FBXXE FHXXM [ B == Vol. XX No. XX
XXXX A4 XX H JOURNAL OF XI’ AN JIAOTONG UNIVERSITY XXXXXX

Bi& N R AR TSPV RE A E
HEEXSERIES TR

?65‘247?7}%"‘ HARE k¥E FEN FZE
VU228 KRR 5 3 TRE2ERE , 710049, i)

WE: WHREIUTEMN R L 5B TNENF ZRIFARE, SRR et TR A
89 %ok, RJET —HF Sobol HL R M AEH A & R A B AKX R Tk, WK HIRIE T EATE
WL KT TAHZRY RS, RETHETHEZURE, FRTIUMhRE (CTTRIER, LK
L) Fe T (RR# D EE, BB, AEAIRRIL) 3 GE-E iR ah ot A #7 v 4%
AR TR A T A A SRS 27 2 F 0 R R M A AT R, ARBA T HofiRsh et TR MM
RO RBARK, AREREY: ESZRIATHMAERT, »THEREEFRTHLERKR
BT 110% % HE G BEE D A 4 40.48% F2 17.28%, A PEAEL S M4 £ oF IR U A E
& T 90% P& LAY BEFALH 12.74%, A2t pt S E R, ~tTRE L5 T LSRRG T H T
P, MR EALEMKAROEKE T E LA EI% AL st T 4ERA AL, T TR E R
RAREFHAEF, 7 £ bik5243%; AL ELALEGOERALRT LS, 7 £ 5y
) H 24.91% 42 12.52%, %A 5T A imse et T MM AL & RS A,

KB BARR; WAERAT; Al AEAFRE; BENKME; FHEMEN; SR
AT

HESES: V232.4 XEERERG: AA

XEHS: 0253—987X(XXXX)XX—0001—22

Uncertainty Quantification and Sensitivity Analysis on
Aerodynamic Performance of Turbine Blade Tip Using
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(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049,
China)

Abstract: In order to accurately quantify the impact of multi-source uncertainties such as geometric
structural deviations and operating conditions fluctuations on the aerothermal performance of gas
turbine blade tips, an adaptive sampling polynomial chaos expansion method based on Sobol sensitivity
indices is developed. Verified by test functions, the method effectively reduces the number of
computational samples under comparable accuracy, thus improving the efficiency of uncertainty

quantification. Focused on the GE-E® turbine blade film cooling squealer tip, uncertainty quantification
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and sensitivity analysis are performed to investigate the effects of geometric deviations (tip clearance,
film cooling hole diameter) and operating condition fluctuations (mainstream inlet total pressure, total
temperature, film cooling blowing ratio) on aerodynamic performance and film cooling effectiveness of
the blade tip. The key parameters governing the aerothermal performance of the turbine blade tip are
identified. The results show that, under the multi-source uncertain inputs, the probabilities of tip
clearance leakage mass flow rate and downstream total pressure loss coefficient over 110% of their
design values are 40.48% and 17.28% respectively, indicating poor robustness of aerodynamic
performance. The probability of film cooling effectiveness at the tip below 90% of its design value is
only 12.74%, demonstrating strong robustness of cooling performance. Tip clearance dominates the
uncertainty in aerodynamic performance, with its total effect variance proportion exceeding 90% for
both leakage mass flow rate and total pressure loss coefficient. For heat transfer and cooling
performance, tip clearance remains the dominant factor, with a variance proportion of 52.43%. The
effects of the film cooling hole diameter and mainstream total pressure are also non-negligible,
accounting for 24.91% and 12.52% of the variance proportion, respectively. This research can provide a
reference for the robustness optimization of turbine blade tip aerothermal performance.

Keywords: gas turbine; squealer tip; aerodynamic performance; film cooling effectiveness; adaptive
sampling; uncertainty quantification; sensitivity analysis
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