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Abstract- Thermoacoustic refrigeration systems provide 

a practical solution to the problem of heat management 

where heat can be pumped or spot cooling can be 

induced. This is new among emerging technology with a 

strong potential towards the development of sustainable 

and renewable energy systems by utilizing solar energy 

or wasted heat. The most inhibiting characteristic of 

current thermoacoustic cooling devices is the lack of 

efficiency. Although simple to fabricate, the designing of 

thermoacoustic coolers involves significant technical 

challenges. The stack has been identified as the heart of 

the device where the heat transfer takes place. 

Improving its performance will make thermoacoustic 

technology more attractive. The present study 

highlights the importance of thermal losses in the 

modeling of small-scale thermoacoustic engines using a 

multi-objective approach. The proposed modeling 

approach for thermoacoustic engines provides a fast 

estimate of the geometry and position of the stack for 

maximum performance of the device. 

 

Index terms- Acoustics, Resonance and Stack 

 

I.INTRODUCTION 

 

Thermoacoustics science is concerned with the 

interaction of thermodynamics and acoustics. This 

interaction can bring many innovative applications in 

refrigeration. The science of thermoacoustic is 

concerned with the nature and the effects of sound 

wave existence in a flow field and even more with 

the generation of a sound wave in any flow field.  

Over the past three decades huge developments were 

encountered in the application of thermoacoustic 

effects to build actual operating devices. Those 

devices were working properly, well tested, and 

proved to give high efficiency. They have two major 

advantages. Firstly, they are working on a completely 

environmentally benign gas and secondly, they have 

no moving parts (or at least one moving part in the 

acoustically driven devices). Thermo acoustic 

refrigerator is a special kind of device that uses 

energy of sound waves or acoustic energy to pump 

heat from low temperature reservoir to a high 

temperature reservoir. The source of acoustic energy 

is called the acoustic driver which can be a 

loudspeaker. The driver emits sound waves in a long 

hollow tube filled with gas at high pressure. This 

long hollow tube is called as resonance tube or 

simply resonator. The frequency of the driver and the 

length of the resonator are chosen so as to get a 

standing sound wave in the resonator. A solid porous 

material like a stack of parallel plates is kept in the 

path of sound waves in the resonator. Due to thermo 

acoustic effect (which will be explained in detail in 

the animation), heat starts to flow from one end of 

stack to the other. One end starts to heat up while 

other starts to cool down. By controlling temperature 

of hot side of stack (by removing heat by means of a 

heat exchanger), the cold end of stack can be made to 

cool down to lower and lower temperatures. A 

refrigeration load can then be applied at the cold end 

by means of a heat exchanger. 

 
Figure 1    Schematic diagram of thermoacoustic 

refrigeration system 

 

II. METHODS & PROCEDURES 

 

2.1 Design Overview 
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Thermoacoustic refrigerators can generally be broken 

up into four parts. These parts are known as the 

acoustic driver (loudspeaker), the resonator tube, the 

stack, and the heat exchangers and are labeled for an 

example refrigerator in Figure 2. 

 
Figure 2  Typical thermoacoustic refrigerator system 

 

2.2 Acoustic Driver Selection 

A thermo acoustic cooling device requires an 

acoustic driver attached to one end of the resonator, 

in order to create an acoustic standing wave in the 

gas at the fundamental resonant frequency of the 

resonator. The acoustic driver converts electric power 

to the acoustic power.  

 
Figure 3  Loudspeaker 

From literature review, a loudspeaker with the 

maximum power of 100 watts at the operating 

frequency (200 Hz) was used as the acoustic driver. 

The loudspeaker was driven by a function generator 

and power amplifier to provide the required power to 

excite the working fluid inside the resonator. The 

driver was purchased as it is available commercially 

(Figure 3). 

 

2.3 Resonator Tube  

Resonance tube encloses the working fluid, stack, 

heat exchangers, and an acoustical source to generate 

acoustical power.  

The resonator design was driven by the need to have 

a natural frequency near to 200 Hz (from literature 

survey) so as to line up with the speaker natural 

frequency. This tube made manufacturing very 

simple. It also made for easy calculation of the 

resonator natural frequency.  

The acoustic resonator is built from a straight Acrylic 

tube of length 70 cm. The internal diameter of the 

tube is 7.6 cm and the wall thickness is 6 mm. One 

end of the tube has a plate attached to install the 

speaker frame. 

 
Figure 3  Resonator tube (Acrylic) 

The cork plug was simply selected to seal the end of 

the tube tightly and also help heat to leave the 

system. A cork cap was machined to fit into the end 

of the tube. An acrylic base plate was used to create 

an interface between the speaker and the resonator, 

which was fastened to the resonator tube using an 

adhesive. Holes were drilled in the base plate which 

matched the speaker mounting holes for easy 

attachment to the speaker. 

 

2.3 Working Fluid  

Cooling power is proportional to sound velocity in 

gas. The higher is the sound velocity, the larger is the 

cooling power. The sound velocity in gasses such as 

Helium is high. Furthermore, as the thermal 

conductivity of the working gas gets higher, the heat 

transfer between the oscillating fluid particles and the 

stack walls get easier.   

The thermal properties of pure air are shown in table 

1. 

Sr. No. Thermal 

Properties 

Pure Air 

1. Thermal 

Conductivity 

0.030 W/m*K 

2. Dynamic 

viscosity 

0.001846 N/m
2
*sec 

3. Density 1.293 Kg/m
3 

4. Sound velocity 362.9 m/s 

TABLE 1   Thermal Properties of Pure Air 

 

2.6 Stack Material and Its Construction 

The most commonly used effective material for the 

stack has been Mylar. Other materials have also been 
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investigated such as fiber glass, Aluminum, copper, 

stainless steel and RVC.  

The desired properties in a standing wave 

thermoacoustic stack are low thermal conductivity 

and high heat capacity. The stack material should be 

easily fabricated into as thin a thickness as possible to 

eliminate a temperature difference across the 

thickness. Non-isotropic material is a possibility with 

a high thermal conductivity along the thickness and 

very low otherwise to reduce conduction along the 

stack length and thus lower the thermoacoustic 

effects desired. However, the fabrication may not be 

as “easy” as it seems and additional cost that factor in 

may not be attractive. In addition to the requirements 

above, due to the extreme temperature that may occur 

depending on the design criteria, the stack material 

should be sturdy with a high melting point. Hence, 

The Stack material chosen in this study is Mylar as it 

is most desirable in thermoacoustic refrigeration 

system.  

The stack needed spacing on the order of 2 to 4 

thermal penetration depths. The stack spacing should 

be around 2.5 thermal penetration depths; the 

targeted stack spacing is 0.325mm. A coil design for 

the stack was then selected for ease of manufacturing. 

The cross section of the stack was then required to be 

round. The stack cross sectional area selected to be 

much smaller than the speaker diaphragm was chosen 

in order to increase both pressure and volumetric 

flow rates in the resonator. The final selection was 76 

mm diameter was used because the copper tubes used 

for the resonator come in that standard size. The 

stack length was selected to be 150 mm.  

The stack was made in house out of cheap, every day 

materials.  

 

Stack Construction  

The stack spiral was made using 150 mm Mylar film. 

To enforce the spacing between the layers, nylon 

fishing line with a diameter of 0.35 mm was glued 

across the film as shown in Figure 4.3.  

Figure 4 Mylar stack construction 

After the glue dried, the film was rolled up as seen in 

Figure 4.3, and glued at the very end. The diameter of 

the rolled up stack is 76 mm and its height is 76 mm. 

The strip of film before being rolled up is 

approximately 120 cm. 

 

III. EXPERIMENTAL SETUP 

 

Figure 5 Experimental setup of thermoacoustic 

refrigeration system 

Sr. 

No. 

Main 

Components 

Configuration 

1. Loud speaker 100 W, 2-way 12 Inch 

Speaker, Freq. Range: 

40–500 Hz 

2. Resonator tube 

(Acrylic Tube) 

Φ 76 mm, Length = 1400 

mm  

3. Mylar Stack 120 mm x 75 mm x 75 

mm, thickness=3 mm  

4. Data 

acquisition 

system 

Software 

5. Thermocouples 

(2 Qty.) 

K type, Range: -20 ºC to 

150 ºC  

 

TABLE 3  Configuration of The Components Used 

 

The stack was positioned inside the resonator tube by 

sliding it in from the top. The stack was pushed down 

until its top was 120 cm from the one end of the 

resonator. Two small holes were then drilled in the 

side of the resonator so that thermocouples could be 

used to measure the internal temperature, one hole 

above the stack and one hole below it. 

Thermocouples were placed just through the holes 

and glue was used to both hold them in place and to 

reseal the holes. The cork cap was then placed at the 

top of the resonator. The speaker was placed in the 
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mount which had been made for it. The resonator was 

then placed above the speaker and screws were used 

to fasten the whole thing together. Figures 2.7 show 

the assembled refrigerator. The dimensions of the 

refrigerator are displayed in table 2. 

 

IV. RESULTS AND ANALYSIS 

 

In this case, the thermoacoustic refrigeration system 

was at its resonant frequency of 200 Hz and a current 

of 12 V and 200 mA respectively, i.e. input power is 

10 watts. The thermocouple a data obtained at 

various times throughout the operation of the 

refrigerator are shown in data table. It should be kept 

in mind that the thermocouples are measuring the 

internal temperatures just at hot end and just cold end 

of the stack. The graphs are obtained at the beginning 

and throughout the experiment. The temperature 

variation at the stack is plotted. 

Sr. No. Time 

(In min.) 

At Hot end 

(ºC) 

At Cold end 

(ºC) 

1. 0 31.75 31.75 

2. 10 34.75 29 

3. 15 37 28.75 

4. 20 40 27 

5. 25 43.75 25 

6. 30 44.70 22.50 

TABLE 4 Data table 

 

V. CONCLUSION 

 

Thermoacoustic refrigeration is an innovative 

alternative for cooling that is both clean and 

inexpensive. The refrigeration effect is achieved by 

using sound waves and inert gas which will not cause 

any damage to the atmosphere (i.e. Eco-friendly). 

Their benefits compared with their vapor-

compression counterparts and simplicity, they are 

currently still less efficient (COP < 1) than traditional 

vapor-compression refrigerators.  
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