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Abstract: In order to reduce the dependence of the traditional iterative algorithm on the initial value in
solving the nonlinear model of variable cycle engine, the model solving problem was converted to the optimization
problem of finding the minimum value. Differential evolution algorithm was introduced to solve the model, and an
adaptive differential evolution algorithm was proposed. Using the evolution experience and roulette selection meth-
od, adaptive differential evolution algorithm can adaptively select the differential strategy and algorithm control

parameters that are most suitable for the current population. For the model solving problem of the four typical op-
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erating points of the variable cycle engine, the effects of the control parameters of standard differential evolution
algorithm on its performance were studied. And the optimal combinations of control parameters of standard differ-
ential evolution algorithm in solving the four typical operating points were obtained. The performance difference
between adaptive differential evolution algorithm and standard differential evolution algorithm was compared. Fi-
nally, the effects of population size on the performance of adaptive differential evolution algorithm were studied.
The results show that standard differential evolution algorithm has pretty robustness in solving engine model , and
its optimal control parameters are not completely the same when solving different operating points. Compared with
standard differential evolution algorithm using the best control parameters, adaptive differential evolution algo-
rithm can increase the efficiency by more than 50% without affecting the robustness of the algorithm. Reducing
the population size of adaptive differential evolution algorithm will improve the efficiency while destroying the ro-
bustness of the algorithm.
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Fig. 1 Structure of double bypass variable cycle engine
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Fig. 4 Simulation model of double bypass variable cycle

engine
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Table 1 Iteration variables and error variables at double

bypass mode
Component Number Iteration variable Error variable
Inlet 1 B —
Compressor 3 B Mass flow
Splitter 2 Bypass ratio —
Burner 1 Outlet temperature —
Turbine 2 B Mass flow
Mixer 2 — Static pressure
Nozzle 1 — Mass flow
Shaft 2 Relative speed Power
Total number 14 11 10

Table 2 Iteration variables and error variables at single

bypass mode
Component Number Iteration variable Error variable
Inlet 1 B —
Compressor 3 B Mass flow
Splitter 1 Bypass ratio —
Burner 1 Outlet temperature —
Turbine 2 B Mass flow
Mixer 1 — Static pressure
Nozzle 1 — Mass flow
Shaft 2 Relative speed Power
Total number 12 10 9

Table 3 Boundary of iteration variables

Iteration variable Lower limit Upper limit
B of inlet 0 2
B of compressor and turbine 0 1
Bypass ratio 0 5
Burner outlet temperature/K 300 3000
Relative speed/% 0 110
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Fig. 6 Mean of generation number in 30 runs of SDE for engine model solving
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Table 4 Mean and standard deviation of generation
number in 30 runs of ADE and SDE

Condition ADE mean SDE mean
(Standard deviation) (Standard deviation)

Take off 67.9(5.27) 143.6(5.45)

Subsonic cruise 68.2(6.16) 154.3(5.97)

Mal.5 cruise 61.3(4.22) 132.1(6.19)

Ma2.0 cruise 64.5(8.07) 132.1(6.19)
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