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Abstract 

In thermoacoustic refrigeration system sound energy is utilized to obtain cooling effect. Acoustic energy transmits in longitudinal 

manner through the medium, therefore subsequent compressions and rarefactions in the medium causes warming and cooling the 

medium. Stack executes as medium to transfer heat from one point in the system to another. Thus stack is the heart of any 

thermoacoustic refrigeration system. This paper provides a brief overview of the construction and functioning of thermoacoustic 

refrigeration system and focuses on stack of a thermoacoustic refrigeration system. The stack material desired thermal properties 

like the thermal conductivity and specific heat have been discussed. An optimum spacing obtained based on the thermal and viscous 

penetration depths have been briefly discussed. Various stack geometries like parallel plate type, spiral type, pin type and porous 

stack materials are also discussed.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The changing lifestyle of human beings every time required refrigeration and air conditioning systems. Refrigeration systems 

containing CFC & HFCS provide good COP, but it also has bad impact on the environment. Also according to Montreal and Kyoto 

protocol, there are restrictions on use of such refrigerants and because of this reason scientists and researchers are in the search of 

new emerging refrigeration technologies which do not have any bad impact on environment. There is so many new emerging and 

eco-friendly refrigeration technologies having low COP as compared with vapour compression refrigeration system, and research 

is going on for improvement of COP of such systems. The thermoacoustic refrigeration is also a new emerging technology in 

refrigeration and air conditioning field. 

 Thermoacoustic refrigeration system use acoustic power for generating cold temperature. Innovation of refrigerators, freezers, 

chillers, coolers, etc. established on thermoacoustic technology is a unique way out towards the current requirement of refrigeration, 

without affecting environmental system. Thermoacoustic refrigeration systems have biggest advantage over other new emerging 

technologies   that there is no moving part except working gas,  and absence of CFC, HFCS refrigerants,  no compressor and 

because of that no friction and no heating problem. Also working gas is inert gas so it does not have any bad impact on environment. 

This device can achieve low temperatures retaining a compact size, because of such reasons; many researchers are attracted towards 

this technology. The present work describes in depth analysis of stack for thermoacoustic refrigerator.  

 By using energy of sound waves a thermoacoustic refrigerator pumps up heat from lower temperature region to higher 

temperature region [1]. Thermoacoustic refrigeration system is shown in Figure 1. ‘Acoustic driver’ is a source of acoustic energy, 

which can be a loudspeaker. The long hollow tube called as a ‘resonator’ is being filled with a gas at high pressure into which 

sound waves are emitted from the acoustic driver. For getting standing pressure wave in the resonator, the length of the resonator 

and the frequency of the driver have been chosen. Stack of a solid plate is placed in a lane of sound waves in the resonator. Owing 

to thermoacoustic effect, heat flow starts from one end to the other end of the stack. Due to this, heating phenomenon is being 

observed at one end while the other end starts to cool down [2].  Controlling the temperature of hot side of stack is possible by 

means of a heat exchanger. Due to this, there will be possibilities for cold end of the stack made to cool down which results in 

lowering the temperature. By mean of heat exchanger at the cold end, refrigeration load can be applied. 
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Fig. 1: Schematic of Thermoacoustic Refrigerator 

II. THEORETICAL BACKGROUND OF THERMOACOUSTIC REFRIGERATION 

The area of thermoacoustics is paying attention by researchers since 1816 while Pierre-Simon Laplace interpreted that in the course 

of sound transmission in medium, there is change in pressure and temperature because of compression and expansion [3]. During 

19th century, glass tubes ware used to listen clean tones produced by their heated vessels. After more than a century the inverse 

fundamental concept recognized and realized that sound conversely produce a temperature difference [4]. P. Rijke [5] gave a 

prominent and advantageous result after his work accomplishment. He worked on a glass tube in which both the ends were open 

along with put a wire mesh and allow locally heating up the air. The obtained result was tone close to the vital tone of the glass 

tube. In a comparable experiment, two gauge layers were used by Lord Rayleigh, [6] the use of extra gauge is to hold the heat for 

longer time [7]. This technique apparently produced strong oscillations which shook the room. Substantial contribution by N. Rott 

[8] through the modeling of thermodynamics phenomenon through his linear theory. G. W. Swift [9] contributed remarkable 

development in the area of thermoacoustic refrigeration link with wider field of thermodynamics [10].  

 Sound wave in air is nothing but the longitudinal waves, medium in which the sound wave undergoes vibrations which result 

into an experience of compression and expansion. This is accomplished with a change in temperature and pressure, while the 

working gas transport the acoustic wave and its communication with a solid surface, it absorbs heat as working gas gets 

compressed. Meanwhile the specific heat capability of solids is usually reasonably superior to that of fluids; the solid absorbs heat 

without ample variation in its temperature. Likewise, solid discards heat to adjacent gas particles in the course of expansion, 

therefore sustain steady temperature. It is clear that high pressure amplitudes lead towards enhance the heat transmission 

subsequently it creates more temperature variance among solid and working gas. When a pulsation obtained by continuous constant 

frequency (by means of acoustic waves) is provide to gas in a conduit using one end (reflector end) close, initially provided acoustic 

waves and the reflected acoustic waves will inhibit with each other. So as to obtain a resonance with the selected length of tube, 

standing wave is attained. Thus obtained pressure amplitude is high and can use to produce the temperature variation across the 

selected tube. With one end open tube case, to withstand resonance required length of tube should be equal to an odd integral of 

λ/4. 

III. IMPORTANCE OF STACK 

For Thermoacoustic refrigeration system stack plays a vital role. Stack and stack material is considered as a heart of the 

refrigeration system. Development and constant expansion of this phenomenon can progress the whole performance of 

thermoacoustic refrigeration system which results into fantabulous progress in the field of Thermoacoustic refrigeration system. 

The heat transfer process is important to the thermoacoustic effect which occurs in an area near to stack and the various technologies 

in  current scenario for the stack material and the types of geometry has opened up the opportunities for progress made possible on 

the basis of the background accomplished. Various stack gap into the stack geometry is being recommended by different 

researchers the following concept is possible due to the most recent innovation and the excellent performance of the stack material. 

If we consider about the theoretical study, it revealed that a pin array is better compared with the parallel plate. It is easy to fabricate 

spiral roll type of geometry from the suitable and acceptable point of view. Many times researchers look into the opportunity of 

using materials which are readily available in the local market with no difficulty of assembly to fabricate optimized Thermoacoustic 

effects. 

 Material for Stack 

Whatever heat transfer phenomenon occurs in thermoacoustic refrigerator, it happens only in stack and hence Stack is called as a 

heart of thermoacoustic refrigeration system. Stack enhanced solid and gas interface and makes it possible to produce sufficient 

temperature variance. Thermal conductivity of stack material has a harmful consequence on thermoacoustic refrigerator. 

Researchers have utilized various materials for stack manufacturing such as Copper, Nickel, Stainless steel, Molybdenum, 

Tungsten, Kapton, Mylar, Celcor, etc.  

 Higher the thermal conductivity of the stack material, the heat pumped by the system will be conducted to the rear i.e. back to 

the cold side, consequently reversing the cooling effect. Because of this, it is crucial that the stack made of such material which 

has lower thermal conductivity and high specific heat capacity than that of the gas so that the temperature remains steady. In the 
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above mentioned materials Mylar or BoPET (Biaxially - oriented Polyethylene Terephthalate) has low thermal conductivity, high 

heat capacity and easily available in sheets and this is the main reason that many researchers widely used it [11]. Samir G H et. al 

[12] Randomly  materials considered for stacks in thermoacoustic refrigerators. The material utilized are Steel wool, copper 

scourers and RVC foam compared to plate stacks. And then the thermodynamic performance of random materials tested. A.C. 

Alcock et. al. [13]experimentally investigates the performance of ceramic substrates used as stacks in standing wave 

thermoacoustic coolers, The device was equipped with different selected low-cost porous materials (ceramic substrates) for 

performance testing and studies. Porosity, length and position of the ceramic substrates are variables that are considered in order 

to investigate the performance of the cooler. 

 Another reason for selection of Mylar is that the stack spacing is very less and with the help of conventional machining it is 

impossible to manufacture up to that dimensions, and Mylar is available in very thin sheets, so it is very easy to roll it and make 

spiral stack. But now a day’s new machining technologies are available such as 3D printing, with such technologies it easy to 

manufacture the stack to the desired dimensions and desired geometries. The thermo physical properties of various materials are 

shown in in table 1. The thermo physical properties of martials HIPS, PA 6.6, ABS, PA 6 etc. are very much desirable for stack 

manufacturing, which have very low down thermal conductivity and higher heat capacity and these are the new proposed materials 

for manufacturing of stack with the help of 3D printing.   

 Length Scale in Thermoacoustic System 

The consequences of thermoacoustic in the interior of the stack occur essentially into the section which nearby to the compact 

walls of stack. As position of the layers of working fluids are away from walls of the stack experienced of adiabatic fluctuations 

in intensity of heat present in a stack which results into the no heat transmission phenomenon to and from stack walls, which is 

adverse. As a result, in a thermoacoustic refrigerator, two typical length scales of the stack are important from the design 

considerations. One is called the thermal penetration depth (δκ), and other called as viscous penetration depth (δv). The thermal 

penetration depth δκ is thickness of the layer of gas wherever temperature be able to diffuse through at some stage in half a cycle 

of oscillations. It is define as, 

 
 Where, Cp = Specific heat per unit mass at constant pressure; k = thermal conductivity of working gas; ω is the angular velocity 

(ω = 2 ᴨ f) and f is the frequency of acoustic wave; ρ is density of gas at mean temperature.  

  The thickness of the layer is denoted by viscous penetration depth δν, whereas the viscosity effect is effective near to the 

boundaries. It is defined as;  

 
Where, μ – dynamic viscosity of working gas.  

 At a distance greater than δκ commencing plate, working gas does not feel any thermal effects of the plate. In other words, the 

heat interchange among working gas parcel and stack plate happens merely at a distance smaller than δκ from stack plate. The 

viscous effect is not desirable for the thermoacoustic process. The viscous effect decreases as the distance from the solid boundary 

(i;e. the stack plate) increases. However, away from the solid boundary, the thermal interaction among working gas and stack plate 

decreases which reduces thermoacoustic heat transfer. The viscous and thermal penetration depths are used to select the optimum 

lateral distance between the two stack plates. An optimum distance is the one when the viscous effect is minimum and the thermal 

contact is strong enough for the heat transfer. The square ratio of viscous penetration depth (δv) to thermal penetration depth (δκ) 

is called Prandtl number, working gas Prandtl number is defined as 

Pr = (δv / δk)2 

 If considered numerous working fluids, like helium and air, the prandtl number Pr is in the order of 1, as a result the two 

penetration depths are concerning equivalent. For thermoacoustic device, a gas with lower Prandtl number is used which has higher 

thermal effect and lower viscous effect, if we consider helium gas at normal temperature and pressure, the prandtl number is 

approximately to be 0.66 (Pr ≈ 0.66). The thermal penetration depth is 0.1 mm in case of typical sound frequencies. Which means 

nearby a surface heat transmission among working gas and a solid surface is restricted by a very thin layer. Consequence of 

thermoacoustic refrigeration system is enhanced by means of placing a large amount of plates (using plate distance of few times 

δκ ) in a field of sound  forming a stack. Stacks contribute an essential part in standing-wave thermoacoustic refrigeration system. 

 It should be noted that in a thermoacoustic refrigeration system, that the gas displacement amplitude Xl, which is the ratio of 

the velocity amplitude Іu1І to the angular velocity ω, of the wave, is much smaller than the acoustic wavelength and the stack 

horizontal length, and much larger than both penetration depths[14]. 
Table – 1 

Thermo Physical Properties of Various Materials 

Sr. No. Material 
Thermal Conductivity 

Ks   (W/mK) 

Specific Heat Capacity 

Cs (J/kg-K) 

Density 

ρ  (kg/m³) 

1 Mylar 0.1610 1110.00 1347.5 

2 Kapton 0.19004 1092.00 1419.5 
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3 HIPS (High Impact Poly Styrene) 0.22 1400 1040.50 

4 PA 6.6 (Polyamid Nylon 6.6) 0.25 1670 1030.50 

5 ABS (Acrylonitrile Butadiene Styrene) 0.25 1250 1080.00 

6 PA 6 (Polyamid Nylon 6) 0.28 1700 1040.00 

7 Celcor 2.5000 730.71 2510.00 

8 Stainless Steel 14.388 453.84 7918.10 

9 Nickel 90.498 530.00 8700.00 

10 Molybdenum 141.10 255.36 1.0199 x 1004 

11 Tungsten 163.60 131.31 1.9253 x 1004 

12 Copper 398.00 420.00 9000.00 

 Stack Spacing 

The space between the two plates is called plate separation or gap or spacing, 2yo whereas the thickness of plate is denoted by 

using the symbol 2l. For stack length Ls, and stack parameter ᴨ, is specified using equation   

𝛱=𝐴 / y0+𝐼 
 Where A denoted as area of a stack. The blockage ratio is one of the substantial factors in stack, occasionally it termed as the 

stack porosity and it is denoted by B.  

B= yo / yo + l 

 This constraint is relationship between the unblocked zone with the complete zone. As the value of stack porosity increase which 

results in reducing the thermoacoustic area. If the Thermoacoustic area will decrease the amount of gas parcel into the system will 

get increase. Raising the parameter B will create the cooperation between total area and the blockage area. Arnott (1991) according 

to him the best possible stack spacing is about 2.2 δκ. According to Tijani (2001) the finest spacing of stack is about 3 δκ, whereas 

swift in (1988) declared it as 4 δκ. While the reason behind this improbability is as Arnott’s function which is concentrated on 

theory and arithmetical values whereas Tijani creates his judgment based on outcome achieved experimentally, whereas swift on 

his fabrication. On the other hand values planned are still remaining in range of 2 δκ to 4 δκ which is suggested by Wheatley 

(1985). 

 Effect of Stack Position 

For an improved performance the position of stack should also be near to pressure antinode. C. Heman (1996) mentioned that 

higher the pressure amplitude in the direction of pressure antinode reasons behind greater temperature variations of every gas 

parcel. Atchley (1990) investigate that to maximize the cooling power, an appropriate location of a stack is located by means of 

λ/8 of acoustic wavelength commencing the sealed end of resonator. Whereas Swift G.W. (2001) concluded from his theory that 

to gain the maximum cooling power the stack position is appropriate to place at λ/20 of an acoustic wavelength commencing from 

close end of resonator to cooperate among high power which needs high velocity as well as high effectiveness which involves low 

velocity.  

 One of the important parameter which will affect the performance of Thermoacoustic refrigerator is the stack position. Naturally 

the position of the stack must be positioned in place at which magnitude of gas velocity amplitude is comparatively lesser to 

diminish the viscous dissipation losses in addition as a result develop the performance. The stack position is denoted by Xs which 

is nothing but the distance from the intermediate or center of stack to closest or adjacent to pressure antinode within resonator. We 

can also commence a dimensionless number i.e. kXs by using wave number k = 2π / λ, that will relates the stack to its location in 

acoustic wave. If the viscous and thermal dissipation losses neglected the most favorable stack position is kXs = π/4. 

 Consequences of Stack Length 

Additional development of thermoacoustic refrigerator could be accomplished by means of improving stack span. It represented 

by X. Normalized temperature gradient (Γ) through stack is define as the relation between mean temperature gradient to critical 

temperature gradient and it is being formulated as follows 

Γ = (ΔT) / (T (γ – 1) BXk) x tan (kXs) 

 Where, T is denoted as working gas mean temperature along stack, B is porosity ratio, k is the wave length and γ is relationship 

between isobaric to isochoric specific heat of working fluid. The acoustic power remains in direct proportion with the length of 

stack (X) also temperature gradient along stack (Γ).  Whereas viscous and thermal dissipation is proportionate with length of stack. 

As a result length of stack must be optimized prudently to attain the maximum power and still convince the refrigeration condition. 

[14, 15]. Nor Atiqah Zolpakar et. al. [16] utilized the Multi-objective Genetic Algorithm (MOGA) to determine the optimum design 

parameters of stack such as stack length, center position and plate spacing. The results show that the stack has potential towards 

improvement of the temperature performance of the thermoacoustic refrigeration system although a more refined fabrication 

technology is still in need, it minimizes the error, eliminates inconsistencies.   

 Konstantin Tourkov et. al. [17] studied the effect of stack positioning on thermoacoustic effect. Five different stack positions 

are tested for temperature behavior.  In results the ambient side behavior showed peak in thermoacoustic behavior intensity. Hot 

side behavior showed peak in position matching ambient side. An optimum regenerator position relative to the straight portion of 

the tube is suggested. 
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 Stack Geometry 

One of the most difficult parts to describe about the complete system is the geometry of a stack for Thermoacoustic refrigeration 

system. If we talk about from the fabrication points of view owing to easy fabrication many researchers develop parallel and spiral 

stack, but very few think about the other geometry of stacks such as mesh, honeycomb, circular, wavy, parallel plate, rounded 

apertures, pin arrays, trilateral apertures etc. Geometry of stack is articulated by Rott’s function fk. From the below fig. 2 Im (- fk) 

maximum at rh (yo) / δk =1.1. And the cooling power is proportional to Im (- fk). Geometry using uppermost Im (- fk) is preferred. 

The reason behind this is the identical configuration of boundary layer. Figure 2 shows actual and pretend parts of f for particular 

geometry as a function of proportion of hydraulic radius rh, and it is define as the relation between cross-sectional area and 

perimeter of channel with δκ. The finest geometry of stacks is Parallel plates and Pin arrays. It is to note that rh = yo used for 

parallel plate stack.  Develop the pin array stack is challenging. [11]. 

 
Fig. 2: Rott’s Function for some Geometry (Swift G. W. 2001) 

IV. AVERAGE PRESSURE 

In view of fact that in a thermoacoustic refrigeration system the power density is related to average pressure pm, it is being more 

advantageous to select the parameter pm as big as conceivable. It is govern by means of resonator mechanical strength. 

Alternatively, δκ is inversely proportionate to square root of pm, as result of that a high pressure consequences in reduce value of 

δκ in addition to that the spacing between plates of stack is very small. This scenario creates manufacturing of the system more 

difficult. While considering all these things, it should be noted that the value of pressure is maximize up to 12 bars. Therefore the 

usage of thin walled stack holder is being provided to decrease transmission of heat commencing from hot side to cold side of 

stack. 

V. FREQUENCY 

In the Thermoacoustic device power density is a linear function of acoustic resonance frequency which is observable selection 

accordingly maximum resonance frequency. Further δκ is in inverse relation to frequency square root, which once more suggests 

very lesser amount of plate gaps stack condition. Building a comprise in among these dual effects as well as fact that with intense 

of the driver resonance have to match with resonance of resonator for the higher effectiveness of driver. In general investigators 

used to choose frequency range of 300 to 500 Hz 

VI. DYNAMIC PRESSURE 

The dynamic pressure is denoted by po is restricted by dual elements, the non-linearities and full force of driver. Whereas Mach 

number of acoustic, defined as 

M = po / ρm a2 

 Where M have to be restricted to M ~ 0.1 for  working gases those who having  nonlinear effects, while to avoid the turbulence 

effect the acoustic Reynolds number R y δν, it must be lesser than 500. In addition to refrigerator design with modest cooling 

power it can be usage the driving ratios D < 3 %, subsequently the value of Mach no will be M < 0.1 and R y δν < 500. 

VII. RESULT AND DISCUSSION  

The graph of temperature (at the hot end of the stack) with time for various frequencies at constant mean pressure and cooling load 

is shown in Fig. 3. It shows how the frequency affects the temperature in the system. For each frequency, the temperature increased 

at the beginning of the experiment and then stabilized after a time. The experiment was performed for various constant pressure 

and cooling load values and it was found that the stabilization time increased as the pressure was increased. This could be because 
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the thermoacoustic process increased with mean pressure in the system and therefore it took more time for the temperature to 

stabilize. Fig. 4 shows the history of the temperature at the hot end of the stack when the cooling load was varied at constant 

pressure and frequency.  

 It was also seen that the temperature increased at the beginning and stabilized with time. For the experiments, the maximum 

temperature occurred at the maximum power tested and the lowest temperature occurred at the lowest power confirming that the 

maximum temperature increases with the cooling load. This is good for the system since higher temperatures are likely to result in 

higher temperature differences between the two ends of the stack and therefore better performance by the system. Also, the 

stabilization time increased as the cooling load increased. This could be because the working temperature in the system increased 

as the cooling load increased. As the cooling load increased, the experiment showed that more time is needed to reach equilibrium 

in the system. 

 
Fig. 3: Temperature Time History (At the Hot End of Stack) for Constant Cooling Load and Mean Pressure for Various Frequencies 

 
Fig. 4: Stack Hot End Temperature Time History for Constant Mean Pressure and Frequency 

 The temperature variations along with different frequencies are shown in fig. 5, the various frequencies are tested under 

experimentation to obtained the better performance, frequency started from 200 Hz to 500 Hz were utilized and it is observed that 

the highest temperature variation was obtained on 384 Hz frequency. This could be because the thermoacoustic process increased 

with the frequency in the system and therefore it shows better performance in particular range, but after that the turbulence was 

increased which disturbed the thermoacoustic process and that’s why the at higher frequency temperature  variation was not 

obtained. 
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Fig. 5: Temperature Variations for Different Frequencies 

VIII. CONCLUSION 

Thermoacoustic refrigerator performance is prominently influenced by means of stack, average pressure, frequency, dynamic 

pressure, gas used etc. Whatever heat transfer phenomenon occur it happens only in stack and hence stack is called as a heart of 

thermoacoustic refrigeration system. The stack material essentially has higher heat capacity and low thermal conductivity than the 

acoustic medium. Also, stack geometry affects the performance of the refrigerator. Stack spacing is significant concern in the stack 

geometry. Too low spacing leads to higher viscous losses and too larger spacing results in only a small volume of gas involved in 

the thermal interaction. A stack spacing of 2 to 4 times the thermal penetration depth is suggested. The spiral stack is the simplest 

design. The pin stack reduces viscous losses and offers an improved ratio of energy transmitted to the viscous losses. 
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