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The development of high-performance thermoacoustic systems requires efficient heat transfer 

between the stack or the regenerator and the heat-exchangers. So far, the coupling between 

these elements has been addressed using theoretical models and numerical simulations1. These 

analyses demonstrate that, at the high acoustic levels found in realistic thermoacoustic 

systems, acoustic velocities and instantaneous temperatures exhibit nonlinear interactions. 

However, there is a lack of controlled experimental data to validate these results. In this paper 

we consider a standing-wave thermoacoustic refrigerator. It consists of a stack of plates placed 

in an acoustic resonator. Two heat exchangers are located at each stack extremity. The 

thermoacoustic effect takes place in the thermal and viscous boundary layers along each plate 

of the stack. It results in a heat transport along the plates and in a temperature difference 

between the two stack ends. The full understanding of the heat transfer between the stack and 

the heat exchangers is a key issue to improve the global efficiency of these devices.  

 

The aim of this analysis is to investigate the vortex structures, which appear at the ends of the 

stack and modify the heat transfer. Here, the aerodynamic in the gap stack-exchanger is 

characterized using a time-resolved particle image velocimetry technique2 (TR-PIV). 

Measurements are performed in a device operating at a frequency of 200 Hz. Instantaneous 

velocity fields are recorded at a frequency of 3125 Hz (ie 15 maps per acoustic period). 

Measurements show that vortex shedding occur at high pressure levels, when a nonlinear 

acoustic regime prevails, leading to an additional heating generated by viscous dissipation in 

the gap and a loss of efficiency.  

 

In order to analyze the structure of the instantaneous temperature field we have developed a 

new thermal anemometry technique using a constant-voltage anemometer (CVA) 

prototype3,4,5. This technique is well adapted to unsteady and oscillating flows as the thermal 

lag of the sensors is corrected instantaneously. It is based on an additional measurement of the 

flow velocity and its influence on the heat transfer balance of the sensor. Using specifically 

designed probes with very fine wires, high frequency signals can be recorded and analysed. 

In a first part we present a validation of this new procedure using a standing-wave acoustic 

tube for which the fluctuating temperature field is well known even for high acoustic pressure 

levels. In a second part, measurements are performed behind the stack of a standing-wave 

thermoacoustic refrigerator. They confirm the existence of temperature harmonics near the 

stack edge, which should not be overlooked when designing the stack and the heat exchangers. 
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In summary, the TR-PIV gives access to the real time evolution of the flow rather than to rely 

on phase-averaging and it allows measurements even when the flow loses its periodicity at 

high drive ratio. The development of a new procedure for the measurement of temperature 

fluctuations which relies on the unique features of the CVA, allows measurement of 

temperature fluctuations in oscillating flows. With these two experimental techniques, it is 

now possible to have an estimation of the nonlinearities which occur in efficient 

thermoacoustic systems. 
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