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Abstract: The mode selector valve and the forward bypass ejector are the key geometric components of the
variable cycle engine, which are used to improve the engine’ s component matching performance in the steady—
state and the mode transitioning process. Research is carried out on the influence of the two openings on the total
pressure loss of the bypass flow mixing. A two—dimensional numerical simulation method was used, and the flow
field of the internal compression system was simulated and analyzed. The change rule of the total pressure recov-
ery ratio of flow mixing under different openings of the mode selector valve and the forward bypass ejector was ob-
tained. Numerical simulation results were used as the data set for modeling research. A hybrid kernel extreme
learning machine algorithm based on Bayesian optimization was proposed, and the total pressure recovery ratio
mapping model was established. The leave—one—out cross—validation method was used to evaluate the model. The
root mean square error of the kernel extreme learning machine algorithm proposed in this paper is 0.0094, and
the generalization effect is improved by more than 70.6% compared with the multiple linear regression model. The
relative error predicted by the fitting model is no more than 1.57%.
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Fig.1 Structure diagram of adaptive cycle engine
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|2-D numerical calculation ‘
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Fig.2 Calculation process of modeling
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Fig.3 Structure diagram of ACE internal compression

system
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Table 1 Design point parameters of ACE

Parameter Value
Altitude/km 0
Mach number 0
Working mode M2
HPT total temperature/K 1863.25
Total pressure ratio 29.4
Total bypass ratio 0.7
Thrust/kN 96.71
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Mathematical simulation of the whole
engine to obtain design point parameters

'

Give pressure inlet and outlet
boundary conditions
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Calculate the flow field and get the
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mass-flow-inlet condition

!

Calculate the flow field =

Change the CDFS outlet
section mass-flow

Mass flow rate
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No

Fig. 6 Numerical calculation flow diagram of the simplified

model
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Fig.7 Mach number contour of internal compression

system at design point
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Table 3 Regression prediction cross-validation results of

each algorithm

Algorithm RMSE
Multiple linear regression 0.0319640
ELM 0.0271103
KELM(RBF kernel) 0.0292921
BO-KELM 0.0094035

Table 4 BO-KELM hyperparameter setting

Parameter Value
Hidden layer nodes [ 4
Hybrid kernel weight A 091
Regularization coefficient C 41292.06
RBF kernel y 46095.48
a 25965.71
Poly kernel ¢ 108.45
d 4
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Data point

(b) Relative error of each prediction point
Fig. 9 Comparison between CFD numerical calculation

and prediction calculation results
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Fig. 10 Calculation results of the total pressure recovery

ratio of flow mixing at different MSV and FVABI openings
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