2020 4 7 A e o B OAR July 2020

BaE FIM JOURNAL OF PROPULSION TECHNOLOGY Vol.41 No.7

MR RERRARIEEEES HHHR
ESAFE e M

HS%, ¥ %k, kiEE
(FaHb Tk K22 s 5haeiR2ERe, BEVE P94 710129)

B OB ATRSWAEANZIES, BRRGEDIAGEE, FRFR A BB 4%
JEEANA R, REEHEN TR, BEERZLAFFEAREAT L RS ARRT LA B EAIAS
A, AR ENCR L RHANZ RN ERRZIAXBET —FHOMERELE AER, HHETE+R
BUEEAAG M S RBFR T RAT E R A e AT B R AT AR R R E G A TR 69 % v 55 xR AL
R R CAF TN 0 Fva, SREVESBIEANT, ENGHARSHHT, Kok, RoTiL
EHT, BAENGZREEAZRNEREERLERFSHEATREEIFHTMNME ., BEARSEE
AMEARE I, A2 38 vt B0 H e MK B EJG AT e B FR G

TR AR EAN; KRB, Mk, BEA; BT, 4R

RESES: V2313 XERERIRAD: A MEHS: 1001-4055 (2020) 07-1493-09

DOI: 10.13675/j.cnki. tjjs. 190222

Application of Loss and Deviation Surrogate Models on Prediction
of Multistage Axial Compressor Characteristics

HAN Chang—fu, LIU Bo, ZHANG Bo-tao

(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: In order to improve the design capability of axial compressor and characteristics of the engine,
researchers need to master a method which can better predict pressure ratio and efficiency of axial compressor.
Combining the data of compressor flow field calculated by theory of three—dimensional flow and empirical loss and
deviation formulas, a new loss and deviation model was established by using regularized radial basis function neu-
ral network instead of empirical formulas, and the characteristics of E* 10—stage high pressure compressor were
calculated. The effects of non-regularization and regularization on loss and deviation prediction were studied, re-
spectively, as well as the influence of compressor efficiency and pressure ratio prediction was investigated. The
results showed that in a multistage compressor, under the conditions of distinguishing rotor and stator, rotating
speed and operating conditions, the regularized radial basis function neural network surrogate model could better
predict the loss and deviation and overall characteristics of a multistage compressor in most cases. However, this
kind of work could not have a satisfying performance on the prediction of loss and deviation from shroud to hub.
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Fig. 1 Principle of surrogate model
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Fig.2 Generalized RBF neural network
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Fig. 4 L2 norm of loss and deviation with different Ig/ at 100% rotating speed
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Table 2 100% rotating speed near-choke stator regularized/

non-regularized

Table 3 100% rotating speed near-stall rotor regularized/

non-regularized

Error Type Non-regularized Regularized
Max.abs.loss 0.8463 0.8445
Min.abs.loss 0.0003 0.0008
Max.rel.loss 4.6843 4.5567
Min.rel.loss 0.0044 0.0016

Max.abs.dev/(°) 7.1346 7.6185

Min.abs.dev/(°) 0.7459 0.3191

Max.rel.dev/(°) 0.7506 0.6361

Min.rel.dev/(°) 0.0598 0.0273
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Fig.5 Comparison between predicted results and samples in 20 random points loss and deviation at 100% rotating speed
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Fig. 6 100% loss and deviation with 100% rotating speed and 53.5kg/s rotor
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Fig. 7 Near-choke first stage stator loss and deviation from shroud to hub with 100% rotating speed and 55.3kg/s
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Fig. 8 Near-stall first stage rotor loss and deviation from shroud to hub with 100% rotating speed and 50.0kg/s
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Fig. 9 Near-choke last stage rotor loss and deviation from shroud to hub with 100% rotating speed and 50.0kg/s
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Fig. 10 Near-choke last stage stator loss and deviation from shroud to hub with 85% rotating speed and 27.1kg/s
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Fig. 11 Performance map under three kinds of loss and deviation models
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