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Study on Instability Mechanism of Nitrogen Centrifugal Compressor Diffuser

WANG Meng, LU Xiaodong, CHEN Xiaohu, WU Wanqgiang, WANG Yanhua
(College of Power and Energy Engineering, Harbin Engineering University, Harhin, China, Post Code: 150001 )

Abstract: The research aimed to explore the internal flow characteristics and aerodynamic performance
evolution of centrifugal compressors, providing theoretical basis for the optimization design of centrifugal
compressors. Based on the SST k — @ turbulence model, the full-channel steady-state and transient nu-
merical simulation of a centrifugal compressor was carried out by using the commercial software CFX-
SOLVER. The compressor inlet and outlet flow model based on time dynamic change was established,
and the dynamic development process of rotating stall in the diffuser was studied by coupling the full-
channel numerical method. The results show that during the throttling process, the operating characteris-
tics of centrifugal compressors are relatively stable. A strong pressure pulsation was monitored at the dif-
fuser inlet. Due to the influence of flow separation and strong adverse pressure gradient, a tornado vortex
is rolled up at the leading edge of the diffuser to trigger the stall of the diffuser, and the instability charac-
teristics of the second stage diffuser appears earlier than that of the first stage diffuser. The propagation
direction in the stall zone of each stage diffuser is the same as the rotation direction of the blade, and the
propagation speeds of the first and second stages are 4.348% and 5.26% of impeller rotating speed, re-
spectively.

Key words: centrifugal compressor; rotating stall ; instability mechanism

Wi HHE:2025 -08 - 11;  fEITHHI:2025 -09 -24

B V0 T A RIBEE) (GA23A907 ) 5 sk i A S ARl 55 9% % B¢ 4 BB (3072025 CFJ0307)

Fund-supported Project:Key Research and Development Program of Heilongjiang Province ( GA23A907) ; Special Fund for Basic Scientific Research
Business Expenses of Central Universities (3072025CFJ0307)

BB T H(1991 - ), 5, /R TR ERI BT,

BIEMEE B/ (1990 - ), 53 I RVE TR R 2 B B4R



552 M B

W, 55 AU D R R R A LB T 5 - 97 -

51

il

SO R LA O R RARE L 4 M
B TR AR, B TR ORI B
Tk R G R0 i, B R e B
e B SRR RN
TR B A L2 B 2 o R
ERAIG, PR RE RSN LG SR -ChL
SR TR 2 AL, B T B0 IR LR
EATHE,

SR ACHUR L B0 TR BLAE 2 T
HE AR 2L T RO LT, e gt
SR SRR 2 0 B e T e
SRR AR R BT B LR SO B 2 e
EIAP R TR T | S DL PR A
3R L BO AL 3 TR 2 5
AR R IR, W R A A - RS |
I Y R AR AT B R DS A 2 S
TR B IV, 1t 75T L0 9 3 2
WEZS | NIRRT G B RN
O RABLIIRIFGE , %8 rh AE D™ T 28 5 0 T 2R3 £
B R IRLE R, Everitt S5 N7 BFSE T S 01
FE BRI B0 T UL AR S 15y 2 SR 4601, e
ek A TR A TR TR B, 72 () 2
[ PR 5 0 50 7 A B A2 1 8 5 MDA 5
Bousquet 5 A1~ P54 S TR 58 A9 5.0 FE B
SEATRCEITSY , S LR S e I 2 A A TR
MFDC, ST I REA RS A AR
SENFAEIE T, 7R TR W I S5 R A B
Sy R T D, SRR B4R B S SO IR R
Grondin 45 A" B 5 T HF S -4 T 581 5 B0 TR
LR e T A S 1 W AR A, 45 S, AT
SIS IR 2 [0 2 ) kU 1 3 3 R — A - fih
THOR T L, IF A S T e S S I 1 5 46 . Sun
s U P T S0 TR ML 2 R 1
ML TSSO 5E , % BUTE AR ) 1 e
SR R R T, 92 ] A R
S E R R IR S B AR . Suzuki

NPT R Y AR A B O AL, B AT T
Jb 5 H T HURRE , R I R 5 B 5 A e
RN ARG 3R 2 AR R 2. 0% o I ESE
VIR TR AR ALY 2538 1 P ik & 221> 2k 3k
A RIHLH], Zhang 5 N5 EFXE SR R 4%, 1 I E
FEOCHGR IR T4 4% 10 F a8, i A K B i AR 7E
W0 AR BE R T S 1w UL 3 5 i 44 4, 2k i AT A
TR BT BORRE N 7 A A 46 BRE 29 K 48 e il
(1) 26% , IR SRR DA 03 I kRN
B TR A VR R HOIRAS . Shi BN SE i S8
WFSE T MR S s 8 2 ol % e i) i Ak i 72 AR i 4
B R 5 R ksl R i 2k Uk R 43l 3 AN B,
PE—2 L, Zhang %5 N0 45 G 9200 55 4 T B A
L, A8 T 5P # B0 AR HLLE e B 5L B
P BRER AR, I BB 40 i 7 vk 1R T % S AR
RIPLT 254, R AL T % s AL A IR, Bk
WFRAER T B0 AL e il & A% 45 e Pk S
LN S 0 S, AR SCJR SRR a0 T
o,

AT PRI ST K 22 02 LAHE T 2 A4 T 1 B TR <L
KRG BT X 2 G 0 RS ALYT R A 1 R R R AE
R LA W RV BT, P, AR S i R o
1.483 MPa I B & E O ALY 2% 19 K A2 bl
HHEAT TS, R 4 R H /AR 2 BUE B 7
25, I3 B A A S 45 R T R A BB AR
T RHEAT T BE, FERA ST AU O AL
TAHEE R SR - HE— 25 X5 I 7 i I ) R
F S MEATUREE B IE S R VS IR AT TS, B
TR IE NP TS RRE s TR 2
OFESAHLY E# 8 3B A FaE Ui sh 1 7= 2B F R
PL

1 HEEPGEREIE

1.1 4EEsEE

PIE = 8.0 AL RS X 4, T 3R
R B PR ESHL F7 i B % RS
HH =R Bl 5 TP Gt i A Tl ) R A A
BBt 15 A4S AR A 23 it
A By ds 19 AR



3 o TR

2026 4

- 08 - o mE
800
s YRR
£
500
¥
=
|
100 &
0 400 800 1200

1 R /mm

Bl =ZZBLESIFFRE
Fig. 1| Meridian flow passage of three-stage

centrifugal compressor
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Fig. 2 Diffuser pressure measuring

point distribution
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Fig.3 Grid independence verification
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Fig. 4 Full-channel and diffuser grid computing domain
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Fig.5 Compressor operating characteristic line and

numerical method validation
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Fig. 6 Physical time step independence verification
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