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Hole Defects on Cooling Performance
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Abstract: To address the difficulty in quantitatively evaluating the actual cooling performance of
high-pressure turbine full-coverage film-cooling vanes caused by geometric deviations (i. e., film
hole geometric imperfections) during film hole processing, a triple uncertainty quantification strategy,
integrating overall parameter evaluation, flow parameter dimensionality reduction, and flow partitioning
quantification, was proposed to achieve efficient and accurate assessment. A framework for uncertainty
quantification of cooling performance under film hole geometric imperfections was established,
employing a parameterized conical nozzle film hole imperfection model as the film hole model, the
triple uncertainty quantification strategy as the uncertainty characterization approach, and polynomial
chaos expansion as the quantification algorithm. Taking the endwall of the first-stage inlet guide vane
under near-actual operating conditions as the research subject, the progressive refinement philosophy and

theoretical basis of the proposed uncertainty quantification strategy were elaborated, and the
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differences and applicability were demonstrated through statistical moments of cooling performance. The

results indicate that when the impact of film cooling hole geometric deviations is significant, adopting a

design philosophy of multiple film cooling holes and independent processing to leverage the

dispersion of hole deviations can improve the robustness of cooling performance by more than

30%. Comparative results show that under conditions dominated by coolant jet flow, the

uncertainty prediction deviation of the flow parameter dimensionality reduction strategy is below

3%. The evolution trends of statistical moments demonstrate that under conditions dominated by

secondary flows, flow partitioning quantification based on vortex/secondary flow structures can

achieve reliable uncertainty quantification. The findings validate the accuracy and reliability of the

proposed uncertainty quantification strategy, providing an efficient evaluation tool for developing

highly robust cooling configurations in turbine cascades.

Keywords: film hole geometric imperfections; cooling performance; uncertainty quantification;

flow parameters
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Fig. 1 Computational model and computational mesh of the vane
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Fig. 2 Grid independence verification
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Fig. 3 Film cooling effectiveness distributions gained by

experiment and numerical prediction




124 (LT S T N S S (1 5560 %
o S LS S % o, Kk
- CFDil 5453t
08 iz B W p=a (13)
0.6 : P,
N Ap g oo = E[(Y —w’]= D)  (14)
S e A 217 30% j=1
BRI S, § %2 0 02 04 06 08 10 2.2 AHEUSH
en - spe[16] B 4 v T [ [
T RSO Hao 45150 7 41 1 £ 4 % W I AL
() LA (W RFAE LT KO W3 25 O TR X BOEHT LB IL ] BB B B
iR B

&4 oy BE v L RRAE LR Ve A A0 A
Fig. 4 Film cooling effectiveness distribution along the middle
pitch streamline in cascade gained by experiment and

numerical prediction
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Table 3 Conical nozzle model geometric parameters and

variation ranges
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