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Numerical modeling and design of the acoustic
expander for cryogenic refrigeration
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Cryogenic refrigerators can be broadly classified as either continuous flow machines or oscillating flow ma-
chines. The acoustic expander is a new hybrid approach that combines the best aspects of these two machines.
Globally, the working fluid moves continuously through the recuperative heat exchanger of the cycle while
locally the working fluid oscillates in the acoustic expander. This promising concept has been demonstrated
experimentally through the use of reed-valves coupled to an acoustic resonator. This work develops a high-
fidelity numerical model that captures non-linear acoustic effects for the future design and optimization of
these acoustic expanders. The numerical model solves the fully compressible Navier-stokes equations for var-
ious 2D and 3D resonator geometries including both harmonic quarter wave resonators and non-harmonic
Helmholtz resonators. The reed valve behavior is simplified using pressure-dependent boundary conditions
that can be tuned to represent a variety of reed characteristics. The coupled reed-resonator system sponta-
neously oscillates at its natural resonance frequency and the numerical model predicts the resonator quality
factor and isentropic expansion efficiency. We compare the results of the 2D/3D numerical model to a 1D
model implemented in DeltaEC. Finally, the numerical model predictions are validated by experimental data.
The acoustic expander unlocks new cryogenic cooling paradigms with applications to superconducting mag-
nets and electronics, infrared imaging, quantum sensing, and cryogenic propellant management.
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