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Abstract: It is essential to study the optimal design of the cooling system for improving the comprehensive
heat transfer performance of the cooling structure. The average temperature, temperature unevenness of the cool-
ing structure and coolant flow pressure loss were chosen as objective functions. First step, the optimized cooling
channel distribution was generated based on the calculus of variations, which can be adjusted adaptively accord-
ing to local boundary conditions. Second step, the fluid-solid coupling heat transfer numerical calculation was
performed to obtain the temperature distribution of the cooling structure, the coolant flow pressure loss and the
coolant outlet temperature, etc. The optimization design of cooling structure which meets the target requirements
can be obtained by multiple iterations. The calculation results show that the optimization of cooling structure
based on the calculus of variations can generate cooling channels according to the local boundary conditions. For
different optimization cases, there are corresponding optimization of cooling channel number and cooling channel

distribution for each case to optimize the objective function. For the optimization case 3, compared with the regu-
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lar cooling channel, the average temperature of the optimized cooling channel decreases from 816K to 807K and

the temperature unevenness decreases from 211K to 172K, with the cost that the pressure loss rises from 8kPa to

17kPa.

Key words: Calculus of variation; Cooling; Optimization; Adaptive; Multi—objective
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Fig.1 Schematic of the combustor heat flux distribution
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Fig. 2 Geometry and heat condition of a single channel
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Fig.3 Schematic diagram of design domain
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Fig. 6 Meshes of cross section
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Fig. 7 Flowchart of the optimization procedure
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Fig. 17 Comparison of flow pressure drop in optimization

channel and regular channel
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