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Abstract: In order to make the Air Turbo Ramjet Expander (ATREX) meets thrust requirements of the air-

craft along the flight path, and at the same time the engine specific impulse is optimal under the corresponding

thrust, an ATREX multi-object optimization model is built based on the diversity improved NSGA 1I algorithm,

the engine specific impulse and thrust are selected as the optimization goal. During the modeling process, first,

the searching function based on linear distance of individual optimized targets is proposed to improve the distribu-

tion of the NSGA 1II optimization results; then, the ATREX performance multi—object optimization model is built

based on the improved NSGA II algorithm, the optimal ATREX thrust and impulse are obtained at sea level static

condition. When the distribution of the optimization results is close, compared to the ATREX multi—object optimi-
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zation model built based on the NSGA 11, the initial population number and the convergence speed of the optimi-

zation model built based on the improved NSGA 1I are reduced by about 30%.

Key words: Air Turbo Ramjet Expander; Variable specific heat; Chemical equilibrium method; Multi—

objective genetic algorithm; Off—design condition
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Fig.1 ATREX cycle schematic diagram
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Table 1 Components on design performance

Parameters Value

Precooler heat exchange effectiveness '] 0.85
Compressor pressure ratio 4

Compressor isentropic efficiency 0.86

Turbine inlet temperature/K 1200

Turbine expansion ratio 3.69

Turbine isentropic efficiency 0.80

Combustion chamber outlet temperature/K 2300
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Fig.2 Shortage in NSGA II crowding distance function
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Fig. 3 Screening method based on individual line distance
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Table 2 Test function

Test problems

Objective functions

Constraints/features

fi(X)) =X,
N =30; 0<X;<I
ZDT1 g(Xy o X,)=1+9Y X/(m - 1) " i
i=2 Pareto convex
LHfhg)=1-/filg
Si(X)=X,
" m=30; 0<X <1
ZDT2 g( Xy X,)=1+9Y X/(m=1)
=2 Pareto concave
fHlf,g)=1 _(fl/g)z
fi(X) =X,
ZDT3 (X, X,)=1+9Y X,/(m - 1) m=10; 0<X ;<1
=2 Discontinuity
fH(fhg)=g(l = /filg - (fl/g)sm(lo'“fl)
Ji(X) =X,
" m=10; 0<X.<1; i=1;
JDT4 g( Xy X,) =1+ 10(m = 1)+ 9 Y (X,* = 10cos(4mX,)) S<X<5, i=2,m
i=2
f2 ( j.l .g ) — 1 _ \/J(]Tg Parel() convex
Table 3 Test function optimization results comparison
ZDT1 ZDT2 ZDT3 ZDT4
NSGA I Improved NSGA Il  NSGA II  Improved NSGA Il  NSGA Il Improved NSGA Il  NSGA II  Improved NSGA 11
Max 0.000967 0.000941 0.000547 0.000551 0.000765 0.000812 2.127991 2.508788
GD  Min 0.000677 0.000685 0.000451 0.000462 0.000640 0.000653 0.265927 0.181607
Ave 0.000831 0.000839 0.000495 0.000497 0.000711 0.000722 0.931673 0.933982
Max 0.007169 0.005726 0.008793 0.005299 0.009746 0.009959 0.030953 0.020488
A Min  0.005066 0.003397 0.005472 0.003257 0.006197 0.005081 0.010396 0.006037
Ave 0.006334 0.004241 0.006672 0.004192 0.008028 0.006781 0.015160 0.011226
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Table 4 Range of design variables

nl% r K

Parameters

B! %

[0~100] [60~100] [700~1200]
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Fig. 5 ATREX multi-objective optimization model iterative
method
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Table S ATREX performance optimization results comparison

A ATREX off-design . Convergence time
N . Convergence time .
Max Min Ave model run times comparison/%
80 13.44132 10.61143 12.15067 2360 3 hours and 46 minutes 100
90 13.17900 9.21697 10.92983 2610 4 hours and 10 minutes 110.6
NSGA 11 100 10.98741 8.58106 10.02358 2950 4 hours and 39 minutes 123.5
110 10.43239 8.24140 9.23721 3200 5 hours and 6 minutes 1354
120 9.90870 6.95571 8.40734 3540 5 hours and 42 minutes 151.3
IM NSGAII 80 9.64462 7.45803 8.43715 2360 3 hours and 42 minutes 100
A Study on Air Turbo Ramjet [J]. Acta Astronautica,
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2000, 47(11): 799-808.
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