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Abstract: In order to improve the overall performance of turbofan engines with straight two—dimensional
nozzle at design stage, optimization design of turbofan engine parameters based on straight two—dimensional noz-
zle profile dimensions was carried out. Firstly, a turbofan engine model with straight two—dimensional nozzle was
established, and the infrared radiation characteristic of the forward backward exhaust system of the engine was
calculated. The influence of the dimension sizes of the straight two—dimensional nozzle on the engine performance
parameters was analyzed. Secondly, a multi—objective optimization method of design parameters based on sequen-
tial quadratic programming algorithm was proposed. The optimized objectives include high specific thrust, low fu-
el consumption and low infrared radiation. Finally, based on the above model, the sequential quadratic program-
ming algorithm was used to carry out the multi—objective optimization of the design parameters of turbofan engine

without afterburning at design point. The simulation results show that, compared with the turbofan engine without
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straight two—dimensional nozzle, the turbofan engine with straight two—dimensional nozzle has better infrared per-

formance at design point, and the turbofan engine with straight two—dimensional nozzle has better performance

parameters after optimization by the algorithm.

Key words: Turbofan engine; Design parameters; Straight two—dimensional nozzle; Sequential quadrat-

ic programming; Multi—objective optimization
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Fig.1 Axisymmetric turbofan engine model
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Fig. 3 Turbofan engine model with straight two-

dimensional nozzle
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Table 1 Linear interpolation of y,

i R, Xr.i Ly

0 3.49 1.0801 -0.0368
1 4.34 1.0488 -0.0336
2 5.00 1.0266 -0.0830
3 5.32 1.0000 -0.0578
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Engine parameter Fiducial value

Ma, 1.45
h/m 10972.8
T 3.8
T, 20
a 0.4
T.,/K 1777.8
&, 0
&, 0
F_/(N-s/kg) 705.95
S/(kg/(N+h)) 0.1122
IR/ (W/sr) 8889.19

Table 5 Range of straight two-dimensional nozzle sizes
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Fig. 8 Relationship between dimension sizes and

performance parameters without afterburning
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Table 6 Range of turbofan engine design parameters

Engine parameter Maximum Minimum
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Fig. 9 Performance parameters of straight two-dimensional nozzle iteration diagram
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Table 8 Optimization result of turbofan engine with

straight two-dimensional nozzle

Engine parameter Final value

7 4.38
7, 30.00
a 0.30
T,/K 1761.0
e 0.165
P 0.000
R 6.00
/(%) 25.02
BIC*) 9.89
F_./(N-s/kg) 600.23
S/(kg/(N+h)) 0.1054
IR/(W/sr) 3845.28
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Table 9 Optimization result under different weights

Engine parameter No.2 No.3
7, 4.58 3.00
7, 30.00 30.00
@ 0.30 0.30
T,/K 1777.8 1564.3
£, 0.000 0.200
£, 0.000 0.000
R 5.38 6.00
/(%) 25.01 45.00
BICT) 9.98 2.00
F_/(N-s/kg) 707.29 454.67
S/(kg/(N-h)) 0.1096 0.1007
IR/ (W /sr) 6261.34 1712.67
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Fig. 10 Off-design point performance comparison diagram
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