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Multi-component coupling optimization for stability improvement of
transonic centrifugal compressor

XUE Pengfei, LIU Zhengxian, LI Xiaojian, ZHAO Ming
(School of Mechanical Engineering, Tianjin University, Tianjin 300350, China)

Abstract: Based on the optimal Latin hypercube sampling, polynomial surrogate model, Fourier
amplitude sensitivity test, and gradient mutation hybrid optimization algorithm, a coupling optimization
method of transonic centrifugal compressors was constructed, and the goal of self-recirculation casing
treatment stability improvement without loss of isentropic efficiency was achieved. After the coupling
optimization, the aerodynamic performance of the compressor was comprehensively improved. The
isentropic efficiency of the design point and near-stall point increased by 2.79% and 1.82%, respectively,
and the peak efficiency was slightly higher than the solid compressor. According to the mechanisms of
coupling optimization for stabilization and efficiency enhancement: the recirculation flow of self-
recirculation casing treatment was increased, and more low-energy fluid was removed; the flow incidence
angle of impeller was improved, and the risk of flow separation was reduced; the interaction of leading
edge shock wave and the tip leakage vortex was suppressed, the low-energy fluid downstream the impeller
was reduced, and the circumferential uniformity of the flow was enhanced; the injection angle of upstream
slot of the casing treatment was increased, and the radial distortion of the impeller inlet was weakened; the
increases of both the blade angle of the impeller trailing edge and the radius of the diffuser blade trailing
edge made up for the isentropic efficiency loss; the reduction of the back sweep of the impeller blade

leading edge made up for the choke flow.
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Table 1 Key design parameters of the centrifugal

compressor
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Fig. 1 Geometry model of the compressor
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Fig.2 Schematic diagram of computing domain grid
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Table 2 Maximum relative errors under different

rotating speeds
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Fig. 4 Geometry parameters of self-recirculation casing
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Table 3 Value ranges of geometry parameters of the

baseline self-recirculation casing
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Fig. 5 Cross-validation results of design isentropic efficiency
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Fig. 6 Global sensitivity analysis of design space for self-recirculation casing
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Fig. 7 Influences of key parameters of impeller and diffuser on compressor’s aerodynamic performances
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Table 5 Baseline values and variation ranges of design

variables for compressor coupling optimization

A AR AR BRI EAEE R
AR TR A (0) 1 5 5
A RS TR A /() 43 44.8 46
M RS IRZREAA /() 537 55.2 56.2
TR BB AR /mm 79 79 82

ML 1= A A S5 £/ (°) 135 135 160
LI Feh IR A A 1) 57 B /mm -36 -30.8 -25
HLIE S A 5 B /mm 1 25 4

F LA ) R B 4 3y

max : rldesign
max : Mnear—stall
Edesign > Edesign baseline

12>

.t Enear—stall > gnear—stall,baseline
) Encar—stall > gdesign

Mchoke > mchoke,baseline

o H AR s O e KA BT s (n=0.86 kg/s) FlIE
R T (n=0.73 kg/s) B SRR, YRS R ik
Tl T 2R AT R R FENIR TR O
SUEVE O TR A S IR RN IR T AR M
Kk i i, A SRR, e B, T in
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A e AL BT 23 (8] iR A B, R HT 4 B 2 300
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AU RE, MR A i 25 08 O SRR 11 20%. 24
SREATE N 123 I, FAR R8O YRS 7
BIMER 22BN T 0.1, W R LA B A K .

R AR TR B2 2 8 v o B2 A8 SR A I AL R Tk
(gradient mutation hybrid optimization algorithm,
GMI)!" 52t R S ML Z Bnthifb . B0 B
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L, AT DA 3045 48 br B0 B 0 42 T Tt aSURn
IR TR A R AR T 2.79% . 1.82%, L
JE FE 3 R B 4.21%., 2.52%, FaE T.00 30 Bl &
2.05%( M 20.87% 2T+ = 22.92%) . Hip, K HL
FaE THLE (W) E h
Menoke Ml 3004 (13)
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Table 6 Key performance indicators of compressor before

and after optimization

PEREFE B SEPLE RRERIE %
Bt H AR % 73.61 75.72 2.79
-an g g YR 5.923 6.183 421
Ve B SRR % 71.75 73.08 1.82
IR R SR 6.255 6.417 2.52
Fase To0vu /% 20.87 22.92 2.05

P 8 Xif b T S BEMLIE (solid) | FE i F & ERAL
[ (baseline) . #i A A0S ML (coulping_opt) 1)
PEREMNZE . R AL AL S sl AR e 4 T
RN B R, DE kS B SR
SR HL Y T S RE AL R ASHL ((HL 5 35 W (B S
B o FEA TH0E B NF G LA A 80N T A6
IHILIR T 8 13 1) S AR AR o R AR UL it X
BRI B SR AT SR AR T S REALI ML, =
B Ji PR ATL I A B AR AT T S T 2 g T A X
WAL, BEIR T e AL ME— T A e, T ih 4k A
Rt et DI A g2

274 TR B AR R AR . H,
I FiT 2k 05 B a3 SO e B 2,310, i R
B 2 AR 2225 A1 R 55. 2080 & 55.75°, ¥ TR Ae A
B 2R H 79 mm 390 & 81.3 mm, [8] A
A5 135084 0 5] 160°, W R b i) 47 B
~30.8 mm Wl =) (1] 2 B 2 -31.6 mm, MR B &%
W T 22 2 £ S At WA 5 B T JL P AR A AR
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and after optimization
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Fig. 12 Meridional velocity and local streamlines of the compressor before and after optimization
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