2020 4 7 A e o AR July 2020

4L FIM JOURNAL OF PROPULSION TECHNOLOGY Vol.41

No.7

MR RERRARIEEEES HHHR
ESHUERIETN PN A

$hgg, Xk, KHE
(PHAE Tl k2 shh Shelieare, Ber P22 710129)

W OE:. ATRSHAEANRITEE S, HmREZ LD, F2 RS ETTRN 4R
RSN R | RS T ik, BN ZUAHE BRI A K AR R R A
I, AR ENZEGEJBAYZEMBBRZEAXBET —FIHOMEAEE ARE, AT ETAR
B EEAAA A FFo R AFR T R AT IE N AL Fe B 4T B WAL AR K R G A TR 69 % a5 At R AL
RS LA ETAN G Fvm, SRE, ESBREANT, EINAHRARSEHHT. Kok, RoL
WEMT, A ENZE RN ZENEREEADEXFSHLTRBEIFRTNMRE ., 5 ALS A
FEAMEMRAF I, A2 B v & oA 09 R KA E G A TR AL ) A ARG .

KR M EAN; REER, Bk, BEA; 5B, =453

RESES: V2313 XEAARISAEG . 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 angle formulas, a new loss and deviation angle model was established by using regularized radial basis
function neural network instead of empirical formulas, and the characteristics of E* 10—stage high pressure com-
pressor were calculated. The effects of non—regularization and regularization on loss and deviation angle predic-
tion were studied, respectively, 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 angle 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 devi-

ation angle 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

Error type Non-regularized Regularized
Max.abs.loss 0.1687 0.1682
Min.abs.loss 0.0015 0.0003
Max.rel.loss 0.8299 0.7156
Min.rel.loss 0.0348 0.0038

Max.abs.dev/(°) 4.3861 4.2554
Min.abs.dev/(°) 0.0845 0.0100
Max.rel.dev/(°) 0.8727 0.6001
Min.rel.dev/(°) 0.0069 0.0018

AU AN AR OE LAk, OF U] Ak i 00 5 SRS B 3
BEE N0 G R S A T R K A X iR 22 L R /N4
X 25 | e KA R R 25 5 fe /A R R 25 R B A i
P8/ IN o H R AE A B T A A 2 IE AR S 1R 22 BT
RN B, 3% AT B2 L 2805 S8l 2 800 Bl BL
PR AR A B A S8

& 6 H R 78 B 2 45 B 100% % 8 e 53.5kg/s i H
TS TR AL AR B B NS — R B e S — R



1498 o # R 2020 4
0.4 35
L * RBF 30k * RBF
+ R-RBF + R-RBF
03 ~ 25 F
2 L < i
o S 20}
g =
2 02F S |
5 2 15f
e - 3]
A ' . & A
10 F O
01F s A
[ * o 3 D .
- 8% 5 S nl.
.l
0.0 1 1 1 1 1 1 1 0 A 1 1 1 1 1
0.0 0.1 0.2 03 0.4 0 5 10 15 20 25 30 35
Sample loss Sample dev/(°)
(a) Near-choke stator loss (b) Near-choke stator deviation
0.4 35
L = RBF 0k * RBF
+ R-RBF N + R-RBF
03 ~ 25
2 a Bl
i S 20 F
5 £ i
5 02 -2 L
2 15 L
. = i
o1p ¢ ’! . 10| : s H
g SF i
00 L . . L A A 0 L A . L . .
0.0 0.1 0.2 03 04 0 5 10 15 20 25 30 35

Sample loss

(¢) Near-stall rotor loss

Sample dev/(°)

(d) Near-stall rotor deviation

Fig.5 Comparison between predicted results and samples in 20 random points loss and deviation at 100% rotating speed

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. 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. 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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