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Fig.3 BO-MTL-LSTM transient tip clearance prediction model
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Fig.4 Typical engine cycle splice
Table 1 Scope of the study parameter
Parameter Value Parameter Value Parameter Value
Re | 0~26 000 Re,, 0~26 000 Re,, 0~26 000
T,.,/K 400~700 T, /K 400~700 T.5/K 400~700
Re, 0~26 000 Re 0~26 000 Re 0~26 000
T, /K 330~650 T.s/K 330~650 T /K 330~650
m,/(kges™) 0.1~0.7 m,/(kges™) 0.01~0.425 Re, 8 000~110 000
T, /K 400~800 T,,/K 400~750 T, /K 700~1 350
Re, 9 000~100 000 Re, 9 000~90 000 Re, 10 000~85 000
T,,/K 700~1 300 T,./K 650~1 200 T,,/K 650~1 100
N/(x/min) 500~5 500
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Table 2 Optimised hyperparameter

Hyperparameter BO-MTL-LSTM BO-LSTM
Hidden layer 512 128
Learning rate 2.563 3x107* 6.249 3x107*

Batch size 16 32
Weight decay 1.230 8x10°° 3.374 9x107°
Learning rate decay factor 0.609 2 0.4423
Step size 10 2
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Fig. 9 Tip clearance prediction results
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Prediction of multi-stage turbine transient tip clearance
based on long short-term memory neural network

YANG Chao, MAO Junkui, YANG Yue, WANG Feilong, SHAO Faning, BI Shuai

(College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics,

Nanjing 210016, China)

Abstract: To address the challenges posed by multi-stage turbines toward efficient and high—precision
transient tip clearance prediction under complex spatial coupling effects of high—dimensional variables , this paper
builds a multi-stage turbine transient tip clearance prediction model based on Bayesian optimization and multi—
task learning algorithm with long short—term memory neural network (BO-MTL-LSTM) , aiming to achieve effi-
cient and high—precision prediction of transient tip clearance. In the BO-MTL-LSTM model, the efficient long
short—term memory (LSTM) neural network learns high—precision transient tip clearance chronological informa-
tion obtained from the finite element analysis based method. Additionally, multi—task learning(MTL) is incorpo-
rated based on the LSTM model to share information among multiple tip clearance prediction tasks, alleviating
the complex spatial coupling effects of high—dimensional variables. Simultaneously, the Bayesian optimization
(BO) algorithm is applied to automatically optimize the hyperparameters of the neural network model globally,
enhancing prediction accuracy and training efficiency. The results demonstrate that compared to the conventional
computational model, the BO-MTL~LSTM model efficiently predicts multi-stage turbine transient tip clearance
for a complete engine history within a second—scale time frame while maintaining the same prediction accuracy.
Furthermore, in comparison to BO—LSTM model, the BO-MTL-LSTM model achieves an 84.39% reduction in
root—mean—square error and an 89.21% reduction in average absolute error. The model training time is also short-
ened by 30%, enabling efficient and accurate prediction of multi-stage tip clearance.

Key words: Multi-stage turbine; Tip clearance prediction; Multi-task learning; Long short—term memo-

ry neural network; Bayesian optimization
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