59 % 453 B % X @ K ¥ ¥ K Vol.59 No. 3
2025 4F 3 f JOURNAL OF XI’ AN JIAOTONG UNIVERSITY Mar. 2025

E R B RIREXNHRESVIER IR
ApEEEN T A X

B E, R, XIEEME, SOmER, HEkEE
(PHIE Tk R2#sh h 588 R A6, i, 710129)

FE. ATHR LA TR AR L Bk EAT R EEARBIRD M0, ARotor37
AR ZRET — A HTRBIUARAT R, ARAEAT IR SN EME AT R M=
BN ER  REEATESZAXNRELSAX P L EALD AT EEWRR T, AHMMEFT ERBER
HER & B89 A = % Reynolds-averaged Navier-Stokes F A2 A M EEHF AKX RE R X, H A F4F
KERAZTHOME AL, ZREFHBEAMGIATERRANESS A, L FHKEFRZH 0, 125
E4 1% 6% 3, # A Spearman A8 %t 5 #7 13 ﬁljﬂj“ﬁ/;)uﬁlééﬂéégﬁ@ik@/flﬁ»«u%%ﬂﬂ)‘i$ 5
70%~100% 7t &L B W e A AR £ R AB KR SR e Tab A E4E S KRG A DAL, B AT
Yot FE LT RG9S LA B AR SE AR e A W R AR AR AL iR £ 5 iﬁ%éﬁ%“ﬁ#}bﬂl,m
EE L P AL SV H/ﬁ/}ihﬁﬂéﬁum%]&%’& 3% B 2 iﬂff?fﬁikékx. RSOk AL E L R R SR
o A AL TRAF R I Hra T e BERE , RASHEF AR, BT, 2 A4
AR £ 5 et R mu%é’}g”“ﬁ LREL %ﬂ,,ﬁﬁéfﬁ'}iuﬁ'“PF#E’Q#%‘/»&ZJ#%MJE%?%/%

K. B HpREAMNT R BIERAREZ; TR S ERAXNRL S A RA LT EA
FESHES. V231.3 XHFRE: A

DOI. 10.7652/xjtuxb202503011 X EHS . 0253-987X(2025)03-0110-14

Uncertainty Quantification Method on the Influence of Global Blade
Twist Angle Errors on Axial Compressor Performance
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(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: To investigate the impact of global twist angle errors on performance parameters and
flow field structure of transonic axial compressor blades, an uncertainty quantification process
and method are being proposed for studying Rotor37. A three-dimensional reduced-order model of
geometric uncertainty is being constructed based on the principal component analysis method. By
selecting three-dimensional normal distribution variables in a non-intrusive chaotic polynomial,
numerical methods are used to solve the full three-dimensional Reynolds-averaged Navier-Stokes
equations at required sample points to construct a non-intrusive chaotic polynomial for evaluating
performance responses with a large sample size. The findings reveal that the statistical results of
performance parameters show a normal distribution with an unaffected mean level but with around 1%

fluctuation. Through Spearman correlation analysis, critical spanwise section positions influencing the
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flow field are identified, indicating the strongest negative correlation between efficiency and twist

angle errors in the 70% to 100% blade height range. This emphasizes the need to improve

machining accuracy in this region. Analysis of flow field fluctuations under statistical significance

and flow field characteristics of blades with extreme efficiency reveals the mechanism of twist

angle errors on performance. The results show that the most severe flow field fluctuations occur

at the tip clearance leakage flow and shock wave positions, where twist angle errors affect both

positions and the intensity of their mutual interference, thus influencing downstream blockage

and ultimately affecting efficiency. It is evident that the influence of global twist angle errors on

blade performance and flow field cannot be ignored, and should be carefully considered in robust

design based on flow field characteristics.

Keywords: transonic compressor blade; twist angle error; principal component analysis, non-intrusive

polynomial chaos; uncertainty quantification
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Fig. 1 Schematic diagram of blade twist angle error
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Table 1 Design parameters of Rotor37
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Fig. 2 Schematic of computational domain and grid
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Table 2 Normalized calculation results of total pressure ratio

and isentropic efficiency at near stall point and peak

efficiency point under different grid numbers
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