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Flow field reconstruction method and application for turbine blade
cascade based on experimental data assimilation
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Aero Engine Corporation of China, Zhuzhou Hunan 412002, China)

Abstract: To improve the efficiency of linear cascade row experiment, this study employs the
principles of ensemble Kalman filtering. A Latin hypercube sampling method is used to generate a set
matrix of SST turbulence model parameters, computational data, and experimental data. The KNN
algorithm is applied to align the resolution errors between different datasets. A data assimilation program
suitable for linear cascade rows is developed. The program is used for data assimilation analysis of the
flow field under various operating conditions of a linear cascade row with a wide range of attack angles.
Experimental data from three strategies are incorporated to re-calibrate the coefficients of the SST
turbulence model. The assimilation results show a high degree of agreement with the experimental data.
The findings indicate that, under different operating conditions, all three assimilation strategies reduce the
relative error between numerical calculations and experimental data by more than 64.7%. Therefore,
assimilated data can be appropriately trusted in experiments to adjust experimental plans, which helps
improve experimental efficiency and reduce costs.
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Fig. 1 Schematic of the data assimilation algorithm
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Table 4 Fitted parameters and their variation rates for different operating conditions under high-density assimilation strategy
S5 T4 1 T4 2 TH3 T4 4 TS5 T 6 BOAME
B* 0.100 731 0.109 72 0.124 93 0.12156 0.136 32 0.167 592 0.0
B AEALE % 11.923 21.914 38.813 35.066 51.466 86.213 ’
@ 0.335735 0.359 95 0.38224 0.421 06 0.452 807 0.500319
0.31
LR % 8.302 16.114 23.305 35.826 46.067 61.393
@y 0.709 245 0.750 24 0.889 99 0.858 29 1.038 703 1.159 642
0.55317
@0 TR % 28.215 35.626 60.891 55.159 87.774 109.637
Bo 0.084 066 0.060 14 0.04511 0.051 605 0.034 543 0.053 899
0.075
BoEAEE Y% 12.088 -19.807 -39.852 -31.193 ~53.943 -28.135
g 0.527 756 0.599 99 0.700 19 0.796 681 0.991 422 0.960 342
. 0.440 36
@ ER % 19.848 36.252 59.007 80.918 125.142 118.084
B 0.104 842 0.070 16 0.092 25 0.052 325 0.071 246 0.11187 00828
BeARALIR/% 26.620 -15.261 11.421 —36.806 -13.955 35.108 ’
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Fig. 7 Parameter variation rates for different assimilation

strategies under different operating conditions
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