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Characteristics of Two-Dimensional Exhaust System of Turbofan Engine
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Abstract: Taking two-dimensional (2D) exhaust system of turbofan engine as an example, the multi-
objective contour optimization design of thrust and infrared characteristics of exhaust system was studied when
the engine 1s in military power on the ground. The optimization objectives were thrust coefficient and infrared
radiation (IR) characteristics at 3—5 pm in the positive tail direction of exhaust system. The constraint
conditions were the IR characteristics of the narrow side detection plane at 30° and the wide side detection
plane at 90°. The optimization variables were throat aspect ratio, throat radius ratio, convergence half angle
and divergent half angle. In the design process, the initial sample points were determined by orthogonal
experimental method. The RBF surrogate models of thrust coefficient and IR characteristics of exhaust
system were established. The analysis and optimization was conducted with the adaptive simulated annealing
algorithm. The results show that the multi-objective optimization method can be applied to the compatible
design of thrust and infrared characteristics of exhaust system with good effects. The thrust coefficient of
multi-objective optimized exhaust system is increased by 5.3% compared with the baseline 2D model. The
dimensionless integral radiation intensity in the positive tail direction is reduced by 17 %.
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Table 1 Factors and levels of multi-objective optimiza-

tion
Level Factor
A R,/R; a/(°) B/(C°)
1 4.24 0 38.42 3.24
2 3.49 0.2 45 9
3 5 0.1 25 15
4 6 0.3 15 2
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Table 2 Initial sample points and numerical results of thrust coefficient and IR characteristics

Case Factor Thrust coefficient 7DimensionlessiIR characteris}ics
A RJR, /() B/ C . I I
case-1 4.24 0 38.42 3.24 0.926 80 0.821 14 0.214 59 0.114 57
case-2 4.24 0.2 45 9 0.959 30 0.750 57 0.246 79 0.104 26
case-3 4.24 0.1 25 15 0.938 75 0.752 56 0.23553 0.091 31
case4 4.24 0.3 15 2 0.974 75 0.739 69 0.176 70 0.112 97
case-5 3.49 0 45 15 0.902 23 0.815 40 0.245 27 0.092 27
case=6 3.49 0.2 38.42 0.958 08 0.723 73 0.210 31 0.113 93
case-7 3.49 0.1 15 3.24 0.970 68 0.806 35 0.171 45 0.111 79
case=8 3.49 0.3 25 0.970 76 0.815 81 0.226 88 0.098 49
case™9 5 0 25 0.950 72 0.678 68 0.198 29 0.118 35
case-10 5 0.2 15 15 0.958 31 0.738 39 0.226 78 0.093 23
case-11 5 0.1 38.42 9 0.943 81 0.742 94 0.244 17 0.106 77
case-12 5 0.3 45 3.24 0.972 25 0.686 70 0.229 69 0.118 57
case-13 6 0 15 9 0.966 83 0.681 28 0.213 88 0.112 90
case-14 6 0.2 25 3.24 0.969 33 0.689 30 0.201 82 0.122 03
case-15 6 0.1 45 2 0.941 56 0.706 34 0.23143 0.119 29
case-16 6 0.3 38.42 15 0.957 79 0.584 08 0.280 28 0.101 92

HES R Ge 9t 1 2 BRI 21 A0 46 I Rk 5 1
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HME H 3 5 A 00 i 5 XF T ) & 8L, Kriging 18 Al
RBF B AU (0K B2, BLOG A 45 AR 3T 5 XF T 2041 4
SHRFAE , Kriging #58 HUAR ME & B % AL A, RBF B AU AG
FER  HRB TR BN B A0 A . X, A SO % RBF £
AU & HE ) R B 2L A R SRR AR 5 iR AR &AL
R./Rg.a il g ACHRALAL
4.2 ERAXRAHWRBFERBESHN

N T U/ L LA G T, I OR
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BN FEAS frh ARAT T A E A SR R Y
FERBEAY . BIAE 16 W) IR R A 5 2 41, 38 3 78 n
FEAR 15 case-17 .case-18 il case-19 ¥y 1 5 3] C i &
K HIBY RBE LAY 58 o %8 i FE A 5 case-20 . case-
21 case-22 il case-23 ¥4 & 15 5 1, fc 4 % HI
RBF B8, BEAS 4 case-17 . case-18 fil case-19 3k
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FH RS BERS 3 09 1045860 a0 2 5 iz, 43 J3lic
M case-24 .case-25, +++,case-33, C; yn I'H:O(Nm e ifE
77 Z BRI IE F2 ) TG ik 44 B A e 5 a0 B0 R

£33 WIBEKRE case-17.case-18 # case-19

Table 3 Sample points of case-17, case-18 and case-19

) Factor Thr.utst
Case coefficient
A RJ/R; /(") /() C,
case-17 6 0.3 15 3.57 0.977 69
case-18 6 0.3 15 2 0.975 16
case-19 6 0.25 15 5.64 0.976 95

K4 VWA &S case-20.case-21.case-22 Fl case-23

Table 4 Sample points of case-20, case-21, case-22 and

case-23
Dimensionless IR
Case Factor characteristics
A RJRy a/C) B/(C) I,y
case-20 6 0.3 38.9° 15° 0.594 42
case-21 6 0.3 45° 15° 0.586 04
case-22 6 0.3 41.76° 15° 0.693 18
case-23 6 0.3 37.77 15° 0.672 11

CI.RHF *n }(}:0",1{1;[: IEIL_‘ RBF *ﬁ )j! E]/‘J ﬁ?ﬂw {E ) % S( 5(,} -
Cf. RBF ~ Cf,s!m 5 ]J_I\IJ Tﬁjj /‘zf; 7;‘& E,‘] ﬂj ji*ﬁl;&% RMSE ﬂ:‘ﬂ
e RAHR R 22 0 B R IX N

1 n
RMSE= |— 2
" ZQ .

Bun=max(lec | /Cruns) i=1,2,,n(12)

2P g BAIE B R A A B, AR S =10, T, 19
977 % 22 RMSE Flf5 KA X 3R 2 0., 1 8 X
FL o

% 5 BdE i 4SE], CAY RBF BRI RMSE=
0.003 67, 0,u=0.9%31, . 4 RBF # % RMSE=
0.022 64.8,,,=5.8%.

(11)
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Table 5 Accuracy of RBF surrogate model of C,and I,_,

Case Factor Thrust coefficient 7Dimension1§ss IR characteristics
A RJR, a/() B/() Cran Corur e, [ . 0
case24 6 0.3 45 3.24 0.972 68 0.973 16 0.000 48 0.682 46 0.644 78 —0.037 68
case 25 5 0 15 8.58 0.968 17 0.965 20 —0.002 97 0.730 19 0.713 08 —0.017 11
case-26 6 0.19 15 3.57 0.974 15 0.975 38 0.001 23 0.687 73 0.695 98 0.008 25
case-27 6 0.17 15 2 0.971 97 0.974 28 0.002 31 0.690 34 0.695 16 0.004 82
case-28 3.49 0.3 15 15 0.960 64 0.963 49 0.002 85 0.819 08 0.808 27 —0.010 81
case~29 3.49 45 2 0.914 49 0.916 20 0.001 71 0.834 79 0.827 82 —0.006 97
case-30 6 45 2 0.913 31 0.921 84 0.008 53 0.690 08 0.689 62 —0.000 46
case-31 5 0.3 15 2 0.975 56 0.974 86 —0.000 7 0.677 03 0.716 26 0.039 23
case-32 3.49 15 15 0.949 21 0.943 79 —0.005 42 0.813 97 0.804 44 —0.009 53
case-33 5 15 9 0.966 76 0.964 47 —0.002 29 0.675 46 0.714 53 0.039 07
5 SERRUERRST - a4
i case-35
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