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Optimal Design of the Thermoacoustic Engine
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Abstract

This research is to design a highly efficient standing-wave thermoacoustic engine. The thermoacoustic engine is
functioned as converting the appropriate temperature gradient along the porous media into an acoustic energy within the
solid boundaries in order to beneficially drive the thermoacoustic refrigerator in the future. The mathematical model
which is based on a linear thermoacoustic theory is proposed to investigate the influence of various physical geometries
of each component in the system on the acoustic power produced. Under the operating condition of helium as working
fluid at pressure of 40 bar and frequency of 400 Hz, the parallel-plate stack is designed as porous media, and the heating
power of 750 W is fed to the heat exchanger with a constant temperature of 800 K. The optimally designed engine can
produce the acoustic power up to 146 W with the pressure amplitude of 310 kPa which is equivalent to the drive ratio

of approximately 7.8%, and the efficiency of energy conversion provided is as high as 19%.

Keywords: Oscillating flow, Standing-wave, Engine, Thermoacoustic, Acoustic
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Length of heat exchanger (mm)
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Component Parameter (unit) Range Optimised value
BS Length (mm) 10-150 14.2
HHX Length (mm) 1-10 2.49
Stack Plate thickness (mm) 0.2-1 0.2

Plate spacing (mm) 0.1-2 0.225

Length (mm) 10-200 66.67
AHX Length (mm) 1-50 8.74

Radius (mm) 1-9 4.27
Engine Total length (mm) - 1,350
| Maximum (%) - 18.9
|pl| Amplitude (kPa) - 309.69
E Maximum (W) - 146.33
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