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ABSTRACT: Thermo Acoustic Prime Movers (TAPMs) work on the principle of conversion of heat energy to 
sound energy which is used to drive engine by the variation of pressure created by acoustic power. In order 
to develop a system theoretical knowledge about the dimension of a prime mover, working gas and 
operating temperature are required. This paper presents the studies of influence of working fluid , Geometry 
influence  in Thermoacoustic Prime mover using DeltaEC software. The analysis indicates that the variation 
of resonant frequency, Amplitude of the acoustic wave depends on the properties of working gas(es). 
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Introduction 
  Recent developments in space technology and industries indicate the need of cryocoolers with high 
performance and long term reliability with minimum maintenance schedules. Conventional Cryocoolers 
such as GM, Stirling, etc., do not meet these demands due to the moving components both at ambient and 
cryo temperature that lowers their efficiency. The Pulse Tube Cryocoolers although eliminates moving parts 
at cryogenic temperatures, still there are moving components at ambient temperature.  The TAPMs are a 
solution due to the total absence of moving components. A typical thermoacoustic engine consists of a 
heater, stack (equivalent to the regenerator of a cryocoolers), heat exchangers and resonator. The 
appropriate phase relationship of intrinsic pressure and velocity components lead to the conversion of heat 
energy to acoustic oscillations. 
The TAPM was first used by Swift and Radebaugh in 1990 [1] to drive a Pulse Tube Cryocooler. As on date, 
this field is well developed by several experimental and theoretical studies with the focus of developing 
highly reliable thermoacoustic prime movers.  The development of a TAPM should be guided by numerical 
modeling and this may be carried out by several techniques such as solving energy equations, enthalpy flow 
model, DeltaEc, CFD etc.  However, in this work, we present the Delta EC analysis of single ended and twin 
ended prime mover, where both geometrical and operational parameters have been varied. Also 
experimental studies have been carried out on the standing wave twin TAPM, built in our laboratory. The 
theoretical results predicted by DeltaEC are reasonably in good agreement with experimental studies. 
 

Standing wave prime mover model 
The resonance frequency and efficiency of the thermoacoustic system are greatly affected by the working 
gas parameters. To match the low frequency requirement of the pulse tube cryocooler, it is necessary to 
decrease the resonance frequency of the thermoacoustic prime mover.  

 The resonance frequency of the 1/2 wavelength standing thermoacoustic prime mover can be 
expressed by 

                             2 2
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 Where f is the resonance frequency, a is acoustic speed, L is the resonator length, γ is the specific 
heat ratio of the working gas, R is gas constant and T is the gas temperature. 
 Eq. (1) showed the resonance frequency depends on the acoustic speed of the working gas and 
resonator length. However, the resonator length is always limited by the size of the experimental setup. So 
the working gas with low acoustic speed is adopted to reduce the resonance frequency. 

 Another important parameter on the behavior of the thermoacoustic mover is the the Prandtl 
number, which is the dimensionless parameter characterizing the ratio of kinematic viscosity to thermal 
diffusivity. 
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The viscous penetration depth v    can be calculated using the equation 
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And the thermal penetration depth k  can be calculated using the equation 

                                                                              

2
k

m p

k

C
                         (3) 

 Where is the dynamic viscosity, m  is the mean density, k is the thermal conductivity, pC is the 

isobaric specific heat and  is the angular frequency. The angular frequency  of the sound wave is 
defined as 
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The Prandtl number is defined as 
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 The viscous friction has the negative effect on the performance of thermoacoustic systems, so a 
reduction of the effect of the viscosity means the increase in the efficiency. Decreasing the Prandtl number 
generally increases the performance of thermoacoustic mover [17]. The working gas with low Prandtl 
number or the mixtures of heavy and light monatomic gases are used to improve the system efficiency. 
   The linear theory on the low amplitude thermoacoustic system was first proposed by Rott [18]. The 
continuity, momentum and energy equations based on this theory can be expressed by 
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   Where u  and v  are the velocities at x  and 
y

 directions respectively, t  is the time and
p

is the 
pressure. 

 The performance of the standing-wave thermoacoustic prime mover was simulated using DeltaEc 
program (Design Environment for Low-Amplitude thermoacoustic Energy Conversion) developed by Ward 
and Swift in Los Alamos National Lab. This program can be used to calculate the details of how the 
thermoacoustic mover performs, and reflect the variation trend of the performance influenced by the 
working fluid parameters, operating parameters, geometrical parameters and so on. 
Fig.1 schematic diagram of the simulation model of the symmetric standing-wave thermoacoustic prime 
mover 

 
FIG.1 SHOWS THE SCHEMATIC DIAGRAM OF THE SIMULATION MODEL OF THE SYMMETRIC STANDING-WAVE 

THERMOACOUSTIC PRIME MOVER. THE SYSTEM INCLUDES THE RESONANCE TUBE, HOT BUFFERS, HOT HEAT EXCHANGERS 
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(HHE), STACKS, AND COLD HEAT EXCHANGERS (CHE), WHICH WERE SYMMETRICALLY ARRANGED ON THE BOTH SIDES OF 

THE RESONANCE TUBE. THE STACKS AND HEAT EXCHANGERS WERE PREPARED WITH STAINLESS STEEL AND COPPER PLATES 

RESPECTIVELY, USING 0.5 MM THICKNESS PLATES, WHILE THE SPACE BETWEEN TWO PLATES WERE 1.0 MM.  

 
Fig.2 Cross section of the stacks and heat exchangers 

 

Fig.2 shows the cross section of the stacks and heat exchangers. The plates were separated from each 
other by the thin sticks. The oscillating gas flows in the spaces between the plates. The hot heat exchangers 
were insulated with ceramic fiber. The resonance tube was a copper tube of 1.5 m length. Dimensions of the 
main parts of the thermoacoustic prime mover are presented in Tab.1 

Items  Hot buffer  HHE Stack  CHE Resonance tube 

Inner diameter (mm) 51 51 51 51 38 

Length (mm) 110 80 200 40 3300 

Tab.1 Dimensions of the main parts of the thermoacoustic mover. 
 

 Experimental verification 
 Fig.1 and Fig.3 showed the photo and simulation model of the symmetric standing-wave 

thermoacoustic mover, respectively. The system included the resonance tube, hot buffers, hot heat 
exchangers (HHE), stacks, and cold heat exchangers (CHE), which were symmetrically arranged on the both 
sides of the resonance tube. The stacks and heat exchangers were prepared with stainless steel and copper 
plates respectively, using 0.5 mm thickness plates, while the space between two plates were 1.0 mm. Fig.3 
showed the cross section of the stacks and heat exchangers. The plates were separated from each other by 
the thin sticks. The oscillating gas flew in the spaces between the plates. The hot heat exchangers were 
insulated with ceramic fiber. The resonance tube was a copper tube of 3.3 m length. Dimensions of the main 
parts of the thermoacoustic prime mover were presented in Tab.1. The temperatures were measured using 
K type thermocouples, while the GEFRAN pressure transducers (model no. TKDA) were used for the 
pressure measurements. Microphone transducers were also incorporated in the system for observing the 
oscillations [8]. 

 
Fig 3 : The photo of the symmetric standing-wave thermoacoustic prime mover 

 

Results and analysis 
 The effects of the working gas with different charge pressures on the performance of this mover 

were experimentally tested. The system charge pressure was adjusted from 0.3MPa to 1.2MPa. The ambient 
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temperature was 300K. The input power of each heater was kept at 1kW. The working gases were helium, 
argon, He-Ar mixture (80%-20%) and He-Ar mixture (60%-40%), respectively. 

 

 
 

 Fig.4 showed the comparison of the performance of the movers using different working gases with 
different charge pressures.  The comparison of the simulation results and experimental data indicated the 
simulation can reflect the variation trend of the working gas parameters on the performance of the movers. 
However, there were large differences between the absolute values. The author considered the reasons 
came from the followings: (1) the wall temperature of the cold heat exchanger was assumed to be constant 
at 300K, and the heat load can be completely released in the simulations. Unfortunately, the efficiency of the 
cold heat exchanger was low in the tests, resulting in the high temperatures (320~330K) at the cold heat 
exchanger; (2) the cross sections of the stacks and heat exchangers were assumed uniform in the 
simulations, however, the spaces between the plates were irregular in the fabrication, resulting in the large 
flow resistance for the working gases through the channels.  

 The minimum resonance frequency can be achieved using argon gas in the test working gases due 
to its lowest acoustic speed. The pressure amplitude and onset temperature difference of the mover 
increased with the charge pressure of the working gases. The maximal pressure amplitude of the mover can 
also be achieved using argon gas; however, the larger onset temperature difference was also essential for 
this gas. In addition, the mixtures of helium gas and argon gas were tested. The results indicated the 
mixtures can improved the onset temperature difference and pressure amplitude compared to the pure 
argon gas and pure helium gas, respectively.  
 

Conclusions 
The effects of the working gas with different charge pressures on the performance of the standing-wave 
thermoacoustic prime mover have been simulated and tested. 
(1) The resonance frequency of the mover increases with the acoustic speed of the working gas. The 
minimum resonance frequency can be achieved using argon gas in the test working gases. 
(2) The pressure amplitude and onset temperature difference of the mover increase with the charge 
pressure of the working gases. 
(3) The maximal pressure amplitude of the mover can also be achieved using argon gas, however, the onset 
temperature difference increases correspondingly, resulting in the problem of the reduction of the system 
efficiency. The argon gas mixed with helium gas can improved the onset temperature difference and 
pressure amplitude compared to the pure argon gas and pure helium gas, respectively. 
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