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Structural optimization design for variable

nozzle flap of airbreathing engines
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Abstract ; The structure optimization for divergent flap on variable nozzle of airbreathing engine was
studied. According to the conventional stiffener layout of adjusting flap, the parametric model was estab-
lished. In this model,shell element and beam element were used instead of thin-walled structure and stiff-
ener. Through the multi-objective optimization of this model, the structure scheme of conventional layout
was obtained. Topology optimization for divergent flap was carried out. The feasible structure was obtained
by re-modeling. By comparing the structures obtained by the above two methods,the weight is reduced by
14. 8% ,the maximum deformation is reduced by 38% ,and the maximum structural stress is equivalent,
but the structure stress distribution is more uniform in the topology optimization scheme. The structure
scheme by topology optimization has the advantages of high material utilization,light weight and good per-
formance. For the optimal design of thin-walled stiffened structure of variable nozzle flap ,the topology op-
timization has a good prospect in engineering application.
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Fig.1 Nozzle structure diagram
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Fig.2 Loads of divergent flap
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Fig. 3 Pressure distribution on adjusting flap
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Fig. 4 Temperature field distribution on adjusting flap
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Tab.1 Material property parameters

SRR i/ GPa KA RE/C

HEE /A2

20 C 850 °C 950 C 850 C 950 C

200 143.5 133.2 0.305 1.578 x 107 1.612 x 107°
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Fig. 5 Parametric finite element models
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Fig. 6 Sensitivity of design input parameters

to output parameters
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Tab.2 Calculation results of orthogonal grid layout
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Tab.3 Calculation results of skew grid layout

Ziy Z Zoy Zoy !
3.92 5.0 4.46 4.40 0.98
Hyy Hyy Hyy Hyy -
2.13 4.82 4.62 4.10
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Fig.7 Topological optimization model

AREHIR T Z2 B0 HE0E R s T2
il S D B ) T T LA s ] T AR S
DUACSK Afp iR ] DL M & T 2 AR
3.2 ipiMALITEEE

AR TR R §E T 220 A T
ML SR E 8 fs . Tl sk R 2% &
TR ARBhE (T 1) B R B X0 A Y
PRI (T80 2) R i R 5 3 1 04 0 A0 5 2 Aoy
(TAL3)3 FTBL, &8 F AR T 00T AR LAY o



H47 4% H 3

Fidl O S LA I S A 57

WEE R R

() B TM D, =4, D, =12.0 I

8 MIMELIHELER

Fig.8 Topology optimization calculation results
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Fig.9 Structure configuration of adjusting flap
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Fig. 10 Displacement and stress distribution nephogram
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Tab.4 Scheme performance comparison
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