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Abstract: A stiffener layout design method for serpentine nozzles based on thermo-elastic coupling
multi-material topology optimization was presented. The virtual material concept was introduced, and
multi-material length scale control was utilized to achieve the collaborative optimization design of free and
directional ring stiffeners on arbitrary curved surfaces. Within the framework of the thermo-elastic

coupling multi-material topology optimization three-field method, a circumferential variable linking model
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for a single material was established using local search to achieve a regular directional ring stiffener

morphology. Furthermore, a global control method for the maximum solid length scale of both free and

directional ring stiffeners, and a control method for the spacing of the directional ring stiffeners were

constructed. The minimization of non-design domain skin compliance was employed as the optimization

objective to meet the inner surface shape control requirements. The proposed method was used to complete

the collaborative optimization design of free and directional ring stiffener layouts in serpentine nozzles.

Various serpentine nozzle designs were obtained by controlling the ring stiffener spacing. The

reconstructed designs from the optimized configurations achieved a maximum deformation reduction of up

to 17.1% compared with conventional, regularly stiffened designs under the same structural mass.

Keywords: serpentine nozzles; topology optimization; thermo-elastic coupling;

multiple materials; length scale control
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Fig. 1 Conventional stiffener layout design for serpentine nozzle
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Fig. 3 Methodology of the paper
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