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Aerodynamic optimization design of high bypass ratio
separate-flow exhaust system based on parallel
multi-objective genetic algorithm

XIONG Jian, WANG Xinyue, SHI Yong-giang., YAN Zi-guang
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Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Simple genetic algorithm (GA) was improved with fast non-dominated sort
approach, crowded distance estimation and crowded comparison operator. A new algorithm
called parallel multi-objective genetic algorithm (PMGA) was developed using the master-
slave parallel programming model with the support of massage passing interface (MPD. To
establish the aerodynamic optimization design platform for high bypass ratio separate-flow
exhaust system, PMGA was combined with profile parameterization of exhaust system and
Navier-Stokes solver. With this platform, aerodynamic optimization design of the high by-
pass ratio separate-flow exhaust system was performed, and a set of Pareto-optimal solu-
tions which was better than the initial design in three objectives was obtained. Detailed com-
parison and analysis of the Pareto-optimal designs and initial design confirmed the high effi-

ciency and validity of the parallel multi-objective aerodynamic optimization design platform.
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Fig. 1 Optimization result of this paper
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Fig. 2 Master-slave parallel programming model based
on MPI
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Table 1 Comparison of computational time in
different number of processes
/h
1 2.26
2 1. 16 1.95 0.975
4 0.59 3.83 0.957
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Fig. 3 Parameters of exhaust system
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Fig. 4 Cutaway view of initial design for max f1(X) =F
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Table 2 Comparison of optimal variables of initial and optimal designs

ar /() a /() as /() B/ B/ (% 7/ Y./ (" L, /mm Xa/mm

(a) 2.00 7.00 12.00 5.60 15.00 3.00 13.00 252.00 1224.00

(b 1.13 6.62 13.87 5.31 13.01 3.04 13.20 256. 63 1179.80

() 1.08 6.62 13. 89 5.33 14. 33 3.08 13.94 246. 20 1150. 00

(D 1.13 6.62 13.87 5.31 13.01 3.04 13.20 256. 63 1179.80
3

Table 3 Comparison of aerodynamic performance of initial and optimal designs

- /% /% /N L /%
(a) 0.963200 0.988582 30252.23 2871.54
(b) 0.966915 0. 39 0.993063 0.45 30458.02 0.68 2827. 34 —1.54
(c) 0.965408 0.23 0.995975 0.75 30351.22 0.33 2797.54 —2.58
(d) 0.966915 0. 39 0.993063 0. 45 30458.02 0.68 2827. 34 —1.54
5 1.85

——=—— [an nozzle area of (a)

5 1.80 i— ——— Fan nozzle area of (b)
| ——— Fan nozzle area of (¢)
1.75F
170 F
, LAt 1.65F
— = BRI ok
— EEKERT = F
1.55F
1.50 F
1.45 E—
1.40
5 135 L 1 L L1 1 1 I
Fig. 5 Comparison of initial and optimal designs 02 0 02 04 / 06 08 10 12
x/m
6 7
6 z=1.1m 6

Fig. 6 Area of fan nozzle changes with axial length
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Fig. 7 Area of core nozzle changes with axial length .
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