR EIL G JFIG B T I RTGBTEE F t (AT T AL 25 e
CURASEIEI LT 45 7 2 S, AT, e

FEGF o4 FE 28 ot AT B 0 30 4TS B 2al
ARG, AR EE - 59 Rds B &AL MR ) 200 Sem—ma
YIRS R AL N = 2
~12 000 0 12 000 lntjl 16L —m—an T N
s I " gl e \Q
\ ; — — BRI
12 ——axwe

1‘0 1 1 L
0.70 0.75 0.80 0.85 0.90 0.95 1.00
H—{eiiE

= B9 AEREMHRRERTHESNIERES
(a) M- HREESe P HEER90% M Fig. 9 Curve chart of the performance of centrifugal
compressor with different abnormal vane

stagger angles

120 130 140 150 160 170 180 190 200

(b) MR fide-5° 3§ IERR10%H 75

B8 HEXEIRYERFEPRERESHEORESH

Fig. 8 Distribution of streamline and axial vorticity at

it 1 o

limited passages of vaned diffuser under the nearly

stall condition

3 REMRZWMMAESH

MY AR AL TR 0 B, 3 R S i X
MR PEREM R R 9 FR, ﬁ#ﬂﬁ%*ﬁ%ﬁlﬂ%l
DU T A — b 3, B 9 BIAIL BEE SRR
B A s, SR A T L 2/ %
B R SN, (R 3 R R R IER
HLR L & A EAT T i — B :
E] 10 éﬁtﬂ? ANl ‘ANZ ﬁl AN3 3 ﬁ’%{ﬂﬁ% 0 40 80 1201602002402803-20360
LY Hegs 95% M i B f R A . i B 10 AR )
AL, B ANTJE] 1) i R 2 A AR 250, 9 AR Y
PRI I BT BB, WiAE AN2 Fl AN3
PRI UL T, 0] L& B0 R 2% A7 A2 KR IR R

A

AR DA

B 10 REREFMHAFREFLERETRE 95 %
MHELEENSH
Fig. 10 Contours of static pressure distribution at 95 %

KAHEX RISl 45 F . Horpr AN2 v i) T 20 A blade height with different abnormal vane stagger
AKSFRAEEE AN R AR WA AL, 1 AN3 Hh i angles under the nearly stall condition

FEo A A B B4 TR S W BRI £ b B
RS M T B AN RIS R LR B P L1 DAy ke T 00 i 10 S g oA, 0 T



10 4]

BRI AN B R SALY R B PERE S R AL B RE iR AT 52 - 83 -

B S8 S B G, LR ) T 5 ik i
AT RE T FEA - 1 A7 7 R A g Xk, AR
RERHETIEZ —

e [

0 10 20 30 40 50 60 70 80 90 100

(b) AN2

(c) AN3

11 AERFREHRRZEATHRANOBS S
Fig. 11 Contours of entropy distribution at the impeller

inlet with different abnormal vane stagger angles

p P L1 AT, B ANL A A TSP 1 452 30 0
IR 7 B AT A ST Y 0l DX, T ) AN2 A
AN3, AR Z B AR X . Z55 18 9 FTAL AE Y
FEARM e A e I 7O AT T R RPLR EA
JeRAET MR T AN2 Fl AN3 B4 p B U HLAK 3

AT . & ERA, Y 58 iede f
BERL/INIE, R AL B ST AR S AR E BLR . T
et 5 R BE RS R A 1000, i 2k AR B
RSk EAY TR BB Y 5 A £
T IEAWIAE BT S PR A R TR Ak T 5
FEPERE , 3 R I 48 AT TR AR F 2 38 I 8 I S
TE— AR BN a0 R B, e 5%
T TR 4 LA A Y e R T Ao R
ARG A o T T TR AR AR 2 A e T
St , 47" Fi e 2 L e [ B AT BT A K, A RT

4 &

(1) Suk A e AN -5 L3] S, i i
L FABHAL K W R K o0 B AR
WK Hl FRAVUKEEZERZETHRT, K
A X O ) R A A P SR R

(2) X LUATR 223 A T W R nl A, & B
P B2 A I RA A T EEREIB AT S R il oy
BRI B R 22 S 80 4 WK ) T A7 AE B
AR BN, AN e M = R R e R
APl ETF e 5° 0 e o AT gr Ak Y
Wish o> 8 LB R TR M, MiE R 4% - S By
Fen it Fr BE AL I 8l or B 3 2R AL A R B o

(3) LR R BER M BRI, A4k &
MBI TR IS . T TRA 7 70 R e
i 10°0, AR BG N 20 REEY Ed .
FELSRH A 10° 55 15° 947 R 4 5% 3 HIL ) 7T BE
fAEREER.

S5 3k

[1] SPAKOVSZKY Z S,RODUNER C H. Spike and modal stall incep-
tion in an advanced turbocharger centrifugal compressor[ J ], Jour-
nal of Turbomachinery,2009,131.031012.

[2] HUCX,YANGC,SHI X, et al. Investigation of rotatitig stall i ra-
dial vaneless diffusers with asymmetric inflow[ J]. Aerospace Sci-
ence and Techriology,2020,96 ; 105546.

[3] IBARAKI S, MATSUO T, YOKOYAMA T. Investigation of un-
sradlyHow Bl e vanel ditfussn o womasnia cennifanal Bom:
pressoe[ 1] Journal of Tutbeinachinesy ;2007 120 (4) 686 ~693.

(4] B 5, X B IES R Hou s 67 8 O IR LI R



.84 -

o fe zh

i

T

2021 4

(5]

(7]

[8]

(9]

[10]

[11]

[12]

fFFELT]. MUBCT AR S A Sk, 2017(2) 21 - 23.
LIANG Jie, WANG Yi. Effect of blade number on performance of
centrifugal compressor with channel diffuser[ J]. Mechanical Engi-
neering & Automation,2017(2) :21 -23.
EEfE, & Ot ORI R RS E it it ] T
TR FRZEAR 2007 (3) 2391 -394,
WANG Zhi-heng, XI Guang. Aerodynamic optimization design of
vaned diffuser for centrifugal compressors[ J]. Journal of Engineer-
ing Thermophysies,2007(3) :391 -394,
LT 5 N E [ S W 0 U P
BLPEREAYSZEMI [ ]. FARESH T T 2018,11(33) 152 - 57.
MA Chao, LI Wen-jiao, WANG Hang, et al. Influence of thickness
distribution of diffuser vane on performance of centrifugal compres-
sor[ ] ]. Journal of Engineering for Thermal Energy and Power,
2018,11(33) .52 -57.
A IR, 2R L A AR T TR AR B A B S
BLT], ALY 2016 ,44(5) :22 -27.
GU Chuan-wen, SUN Li-juan, L1 Xiao-dong, et al. Aerodynamic
design and optimization of radial vaned diffuser| ] . Fluid Machin-
ery,2016,44(5) ;22 -27.
FEUFFHE, BN B AL Y AR 2 S B B
[J], KA ,2010,06.:27 -31.
WU Hai-yang, ZHANG Chao-lei. Multipoint aerodynamic optimiza-
tion design of vaned diffuser of centrifugal compressor| J]. Com-
pressor, Blower & Fan Technology,2010,06:27 —31.
HU C X,YANG C,YI W L, et al. Influence of shroud profiling on
the compressor diffuser: frozen-eddy approach and mode decompo-
sition[ J |. International Journal of Mechanical Sciences, 2020,
178 ,105623.
XUE X, WANG T,ZHANG T T, YANG B. Mechanism of stall and
surge in a centrifugal compressor with a variable vaned diffuser
[ J]. Chinese Journal of Aeronautics,31(8) 1222 —1231.
Mo B ARIIE, A6, S P ER SO L E L RE
WALT], TR FAER 2013 ,34(3) 1427 - 430.
LIN Tong, QI Ming-xu, TAN Wei, et al. Influences of diffuser
types on the performances of centrifugal compressor[ J]. Journal
of Engineering Thermophysics,2013,34(3) .427 —430.
R 6T, 2 AR SR (S B 1 0

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

P HEgRRA ] TR AR, 2005,26 (4) :599 - 601.
GAO Li-min, XI Guang, WANG Shang-jin ,et al. Experimental in-
vestigation on a vaned diffuser flow field behind a centrifugal im-
peller using constant temperature anemometer| J|. Journal of En-
gineering Thermophysies,2005,26(4) 599 - 601.

BUE B, BRI R E . O M S A T R
LT, Wiz 2491 ,2012,33(7) - 1173 - 1180.

WEI Bao-feng, JING Dong-hai,GUI Xing-min. Numerical simula-
tion of impeller-diffuser interaction in centrifugal compressor[ J].
Acta Aeronautica et Astronautica Sinica, 2012, 33 (7 ):
1173 - 1180.

FOFL I fE AL IEE PR AR s AT SR LT ] KL
A, 2010,(5) :5 -9.

ZHOU Li,ZHANG Xin. Research on the internal flow in the vo-
lute of centrifugal compressor [ ] ]. Compressor, Blower & Fan
Technology 2010, (5) ;5 -9.

KAWANISHI T,TOHBE Y ,KANAZAWA N. Investigations of the
performance on vaned diffusers for low specific speed centrifugal
compressor| J | . International Journal of Gas Turbine, Propulsion
and Power Systems,2014,6(1) ;9 —16.

CUKUREL B,LAWLESS P B,FLEELER 8. Particle image veloc-
ity investigation of a high speed centrifugal compressor diffuser:
spanwise and loading variations[ J |. Journal of Turbomachinery,
2010,132(2) :21010.

GOODING ] W,FABIAN C J,KEY L N. LDV characterization of
unsteady vaned diffuser flow in a centrifugal compressor[ J]. Jour-
nal of Turbomachinery ,2020,142(4) :041001.

BOUSQUET Y,BINDER N,DUFOUR G, et al. Numerical simula-
tion of stall inception mechanisms in a centrifugal compressor with
vaned diffuser [ J |]. Journal of Turbomachinery, 2016, 138
(12) +121005.

HILL R A. Simulation of spike stall inception in a radial vaned
diffuser[ D |. Massachusetts Institute of Technology,2007.
EVERITT J N,SPAKOVSZKY Z S. An investigation of stall in-
ception in centrifugal compressor vaned diffuser[ J]. Journal of
Turbomachinery,2011,135(1) :1737 - 1749.

(£%4# %4H)



