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Three-dimensional numerical simulation of oscillatory flow in a thermoacoustic engine channel
with a suddenly expanded and contracted part
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In the development of a thermoacoustic engine, the cross section of engine core part is often expanded. The purpose of

this expansion is to enhance the acoustic impedance at the core and to increase the efficiency of the engine. However,

such a shape also causes the energy loss of the engine and results in the reduction of the performance. In this study, in

order to investigate the effect of sudden cross-section change of the engine core on acoustic properties,

three-dimensional flow simulation is performed. The simulation is based on full Navier-Stokes equations. The results

are compared with the PIV experimental data and the linear thermoacoustic theory, and not only acoustic properties

both also energy dissipations within the engine core are estimated. Finally, from the three-dimensional steady flow in

the engine channel, the effect on the heat transfer is also discussed.
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Fig. 1 Computational domain and dimensions

Table 1 Boundary condition at the right open end

Phase .
. . Displacement
Pressure Velocity difference .
. . Frequency amplitude
Case | amplitude | amplitude between P o) peak)
(Pa) (m/s) andu
(mm)
(degree)

1 1380 33514 0 30 35.56
I 50 0.1214 0 30 1.288

Fig. 2 Mesh configuration near engine core part
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Fig. 3 Instantaneous velocity vector field on the center section of the
engine core channels
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Fig. 4 Time history of flow velocity at the center position of each engine
core channel
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Fig. 7 Normalized acoustic impedance along the axis
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Fig. 8 Normalized acoustic power along the axis
The power is normalized by the value at left edge of expanded part.
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Fig. 10 Time-averaged velocity vector field on (a) the vertical section

along the axis and (b) the horizontal section of channel 01.
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