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Abstract: To elucidate how different stack materials influence the performance of thermoacoustic
engines, a high-accuracy numerical simulation model for thermoacoustic engines utilizing the
discontinuous Galerkin method was developed based on the open-source C+ + library MFEM.
The impacts of four different stack materials on the energy conversion process and efficiency of
thermoacoustic engines were investigated. Energy distribution and particle oscillation characteristics were
analyzed from both FEulerian and lLagrangian perspectives. The results demonstrate that the
highest pressure amplitude was generated by the iron stack, while the lowest was produced by the
copper stack. The temperature gradient distribution was found to be significantly dependent on
material properties: a uniform distribution was observed in the iron stack, a nearly horizontal

profile in the copper stack, and a concentration near the hot-end heat exchanger in the glass and
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Kapton stacks. In the Eulerian framework, the local energy density distribution was found to be

consistent with the temperature gradient patterns. In the Lagrangian framework, the distribution

patterns of particles at different positions working over one cycle were elucidated through

temperature-position and temperature-specific entropy curves of particles. Further calculations

showed that the glass stack yielded the maximum cycle work while the copper stack yielded the

minimum; the copper stack exhibited the highest heat transfer, whereas the iron stack showed

the lowest; and the iron stack attained the highest efficiency (10.11%), while the copper stack

presented the lowest (3.87%). These findings indicate that the variations in temperature

gradient distribution, governed by the physical properties of the stack materials, are a key factor

determining the energy conversion efficiency of thermoacoustic engines.

Keywords: thermoacoustic engine; stack; energy conversion; discontinuous Galerkin method
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Fig. 1 Structural and computational domain schematic of a quarter-wavelength standing-wave thermoacoustic engine
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Table 1 Geometric parameters of the thermoacoustic engine
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MR i S Hcnk 2 s .
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Table 2 Operational parameters of the thermoacoustic engine

LN GEL K H
HAWRIRE T, /K 300

2 [ G R p., /kPa 100

P e EHRLEE T /K 600
Wit A IR To /K 300
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of the thermoacoustic engine
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engines with different stack materials
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