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Abstract 

Development of refrigerators based on thermoacoustic technology is a novel solution 

to the present day need of cooling without causing environmental hazards. With added 

advantages of no moving parts and no circulating refrigerants, thermoacoustic refrigerator 

is a new and emerging technology capable of transporting heat from a low temperature 

source to a high-temperature source by utilizing the acoustic power input. The designing of 

thermoacoustic refrigerators is very challenging. This study illustrates the impact of 

significant factors on the performance of the thermoacoustic refrigerator in terms of the 

temperature difference generated across the stack ends. The results obtained show that the 

stack position, the acoustic and mean pressure have a big influence on the performances of 

the standing wave thermoacoustic refrigerator. The optimum position of stack is at 0.66m 

along the resonator tube and the best working fluid for the TAR is the Helium, because it 

required the minimum value of acoustic pressure of 0.285bar and a mean pressure of 

10bar.  

 

 ملخص

في  التسبب  دون  للتبريد  الحالي  الوقت  في  جديدًا  حلًا  الحرارية"  "الصوتية  الثلاجات  تطوير  يعد 

مخاطر بيئية. مع المزايا الإضافية لغياب الأجزاء المتحركة مقارنة بالمبردات المتداولة، تعد هذه الثلاجة تقنية  

لى مصدر درجة حرارة عالية من جديدة وناش ئة قادرة على نقل ا لحرارة من مصدر درجة حرارة منخفضة اإ

توضح   للغاية.   صعبًا  أأمرًا  صوتية  حرارية  ثلاجات  تصميم  يعد  الصوتية.  الطاقة  مدخلات  اس تخدام  خلال 

الحرارة   درجات  اختلاف  حيث  من  الصوتية  الحرارية  الثلاجة  أأداء  على  المهمة  العوامل  تأأثير  الدراسة  هذه 

الحراري.   الناتج   المبادل  نهايات  النتائج  عبر  الصوتي تشير  والضغط  المكدس  أأن موضع  لى  اإ المتحصل عليها 

الد الموجة  ذات  الصوتية  الحرارية  الثلاجة  أأداء  على  كبير  تأأثير  لهم  المتوسط  المثالي    ،ائمةوالضغط  الموضع 

عند   الرنان    0.66للمكدس  الأنبوب  طول  على  أأفضلمتر  الهيليوم  "الحرارية   ويعد  الثلاجة  لعمل  غاز 

لى     10bar من الضغط الصوتي مع الضغط المتوسط بقيمة 0.285barالصوتية" الذي يحتاج اإ
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Introduction 

Thermoacoustic refrigeration (TAR) is an application of thermoacoustic 

phenomenon that represents a solid-fluid interaction in the presence of acoustic waves. The 

development of TAR is important since it may replace current refrigeration technology, 

and it can be made with no moving parts. TAR are mechanically simpler compared to 

traditional vapor compression refrigerators (VCR) and do not require the use of harmful 

chemicals.  

Our master memoir is divided into four chapters, the first chapter is devoted to the 

literature review where an update of works carried out on thermoacoustic refrigerators is 

presented. Many researchers perform studies on operating parameters and geometrical 

constraints in order to develop this technology. Most of the studies concerned with the 

stack which is an essential component of TAR, other works are related to the combination 

of working gas and stack material. Some researchers perform experiments, other deal with 

numerical simulation using DELTAEC and CFD tools.  

The second chapter contains the theoretical study and the operating principle. In this 

chapter we start with thermoacoustic heat pumping process and thermodynamics Review. 

The operating principle of TAR that depends on its parts such as loudspeaker, resonator, 

stack, heat exchanger and working fluid is explained. A comparison of TAR with other 

refrigeration systems such as absorption vapor compression and thermo electric is done 

and at the end of this chapter a summary of the advantages and inconvenient of the TAR 

Chapter three present the study of our case where we started with a general 

description of thermodynamic cycles, such as refrigeration vapor-compression, absorption, 

reversed Brayton cycles and thermoacoustic refrigeration. The detail of the studied 

geometry of the sanding wave TAR is presented and a design modeling of TAR is done 

using DELTAEC software with a description about our numerical simulation steps that has 

been applied to the model. 

The fourth chapter is devoted to the discussion of the results obtained from the 

simulation where the influence of stack position, the impact of the mean pressure and 

acoustic pressure on the temperature difference and coefficient of performance is studied. 

The influence of different working fluid used in this thermoacoustic refrigerator is checked 

out.



  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Chapter I: Literature Review 



Chapter I                                                                                                  Literature Review 

 
3 

 

I . Chapter 1 Literat ure review 

I.1 Introduction 

After successful flourishing thermoacoustic refrigerator (TAR) developed by 

Hofler in 1986 which had a capacity of 6-Watts, becomes an emerging cooling 

technology against the conventional Vapor Compression Refregiration System (VCRS) 

without any adversarial effect on the environment. However the TAR demanding the 

effective tuning between sound waves and resonator tube frequency and efforts are made 

in a diverse course to overwhelmed these issues. First commercial TAR developed [1] 

with system operating pressure of 10 atm and cooling capacity of 119 Watts for ice 

cream sales. 

Investigators are trying to focus on operating parameters and geometrical 

constraints and most studies concerned with the stack which essential component of TAR 

due to which temperature gradient exist. It plays a vital role in producing a 

thermoacoustic effect, the other work related to a combination of working gas and stack 

material [2] [3] [4]. Some researchers perform numerical simulation using DELTAEC 

and CFD, such ANSYS tool. Now a day’s researchers try to eliminate loudspeaker that is 

a source of acoustic waves with solar energy, waste heat from industries or power plant. 

This low-grade energy used to generate acoustic power the resulting TAR known as heat 

powered TAR [5]. The absence of moving component and use of non-hazardous inert 

gasses as their working fluid makes TAR compact and reliable. TAR finds an application 

in the area of food preservation, transportation of perishable products; space operation 

[6] small capacity electronic equipment. The Thermoacoustic refrigeration can be a 

promising cooling technology in remote areas where electricity is a critical issue. A 

passenger vehicle can be air conditioned by waste heat from the exhaust of engine [7] 

considering a TAR. 
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I.2  Work carried out on TARs 

I.2.1  Experimental works 

A standing wave thermoacoustic stack fabricated using a 3D printer has been 

optimized by Nor Atiqah Zolpakara et al.to determine the optimum design parameters; 

stack length, center position and plate spacing. The results show that the 3D-printed stack 

has potential towards improvement of the temperature performance of the thermoacoustic 

refrigeration system, although a more refined fabrication technology is still in need. They 

realized that 3D-printing of the stack minimizes the error, eliminates inconsistencies, and 

reduces the time for the production of the final product. [8] 

  

Figure I-1: (a) 3D printed stack with parallel geometry (b) Experimental layout [8] 

Jonathan Newman et al. [9] show that thermo-acoustic device is possible and able to 

cool airand demonstrate that it has the ability to create and maintain a large temperature 

gradient, more than 20 degrees Centigrade, which would be useful as a heat pump. [10]  

An experiment had been carrying out by L.K Tarbitu [11] where a honeycomb 

structure as stack geometry with air as working gas is considered with different position of 

square shape stack. They considered a quarter wavelength resonator tube with six different 

positions of the stack. The analytical results were closer to the experimental and a 

maximum COP observed when stack placed near the pressure antinode. [12] 

MEH Tijani et.al [13] built a thermoacoustic cooler comprises of hot and cold heat 

exchanger with parallel stack geometry and helium as working gas in resonator tube An 

experiment performed with two different structure of stack (parallel and spiral), it reveals 

that parallel geometry performs better than spiral geometry. The lowest temperature of -67 

°C reached with COP of 11 % that was about 20 % of Carnot COP. [12] 

G.Allesina [14] designed and built a standing waves refrigerator with more attention 

on woofer box containing loudspeaker, insulation around the stack to reduce the losses.. 

The disturbance of sound waves was common when resonator tube becomes narrow. [12] 
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E.C.Nsofor et al. [15] examine the effect of operating pressure and frequency on the 

performance of TAR, to reduce the axial heat conduction within stack a whole resonator 

made by aluminum tube covered with the plastic tube. The authors had discussed the effect 

of a temperature gradient within the stack, with an increase in temperature gradient the 

cooling load increases. The main intention of this study is to optimize the operating 

frequency and pressure which result in higher cooling load and improved system 

performance.  [12] 

N.Yassen [16] modified a design strategy and built standing waves TAR powered by 

solar energy. The system comprises of PhotoVoltaic cell, stack, sound generator and two 

heat exchangers. [12] 

A study of the Thermoacoustic system was conducted by Pranav Mahamuni et al 

[18]. The model was tested for various frequencies from 250 Hz to 500 Hz in steps of 50 

Hz. The results obtained indicate that the temperature at the hot end increases with the 

frequency and then remains stable.  

The impact of the resonance tube on the performance of the thermoacoustic stack 

was studied by Channarong Wantha [19]. The key component of a standing wave TAR is 

the resonance tube. The performance of the system increases with appropriate resonator 

length. Results obtained indicate that the optimal operating frequency and that obtained 

from the design based on the equations of half wavelength differs from each other.  

The stack is one of the most important parts of a thermoacoustic system that affects 

its performance. A. C. Alcock investigated the performance of the ceramic substrates used 

as a stack material in standing wave thermoacoustic refrigeration [22]. The geometric 

configuration of the stack influences the performance of the system which was studied. 

The porosity of the stack, its length and the position of the stack in the resonator were 

varied. Another important consideration is the material choice of the stack and the method 

of manufacturing. Results obtained indicate that the resonant frequencies were different for 

each position of the stack. It was observed that the difference in temperature becomes 

maximum, when the stack is positioned closer to the pressure antinode. The length of the 

stack had very insignificant effect on the performance of the device.  [17] 

Stack is the medium of heat transfer and is the heart of the thermoacoustic system. 

An overview of the design of the stack is presented by Bhansali. P. S [23]. Thermal 

properties such as thermal conductivity and the specific heat are important for the design of 

stack. Optimal spacing of the stack plates based on the thermal penetration depth and the 

viscous penetration depth are discussed. Stack made of vitreous carbon in various 

geometries like parallel plate, porous type, spiral type and parallel plate type. The 

important characteristics of the stack are high heat capacity and low thermal conductivity. 

Stack geometry and spacing play a major role in the refrigeration. Very less spacing gives 

rise to high viscous losses whereas more spacing leads to less volume of gas to involve in 

thermal interaction. Optimal stack spacing of three times the thermal penetration depth is 

suggested.  [17] 
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A small scale thermoacoustic refrigeration system was fabricated and studied 

experimentally by B. Ananda Rao [24]. Through his experiment, he found that the 

variation in the temperature difference across the stack was under 0.5°C when there was no 

stack placed inside the resonator. When the stack was used, the difference in temperature 

of 15°C was obtained after 300 seconds. The maximum difference in temperature was 

found to occur when the stack is placed at the pressure antinodes. The insulation around 

the resonator was found to have very less effect on the obtained refrigeration. [17] 

Ikhsan Setiawan conducted an experimental study on the thermoacoustic cooling 

system using two stacks in a straight resonator tube [25]. The resonator was made of PVC 

of length 112cm using air at atmospheric pressure at the frequency of 152 Hz. Stacks are 

made of parallel plate type with spacing about four times the thermal penetration depth. It 

was observed that the maximum temperature difference occurs when the stacks are placed 

at the ends of the tube near the pressure antinodes at a frequency of 147 Hz. Higher 

temperature occurs at higher input power. [17] 

The effectiveness of the thermoacoustic refrigeration system was examined by 

Kaushik S. Panara [26] et B. Ananda Rao[24]. Kaushik S. Panara brings out that the 

performance of the refrigerator depends on the working gas, the shape of the resonator, 

pressure inside the resonator tube, stack material, length and its position. Thermoacoustic 

refrigeration system offers the combined benefits of providing heating and cooling 

simultaneously. Results obtained indicate that a variation in the temperature of only 0.5°C 

was observed inside the resonator tube without the stack. Presence of stack creates a 

difference in temperature. The position of the stack is of essential importance in order to 

get maximum temperature difference and it occurs at the pressure antinodes. The input 

power as well as the effectiveness of the acoustic driver plays a major role in creating the 

maximum temperature gradient. The insulation around the resonator has very little effect 

on the temperature difference.  [17] 

The methods to improve the performance and the temperature difference were 

detailed by Jithin George [27]. Increasing the length of the resonator causes an increase in 

the temperature at the hot end of the stack. The increased temperature difference can be 

achieved by the use of heat exchangers at the ends of the stack. A stack made of low 

conductivity material would enable to reduce the heat diffusion across the stack. Optimum 

spacing of the plates in the stack is also essential for the improved performance. [17] 

Ramesh Nayak. conducted an experiment to evaluate the performance of 

thermoacoustic refrigeration system under various operating conditions and stack 

geometries [28]. His results indicated that higher temperature difference was obtained 

using parallel plate stack. The temperature difference increases as the heating load 

increases. Small Thermoacoustic refrigeration system was constructed with inexpensive 

and readily available parts by SreeneshValiyandi [41]. He suggested that in order to obtain 

higher cooling effect higher heat carrying capacity materials could be used and inert gases 

could be used as working fluid. [17] 
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A simplified model of a TAR was given by Hofler, shown in Figure I-2. The 

refrigerator system mainly includes a gas-filled resonator, a driving loudspeaker, and a 

stack of plates with one end thermally anchored at room temperature. The “stack of plates” 

was a long strip of plastic (Kapton) sheet, spirally wound around a plastic rod with a 

spacing between the layers of plastic sheet (roughly 4 times of thermal penetration depth). 

Each of the two heat exchangers was made of rectangular copper strips reaching across the 

stack ends. The “Hofler resonator”, comprising a largediameter section, a small-diameter 

section and a sphere in series, was essentially a quarter wavelength resonator. [40] 

 

Figure I-2:Simplified model of thermoacoustic refrigeration   [29] 

The influence of wave patterns and the frequency on the thermoacoustic cooling 

effect was investigated by Yousif A. Abakr [31]. Simple TAR system was designed and 

tested for the effects of wave patterns and frequency on the cooling. It was observed that 

the square wave pattern yielded better results when compared with other wave patterns.  

[17] 

Maxime Perier- Muzet designed and analysed the dynamic behaviour of a cold 

storage system combined with a thermoacoustic system that is solar powered [35]. A 

thermoacoustic engine produces acoustic work by the utilization of the waste heat in a heat 

powered TAR. This is coupled to a thermoacoustic cooler that enables the conversion of 

acoustic energy into cooling effect. The study has demonstrated the usage of solar energy 

as the source of thermal energy for a low power heat driven TAR.  [17] 
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M. Nouh constructed a piezo driven TAR with dynamic magnifiers [36]. The 

magnified refrigerator demonstrated the effectiveness of piezoelectric actuation.  

Although the current applications of thermoacoustic refrigeration system are limited, 

with further studies and investigations, this method of refrigeration can be used in many 

domains. Some of the areas where the system can be potentially applied are in the 

liquefaction of natural gas [38], in obtaining heating and cooling simultaneously [30], 

utilization of waste heat in industries [37]. J. A. Mumith designed a thermoacoustic heat 

engine for the low temperature waste heat recovery in food manufacturing [37], for cooling 

applications in space (STAR Space Thermo Acoustic Refrigerator), cooling of electronic 

components in ships and in cooling of ice creams. [17] 

In 2000, Adeff et Hofler [39] built and tested a solar thermal powered TADTAR 

(thermoacoustically driven TAR) of a small temperature span shown in figure I-3. The 

higher-intensity sound waves then drove the TAR to achieve a substantially improved 

cooling power and the temperature span had also been enlarged from 18 to 30 °C. [40] 

 

Figure I-3: Solar energy driven TAR and its Frensnel lens by Adeff and Hofler  [39] 

I.2.2 Numerical simulation works 

Ali Namdar et al [20] try to simulate input pressure using open foam package in 

CFD, here the maximum temperature and velocity profile has studied, and the main 

conclusion of this study is optimum left side heat exchanger position for enhanced 

performance of TAR. It was observed that with lower oscillation pressure the heat has not 

rejected to atmosphere via hot heat exchanger while at higher oscillation pressure the gas 
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parcel not absorb the heat from the left side of the heat exchanger with a sharp rise in 

nonlinear effects. [12] 

A standing wave TAR was designed by using a numerical approximation with the 

use of a modelling code called as Design Environment for Low Amplitude Thermo 

Acoustic Energy Conversion (DeltaEC). The configuration of the stack such as diameter, 

length, porosity and position of the stack has significant effect on the performance of the 

system. The main objective of the work is to identify and select the best geometric 

configuration of the stack. By simulating using DeltaEC, the performance in terms of COP 

was evaluated by varying geometric configurations of stack and the best condition was 

selected. [17] 

An algorithm based on simplified linear TA model was developed by Hadi Babaei 

that has the ability to design thermoacoustically driven refrigerators [32]. This is a new 

feature based on the energy balance to design a thermoacoustic engine and acoustically 

driven refrigerators. It has been found that the results of the algorithm are in agreement 

with the results obtained from the computer code DeltaEC. [17] 

The CFD analysis of thermoacoustic cooling was done by Florian Zink [33]. In 

thermoacoustic energy conversion, the application of numerical analysis techniques, 

particularly, Computational Fluid Dynamics (CFD) Analysis has gained importance. The 

efforts made previously focused on single thermoacoustic couples that were subjected to 

thermoacoustic effect using an oscillatory boundary condition. It is computationally 

expensive to conduct CFD analysis of the entire thermoacoustic system. The prescribed 

work examines the simulation of an entire thermoacoustic engine that includes 

thermoacoustic refrigeration. The cooling of the working gas in the stack is demonstrated 

by the interaction of thermally generated sound waves. Temperature reduction below the 

ambient temperature was simulated by the new model and it was found to be consistent 

with the similar physical model. Location of the stack near the pressure node is of prime 

importance as it should yield better results. [17] 

I.2.3  Theorical works: 

The acoustic coupling between the loud speaker and the resonator in a standing wave 

Thermoacoustic drive was explained by David Marx [21] usinglinear acoustic equations 

and linear model of the loud speaker. For low values of excitation voltage corresponding to 

the low acoustic pressure, the comparisons with the measurements are good. However, the 

measured drive ratios are found to be lower than predicted when there is an increase in the 

voltage. [17] 

 The parameter estimation for the characterization of thermoacoustic stacks and 

regenerators was done by Matthieu Guedra [34]. The study deals with the in-situ 

characterization of open cell porous stack. An inverse method is used to estimate the 

geometric and the thermal properties of the stack surrounded by the heat exchangers and 

connected to the thermal buffer tube to form the thermoacoustic core. The experimental 

data obtained from different stacks under varying heating conditions are used to fit the 
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theoretical forward model by adjusting the geometric parameters of sample and heat 

exchanger coefficients. It was found that carbon foam allows getting higher temperature 

gradients. [17] 

 Finally, thermoacoustic refrigeration systems offer many advantages over the 

conventional refrigeration systems. Thermoacoustic system has the potential to develop 

renewable energy systems by the utilization of waste heat or solar energy as stated by 

HadiBabaei [32]. 

 

I.3 Conclusion 

This chapter presents the various important studies that have been made on the 

thermoacoustic refrigeration system which can serve in the design of the TAR. These 

studies focused on improvement  and optimization of the performances of the TAR. 

Most of the studies concerned with the stack which is an essential component of TAR due 

to the generation of temperature gradient inside it. Other work related to a combination of 

working gas and stack material. Some researchers perform numerical simulation using 

DELTAEC and CFD, tools. Recently different algorithms are also used to augment the 

different parameters of TAR. 
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II . Chapter 2 Theoretical s t udy a nd operat ing pri nciple  

II.1 Theoretical study 

II.1.1 Introduction 

Thermoacoustics is a subject which focuses on the conversion of thermal energy 

into acoustic energy and vice versa in the present of solid walls and oscillating fluids inside 

a resonance tube. In 1980, Nikolaus Rott [42] first introduced the term “thermoacoustics” 

in a review of his previous work on a theory for this phenomenon. The theory, known as 

linear thermoacoustic theory, became the solid basis of nowadays thermoacoustic 

investigations and applications. In recent decades, investigations on the fundamental nature 

of the problems encountered in various thermoacoustic devices and explorations on 

industrial and household applications are widely carried out in many research groups 

world-wide.  

Many thermoacoustic devices were built and utilized. The performances and 

efficiencies are much enhanced. Thermoacoustic devices have the advantages over the 

conventional heat pumps and engines, that they have no mechanical moving parts, which 

brings high reliability and virtually maintenance-free to the customers.  

Moreover, they are environment friendly by using chemically inert working gases. 

It is a charming technology for today’s world, which is suffering all sorts of environmental 

problems: global warming, ozone depletion and others. [43] 

II.1.2 History  

Thermoacoustics has a long history that dates back more than two centuries.  

 
 

Figure II-1: (a) Higgins’ singing flame (b) The Rijke tube 

The first records of heat-driven oscillations are the observations of Higgins [44, 45] in 

1777, who experimented with an open glass tube in which acoustic oscillations were 

excited by suitable placement of a hydrogen flame, the so-called “singing flame”.  



Chapter II                                                       Theoretical study and operating principle 

 
13 

 

A similar, but more famous experiment was performed by Rijke [46] who in his efforts to 

design a new musical instrument from an organ pipe, constructed the so-called “Rijke 

tube”. As depicted in figure II-1, he replaced Higgins’ hydrogen flame by a heated wire 

screen and found that when the screen was positioned in the lower half of the open tube 

spontaneous oscillations would occur, which were strongest when the screen was located at 

one fourth of the pipe.  

The first qualitative explanation for heat-driven oscillations was given in 1887 by 

Lord Rayleigh. In his classical work “The Theory of Sound” [47], he explains the 

production of thermoacoustic oscillations as an interplay between heat fluxes and density 

variations: 

”If heat be given to the air at the moment of greatest condensation (compression) 

or taken from it at the moment of greatest rarefaction (expansion), the vibration is 

encouraged”. 

Rayleigh’s qualitative understanding turned out to be correct, but a quantitatively accurate 

theoretical description of these phenomena was not achieved until much later.  

In 1964 Gifford and Longsworth [48] invented the pulse-tube refrigerator, by which 

they managed to cool down to a temperature of 150 K. Nowadays pulse-tube refrigeration 

is one of the most favored technologies for cryocooling. 

 

In the eighties a very intensive and successful research program was started at the 

Los Alamos National Laboratory by Wheatley, Swift, and coworkers [49, 50, 51]. Using 

Rott’s theory of thermoacoustic phenomena they started to design and build practical 

thermoacoustic devices. Important was Hofler’s invention of a standing-wave 

thermoacoustic refrigerator [52, 53], which proved that Rott’s theoretical analysis was 

correct. Hofler’s refrigerator, shown in figure II-2, used a loudspeaker to drive a closed 

resonator tube with a stack of plates positioned near the speaker. At the other end of the 

tube a resonator sphere was attached to simulate an open ending, so that effectively one 

can speak of a quarter-wave-length resonator. Inside the refrigerator a standing wave is 

maintained by the speaker, generating a temperature difference across the stack such that 

heat is absorbed at the low temperature or waste heat is released at the high temperature. 
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Figure II-2: Hofler’s standing-wave refrigerator. The hot end of the stack is thermally anchored at 

room temperature and the standing wave generates cooling at the cold end of the stack. 

 

A whole new branch of thermoacoustic devices started in 1979 with Ceperley’s 

realization [54, 55] that thermoacoustic devices based on the Stirling cycle [56] with ideal 

heat transfer, could reach much higher efficiencies than devices based on standing wave 

modes of operation. His idea was to design machines that allow a traveling wave to pass 

through a dense porous medium (the regenerator) using a toroidal geometry. [57]     

II.1.3  Thermoacoustic Heat Pumping 

The formation of temperature gradient due to acoustic oscillations along the length of 

a plate can be understood from figure II-3 [58, 59]. Consider a solid plate placed in an 

acoustic field with direction of particle oscillation along its length. Suppose the pressure 

antinode (region of maximum pressure variation) is near the left end of the plate and the 

pressure node (region of zero pressure variation) is near the right end of the plate. the plate 

as well as the gas is at the mean temperature ‘Tm’ and the gas is at the mean pressure of 

‘pm’. A typical gas parcel oscillates over a distance 2x1 about its mean position. Its pressure 

varies between pm – p1 and pm + p1. The activity of a typical gas parcel is shown below in 

Figure II-3 (a-d). 
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Figure II-3: Thermoacoustic heat pumping process  

 

Referring to figure II-3(a), the gas parcel at the right end absorbs acoustic power and 

moves by a distance ‘2x1’ to the left. During this displacement it gets compressed and its 

temperature rises. This parcel then loses heat to the plate till its temperature equals that of 
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the plate (Figure II-3(b)). As a result, left end of the plate becomes a little warmer. The 

parcel then moves again to right end where its pressure as well temperature falls (Figure II-

3 (c)). The cold parcel warms up by picking heat from right end of the plate, making the 

right end of the plate colder (Figure II-3(d)). Thus, in one cycle the gas transports ‘dQ’ 

amount of heat over a temperature difference of ‘2x1Tm’, absorbing ‘dW` - dW’ amount 

of acoustic power. Eventually, the left end of stack heats up and the right end cools down. 

II.2 Thermodynamics Review 

The study of heat engines and refrigerators constitutes a major portion of the field of 

thermodynamics. Therefore, it should come as no surprise that thermodynamics is at the 

heart of thermoacoustic theory, since the applications of the thermoacoustic effect are heat 

engines and refrigerators. [70] 

II.2.1 The First Law of Thermodynamics 

The first law of thermodynamics states that energy cannot be created or destroyed. 

Energy is simply transformed from one type to another. The total energy of a system is 

changed only by energy in the form of heat being added to the system or through work 

being done on the system. Note that heat was shown to be a form of energy by Joule in the 

mid nineteenth century [70, 71] 

𝛅𝑸 + 𝜹𝑾 = 𝒅𝑬 II-1 

 

In equation (II-1), Q is the heat added to the system, W is the work done on the 

system, and E is the total internal energy of the system. 

When dealing with thermoacoustic applications, most of the heat transfer will occur 

through conduction. The Second Law of Thermodynamics 

The first law of thermodynamics is not violated in either case, and so the second law 

of thermodynamics is necessary to describe which energy flows and transformations will 

take place and which will not. 

Every system has a scalar quantity called entropy. This quantity is related to how 

useable the energy within that system is. The entropy of a system is decreased if heat is 

removed from the system to the outside. 

Energy transformations can be broken down into two categories. There are reversible 

energy transformations and irreversible energy transformations. [70] 

𝒅𝑺 =
𝒅𝑸

𝑻
+ (𝒅𝑺)𝒈𝒆𝒏  II-2 

 

Where:   (𝑑𝑆)𝑔𝑒𝑛 ≥ 0 

II.2.2 Thermodynamic performance 

The performance of a refrigerator is measured by the so-called coefficient of 

performance COP.  
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When analyzing a refrigerator, we are interested in maximizing the cooling power 

𝑄�̇� extracted at temperature TC, while at the same time minimizing the net required 

acoustic power �̇�. 

𝑪𝑶𝑷𝒓𝒆𝒇 =  
𝑸𝒄

̇

�̇�
 II-3 

 

The second law of thermodynamics limits the interchange of heat and work. 

𝑪𝑶𝑷𝒓𝒆𝒇 =  
𝑸𝒄

̇

�̇�𝑯 − �̇�𝒄

 ≤
𝑻𝒄

𝑻𝑯 − 𝑻𝒄
= 𝑪𝑶𝑷𝑪𝒓𝒆𝒇′  II-4 

 

The quantity COPC is called the Carnot coefficient of performance, and gives the maximal 

performance for all refrigerators. Using COPC we can introduce a relative coefficient of 

performance COPR as [69] 

𝑪𝑶𝑷𝑹 =
𝑪𝑶𝑷

𝑪𝑶𝑷𝑪
 

II-5 

II.2.3 Ideal Gasses 

These working fluids are generally able to be considered ideal gasses. Ideal gasses 

follow a few important and well-known relations which are shown below 

 

𝒑 =  𝝆𝑹𝑻 II-6 

 

𝑪𝒑 =  
𝑹𝜸

𝜸 − 𝟏
 II-7 

 

𝑪𝒗 =  
𝑹

𝜸 − 𝟏
 II-8 

 

Equation (II-7) is known as the ideal gas law, equation (II-8) is the constant pressure 

specific heat, and equation (II-9) is known as the constant volume specific heat. Also, 𝛾 is 

defined as the ratio of specific heats and it can be shown by combining equations (II-7) and 

(II-8) that it is equal to the ratio of the constant pressure specific heat to the constant 

volume specific heat. [69] 

II.2.4 Length scales 

The length scales of a thermoacoustic device play an important role in its performance. 

The important length scales are the wavelength λ, frequency and speed of sound: [70]  

𝝀 =
𝒄

𝒇
 II-9 
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𝒇 =
𝒄

𝟐𝑳
 II-10 

 

Where: λ = 2L 

𝒄 = √𝜸𝒓𝑻 II-11 

 

Where: 𝑟 =
𝑅

𝑀
 

  

II.3  Operating principle of a thermoacoustic refrigerator 

Thermo acoustic refrigerator is a 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 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 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 removing heat by 

means of a heat exchanger from the hot side of stack, 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 II-4: thermoacoustic refrigerator device 



Chapter II                                                       Theoretical study and operating principle 

 
19 

 

II.3.1  Thermoacoustic refrigerator parts 

II.3.1.1 Speaker 

Speaker is the source of acoustic waves which is also known as Acoustic driver in 

figure II-5. The acoustic driver produces sound waves. Sound waves are produced due to 

vibration of flexible cone or diaphragm. The diaphragm is made up of plastic, paper, metal 

etc. and narrow end of the coil is attached to the coil which produces sound name as voice 

coil. The voice coil contains two magnets namely permanent magnet and electromagnet. 

The audio signal transmits or travels in the form of waves it may be transverse and 

longitudinal. These waves are further travels through stack. A higher performance of 

speaker leads to higher performance of whole refrigerator system. [60] 

 

 

Figure II-5: thermoacoustic refrigerator speaker 

II.3.1.2 Resonator 

The purpose of the resonator is to contain the working fluid in a thermo acoustic 

refrigerator and create resonance in it at applied frequency. The shape, length and losses 

are important parameters for designing the resonator. Length of the resonator is determined 

by resonance frequency and minimum losses at wall of the resonator. Resonators are 

generally of two types: [66] 

II.3.1.2.1 Quarter wavelength Resonator 

Quarter wavelength resonators shown in figure II-6 are made with tubes by sealing 

one end and making the length approximately one quarter of the desired resonant 

frequency wavelength. The open end of the tube is simulated by attaching a large volume 
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to the end. This large volume creates the boundary condition of zero pressure at the end, 

causing the end of the tube to be a pressure node and velocity anti-node while the 

beginning of the resonator is approximately a velocity node and a pressure anti-node. [66] 

 

Figure II-6: Quarter wavelength Resonator 

II.3.1.2.2 Half wavelength resonator 

Half wavelength resonators shown in figure II-7 are roughly a long tube that is 

closed at the end. The closed end means that the gas inside the resonator cannot move, 

creating a velocity node and pressure anti-node. The driver at the beginning of the tube 

also creates a velocity node and pressure anti-node, causes the natural frequency of such a 

cavity to be half the acoustic wavelength. [66] 

 
Figure II-7: Half wavelength Resonator 

II.3.1.3 Stack 

 Stack is the element where thermo acoustic effect happens. It is the most delicate 

piece of the plan in thermo acoustic refrigerator since little change in measurements of the 

stack can lead enormous contrast in its performance. There are two sorts of stack 

arrangement parallel plate stack and winding stack. The another thought while planning 

stack will be stack thickness must be diminish so that there must no blockage in the stack. 

On the off chance that blockage would present, at that point the acoustic wave would not 

go through the stack and in the event that the thickness is excessively thick, at that point 

there would be development of vortexes close to the stack. [67] 
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II.3.1.3.1 Stack geometry 

 Extensive research has been reported on stack geometry, the most frequent 

geometries are spiral, parallel, honeycomb and pin array later is most efficient geometry 

but manufacturing difficulties associated with pin array structure it is abandoned by 

researchers. However, pin array structure provides effective heat interaction between 

working gas and solid walls, the final choice base on manufacturing difficulties and 

conversion efficiency. The next efficient geometry to pin array is parallel plate geometry 

utilized by researcher’s group with favorable results. Figure II-8 shows various stack 

geometries utilize by researcher’s during their studies, spiral stack, parallel, pin array [62], 

most of the studies carried out with parallel and pin array structure. [12]  

 

 

Figure II-8: (a) spiral, (b) parallel, (c) honeycomb, (d) pin array 

II.3.1.4 Heat Exchangers  

 Heat exchanger is a component or a device which is use to transfer thermal energy 

between fluids (figure II-9), it may be two or more than two. There is no external heat or 

work interaction in heat exchanger. The working of heat exchanger is to remove the heat 

from high temperature source. 

  In thermoacoustic refrigerator the heat exchanger is used to remove the heat from 

the stack so that temperature is maintain as per requirement. In thermo acoustic refrigerator 

two heat exchangers are required one work as hot heat exchanger and other work as cold 

heat exchanger. [67] 
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Figure II-9: Heat Exchangers 

 

II.3.1.5 Working gas 

 To dominate the viscous effects in thermoacoustic working gas should have lower 

Prandtl number, as it is the ratio of viscous effects to thermal effects, lower Prandtl number 

ensure that more thermal effects within the thermoacoustic device. The working gasses 

with a higher ratio of specific heat are favorable as the speed of sound reaches its peak. 

The inert gasses helium, argon, and nitrogen are promising working fluid in 

thermoacoustic devices as its satisfies the criteria of both higher specific heat ratio and 

lower Prandtl number, another advantage with inert gasses is that no hazardous effects on 

the environment. Amongst all inert gasses, the highest sound velocity has achieved in 

helium. The higher thermal conductivity of working gasses, also beneficial as it enhances 

heat interaction between oscillating gas within the resonator tube and stack surface results 

in improvement in cooling effect produced. [63] Other heavy inert gasses i.e. argon, xenon 

and nitrogen blended to improve the heat interaction but blending should be optimized 

otherwise these reduce the cooling power Tijani et.al. [64] Used a mixture of Helium-

Xenon, Helium-Krypton, and Helium-Argon and Insu et. al [65]. Most of the researchers 

found air as working fluid for experimentation satisfying criteria of operating condition 

and design. [12] 

II.4 Comparison of thermoacoustic refrigeration system with other 

refrigeration systems 

 Apart from vapor compression devices, there are several other ways to provide 

cooling and refrigeration. Although none of these are currently as versatile as a Vapor 

Compression Systems but some of these systems hold a high possibility of replacing the 

pollution causing Vapor Compression Systems. Comparison with various systems is as 

follows [61] 
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A. Type of Refrigerant: 

The Absorption Refrigeration uses a binary mixture of refrigerant and absorbent like 

Water/ammonia or LiBr/water. The Adsorption system uses natural refrigerants like water, 

ammonia or alcohol. Thermo-electric and Thermoacoustic Refrigeration Systems do not 

use any refrigerant. 

B. Working Cycle: 

Vapor Absorption Refrigeration is a two-stage process. The vapor refrigerant is 

absorbed in a binary solution which then regenerates the refrigerant on heating externally. 

It is cooled in the condenser to the required pressure level and the cycle repeats. Much like 

the Vapor Compression Refrigeration Systems the Adsorption Systems are also based on 

withdrawing heat from surroundings during an evaporation process. Thermo-electric 

System is based on the Peltier Effect wherein an electric current passing through a junction 

of two materials will cause a change in temperature. The Thermoacoustic Refrigeration 

System is powered by either a heat engine running on waste heat or an electric source. Due 

to compression and expansion of air packets heat transfer across two mediums is made 

possible. 

 Thermoacoustic 

refrigerator 
Thermo-electric 

Vapor Absorption 

Refrigeration 

Type of 

refrigerant 

do not use any 

refrigerant 

do not use any 

refrigerant 

• mixture of 

refrigerant and 

absorbent like 

Water/ammonia or 

LiBr/water 

• Water, ammonia or 

alcohol 

 

Working 

Cycle 

• powered by either a 

heat engine running 

on waste heat or an 

electric source Due 

to compression and 

expansion of air 

packets heat transfer 

across two mediums 

is made possible 

• based on the 

Peltier Effect 

wherein an 

electric current 

passing through a 

junction of two 

materials will 

cause a change in 

temperature 

two-stage process: 

• the vapor refrigerant 

is absorbed in a 

binary solution 

which then 

regenerates the 

refrigerant on heating 

externally 

• It is cooled in the 

condenser to the 

required pressure 

level and the cycle 

repeats  

 

Table II-1:Comparison of thermoacoustic refrigeration system with other refrigeration systems 



Chapter II                                                       Theoretical study and operating principle 

 
24 

 

II.4.1  Advantages, Inconvenient  

II.4.1.1  Advantages 

• The device can be produced and operated cheaper than the traditional vapor 

compression cooler due to: 

• Mechanical simplicity and very few numbers of the components. 

• No need for lubricants since there is only one moving part, which is the 

loudspeaker. 

• No expensive components. 

• Use of cheap and readily available gases (air or helium). 

• Lower life-cycle cost. 

❖ Environmental Friendliness 

The international restriction on the use CFC (chlorofluorocarbon) and 

skepticism over the replacements of CFC, gives thermo acoustic devices a 

considerable advantage over traditional refrigerators. The gases used in these 

devices are totally harmless to the ozone and have no greenhouse effect. It is 

expected that in the close future regulations will be tougher on the greenhouse 

gases. [66] 

II.4.1.2  Inconvenient 

• Efficiency: Thermo acoustic refrigeration is currently less efficient than the 

traditional refrigerators. 

• Talent bottleneck: There are not enough people who have expertise on the 

combination of relevant disciplines such as acoustics, heat exchanger design etc. 

• Lack of suppliers producing customized components. 

• Lack of interest and funding from the industry due to their concentration on 

developing alternative gases to CFCs. 

• Another major problem of TAR is that it is either fully on or off. [66] 

Advantages Inconvenient 

• The device can be produced and 

operated cheaper than the traditional 

vapor compression cooler 

• Mechanical simplicity 

• No need for lubricants 

• Lower life-cycle cost. 

• Environmental Friendliness The gases 

used in these devices are totally 

harmless to the ozone and have no 

greenhouse effect 

 

• Less efficiency 

• Talent bottleneck 

• Lack of suppliers 

• Lack of interest and funding 

from the industry 

• major problem of TAR is that it 

is either fully on or off 
 

 

Table II-2: Summary of advantages, inconvenient of thermoacoustic refrigerator 
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II.5 Conclusion 

In this chapter theoretical studies and working principle of TAR is presented, most 

components such as loudspeaker, resonator, stack, heat exchanger and working fluid are 

explained as well as the basic laws such as thermodynamics first and second law, ideal 

gases, COP law. Comparison with other refrigeration systems such as absorption vapor 

compression and thermo-electric is done. At the end of the chapter a summary of the 

advantages and inconvenients of the TAR is presented.  
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III . Chapter 3 The S tudie d case 

III.1  Introduction  

Thermodynamics is a science which is based upon the general laws of nature which 

govern the conversion of heat into mechanical work and vice-versa. In terms of 

classification, thermodynamics is classified as part of classical mechanics, which is a 

branch of physics where we study the behavior of a system by considering only the large-

scale response (macroscopic properties). This is unlike modern thermodynamics which 

attempts to explain the behavior of matter from a microscopic or atomic viewpoint. 

Thermodynamics this science is concerned with a lot of domains such as thermal energy 

storage, electricity production (steam and gas turbine) …etc. and one of these domains is 

one of the most important in the modern time which is the refrigeration system. [73] 

III.2 Refrigeration systems 

III.2.1  Vapor compression refrigeration cycle 

A basic circuit of vapor compression refrigeration is shown in Figure III-1. In the 

evaporator some of the refrigerant changes phase from liquid to vapor as a result of heat 

transfer from the cold region to the refrigerant, the refrigerant is then compressed After the 

compression of vapor, it is condensed and then expanded to a low temperature through a 

valve in which the process is essentially at constant enthalpy. [74] 

 

Figure III-1: vapor compression refrigeration  

III.2.2 Absorption refrigeration cycle 

The absorption refrigeration system consists of two cycles, the regeneration cycle 

and the absorption cycle. During the regeneration cycle, heat is supplied to the system to 

generate ammonia vapor, which then passes to the condenser to be condensed and stored as 

ammonia liquid, in an insulated receiver. During the absorption cycle, ammonia liquid 

vaporizes in the evaporator, and hence, produces cooling effect, and flows back to be 

absorbed by the weak solution, in the absorber.[76] 
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Figure III-2: Absorption cycle  

III.2.3 Brayton refrigeration cycle  

The Brayton refrigeration cycle is the reverse of the closed Brayton power cycle. A 

schematic of the reversed Brayton cycle is presented in Figure III-3. The refrigerant gas, 

which may be air, enters the compressor, and is compressed. The gas is then cooled. and 

expanded. [75] 

 

Figure III-3: Brayton refrigeration cycle.  

III.2.4 Thermoacoustic refrigeration cycle 

The cycle by which heat transfer occurs is similar to the Stirling cycle. Figure III.4 

traces the basic thermoacoustic cycle for a packet of gas. The packet of gas is compressed 

and moves to the left. When the gas packet is at maximum compression, the gas ejects the 

heat back into the stack since the temperature of the gas is now higher than the temperature 

of the stack. As the gas packet moves back towards the right, the sound wave expands the 

gas temperature decrease. Finally, the packets of gas reabsorb heat from the cold reservoir 

to repeat the heat transfer process. [66] 
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Figure III-4: Thermo-acoustic refrigeration cycle 

III.3 Deltaec description 

DeltaEC, the abbreviation of Design Environment for Low-Amplitude Thermo-

Acoustic Energy Conversion, is a computer program made by Los Alamos National 

Laboratory that can calculate details of how thermoacoustic equipment performs. Input 

data can be modified or entered via DeltaEC’s user interface. Results can be examined via 

the user interface... [72] 

DeltaEC contains a user interface which is shown in Figure III-5, this user interface 

has all of the segments of a model strung together. Each segment has a number of variables 

within it which describe the physical characteristics of the segment. These variables are 

input by the user. 
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Figure III-5: DELTAEC User Interface 

 

III.4 Modeling in DELTAEC 

DeltaEC numerically integrates the momentum, continuity, and energy equations and 

solves these equations. Models are made by the numerical integration carried out across the 

created network of segments. [70] 

 

III.5 DELTAEC model 

Models are built from a combination of segments strung together. The studied 

thermoacoustic refrigerator is modeled using 14 segments in DELTAEC. The length of the 

device is 5m. 

 

Figure III-6: schematic view of studied TAR using DeltaEC 
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Figure III-7: Studied TAR geometry 

the geometry of the  TAR as presented on figure III-7 has a total length of 5m and a cross 

sectional area of 0.01m², 0.5m of length for the ambient duct then 0.05m for the AHX, then 
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a stack of parallel plate geometry with a length of 0.22m and space between plates 1.6mm 

and 0.1mm of thickness with number of plate 64 , the next part is the CHX with the same 

length of AHX, at the end the cold duct with a length of 4.18m   

 

 

Figure III-8:DeltaEc model 

❖ The first segment is the BEGIN segment which contains the parameters of the 

thermoacoustic refrigerator. This segment is shown in Figure III-9.  

 

Figure III-9: Segment 0 modeling parameters for the thermoacoustic refrigerator 
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This segment contains the mean pressure for the thermoacoustic refrigerator, which 

is equal to the atmospheric pressure in the line labeled by 3. It indicates also the driving 

frequency which is 97.761 Hz and the starting temperature throughout the refrigerator of 

300K in lines 4 and 5. Lines 6 and 7 represent the magnitude and phase of the pressure 

input to the back of the speaker diaphragm. Since the speaker is electrically driven only, 

these parameters are left zero. Lines 8 and 9 contain the magnitude and phase of the 

volumetric flow rate at the back of the speaker. Because the volumetric flow rate is 

dependent on the effort variables, this parameter is labeled as guess and is part of the 

solution in DeltaEC. Also, it is shown in Figure III-9 that the gas type is selected to be 

helium. [70] 

❖ The second segment is the SURFACE 

 

 

Figure III-10: segment 1" SURFACE" 

The solid material surface area exposed to oscillating pressure is equal to 0.01m2  

 

❖ Third segment DUCT 

 

Figure III-11: segment 2 DUCT 

Figure III-11 above shows the first duct segment which is next in the series. This 

segment models the part of the resonator between the speaker and the stack. Line 20 is the 

cross-sectional area of this tube while lines 21 and 22 are the perimeter of the cross section 

and length of the tube respectively.  

❖ Fourth segment Heat Exchanger (HX) 
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Figure III-12: segment 3 heat exchanger HX 

The heat exchanger was modeled as shown in Figure III-12. In Line 27 is the cross-

sectional area of this heat exchanger and in line 28, the ratio of gas to solid in the cross 

section. Line 29 gives the length of the heat exchanger, line 30 the spacing between layers 

of the heat exchanger, and line 31 the heat Q added to the thermoacoustic gas, positive Q 

indicates heat flow from solid to gas. 

 

❖ Fifth segment stack 

 

Figure III-13: segment 4 stack (STKLAB) 

The stack was modeled as shown in Figure III-13. In Line 36 is the cross-sectional 

area of this stack and in line 37, the ratio of gas to solid in the cross section. Line 38 gives 

the length of the stack, line 39 the spacing between layers of the stack, and line 40 the 

thickness of the film which the stack is constructed out of. 

 

The next segment in the model is the cold heat exchanger, the cold heat exchanger 

was modeled in the same way as the ambient heat exchanger. 

 
Figure III-14:Segment modeling the heat input to the cold side of the refrigerator from the outside 

 

 



Chapter III                                                                                                  The studied case 

 
35 

 

The cold duct was modeled with same way as the hot duct just the difference in length 

 
Figure III-15:  the segment modeling cold duct 

 

The Next segment is the surface was modeled in the same way as the first surface 

 
Figure III-16:second  surface segment 

 

 

❖ Sixth segment RPN 

 
Figure III-17:  RPN segments 

RPN is an abbreviation of Reverse Polish Notation (also called Postfix Notation), 

which is a way of writing algebraic expressions without the use of parentheses or rules of 

operator precedence (Brown, 2005).  

So basically, DELTAEC uses encoding technique which is algebraic parenthesis-free 

expressions and the user can define RPN segments to determine the required output 

parameters like COP of the refrigeration and other desired parameters. [76] 
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❖ Seventh segment Hardend 

 

 
Figure III-18:  segment 13 HARDEND 

The final segment is titled the HARDEND. This segment is a wall at the end of the 

cold duct segment which terminates the refrigerator. It is shown in Figure III-18 above. 

This segment contains three variables which are the reciprocals of the real and imaginary 

parts of the acoustic impedance and the total energy flow. The first two variables are set to 

zero indicating that there is infinite acoustic impedance at this point. [70] 

 

III.6 Numerical simulation  

Numerical simulation is used to study the following elements and results are showed in 

chapter 4. 

First, the position of the stack that been changed in order to know their effect on the 

temperature difference and the coefficient of performance. The mean pressure and the 

acoustic pressure in the resonator are fixed at 10 bar and 0.285 bar, respectivelly and the 

position of stack change from the distance of 0.36m to 1.96m. This study is performed to 

find the optimal position of the stack in the standing wave thermoacoustic refrigerator with 

a half-wave length.  

Second, after choosing the optimal position of the stack, the next step is to study the 

effect of mean pressure on the temperature difference and the coefficient of performance 

and the increase of mean pressure is from 6 bar to 14 bar. 

Third, after choosing the optimal position of the stack and fixing mean pressure the 

acoustic pressure is studied in the interval of pressure between 0.2 bar to 0.8 bar.   

Finally, the heat power input and the temperature difference are fixed at 82.991W 

and at 27K, respectively in order to select the optimum gas that maybe used in this model.  
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III.7 Conclusion 

This chapter presented a general description about thermodynamics, common types 

of refrigeration vapor-compression, absorption, reversed Brayton cycles and 

thermoacoustic refrigeration. A detailed modeling of the sanding wave thermoacoustic 

refrigerator using DELTAEC software package is performed. A description about the 

numerical simulation steps applied on the modeled thermoacoustic refrigerator is done.  

  



 

 

 

 

 

 

 
 

 

 

 

Chapter IV: Results and 

discussion 
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IV. Chapter 4 Results  an d Discuss ion 

IV.1 Introduction 

In Chapter 3, the studied standing wave thermoacoustic refrigerator is presented and 

modeled using the thermoacoustic modeling software DELTAEC. In this chapter the 

results are introduced as followed, first the influence of stack position on temperature 

difference along the resonator is presented. Then the impact of mean pressure and acoustic 

pressure on the temperature difference and coefficient of performance (COP) is shown. 

Finally, the influence of different working fluids on the acoustic pressure and frequency 

are presented, where temperature difference, mean pressure and heat add to the refrigerator 

is fixed for all used gases. 

IV.2  Results and Discussion 

 Figure IV-1 shows the acoustic pressure and the acoustic velocity of a standing wave 

thermoacoustic refrigerator. The speaker at the beginning of the resonator tube creates a 

velocity node and pressure anti-node at steady state operation. This causes the natural 

frequency of oscillation with half wavelength of the acoustic pressure and velocity since 

the both ends are closed. In the standing wave resonator, acoustic pressure and velocity are 

in phase of 90°, this mean that the maximum pressure occurs at the point of zero velocity 

and minimum pressure at maximum velocity.  

 

Figure IV-1: acoustic pressure and velocity distribution in a standing wave thermoacoustic 

refrigerator 

 

 Figure IV-2 shows the mean temperature plotted along the standing wave 

thermoacoustic refrigerator. As seen in this figure the temperature difference between the 

ambient and the cold part of the stack at steady state operation is approximately 27K due to 

the thermoacoustic effect.  
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Figure IV-2: temperature distribution in standing wave thermoacoustic refrigerator  

IV.3 Study of the optimal Stack position 

 Figure IV-3 shows the variation of temperature difference with respect to the stack 

position along the resonator tube. An increase in temperature difference between the 

ambient and the cold part of the stack is observed where it rises from 15 to 26.35K when 

the stack moves from the position of 0.36m to 0.66m. Then, a decrease is noted until the 

stack position reach 1.96m. Above this position, the DELTAEC software is not able to 

predict the thermoacoustic effect of refrigerator.    

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

0

5

10

15

20

25

30

 
 

T
e
m

p
e
ra

tu
re

 d
if
fe

re
n
c
e
 (

∆
T

)

Position (m)

 

Figure IV-3: variation of temperature difference with respect of the stack position 
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 Figure IV-4 shows the variation of the coefficient of performance COP with 

respect to the stack position. A decrease in coefficient of performance from 19.87 to 10.36 

is observed, due to the increase of the temperature difference, when the stack position 

shifts from 0.36m to 0.66m. Then, an increase is noted until the stack position reach 

1.96m. Above this position, the DELTAEC software is not able to predict the 

thermoacoustic effect of refrigerator.    
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Figure IV-4: variation of COP with respect of the stack position 

 Based on these results the optimal position of the stack is 0.66m because at this 

position thermoacoustic refrigerator produce the maximum value of the temperature 

difference.       

IV.4  Study of the mean pressure inside the resonator tube 

Figure IV-5 shows the variation of temperature difference with respect to the mean 

pressure. It is observed that the increases in the mean pressure inside the resonator tube 

from 6 to 14bar leads to a decrease in the temperature difference from the value of 31.6 to 

18.62K. 
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Figure IV-5: Variation of temperature difference with respect to variation of the mean-pressure 

 

Figure IV-6 shows the variation of coefficient of performance COP with respect of 

the mean-pressure variation. It is observed that when the mean pressure increases it leads 

to an increase the coefficient of performance COP due to the decrease of the temperature 

difference. 
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Figure IV-6: variation of COP with respect of the mean-pressure variation 
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IV.5  Study of the acoustic pressure inside the resonator tube 

Figure IV-7 shows the variation of temperature difference with respect to the 

acoustic pressure inside the resonator tube. It is observed that the rise of acoustic pressure 

from 0.2 to 0.8bar leads to an increase the temperature difference from 14.51 to 36.73K. 
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Figure IV-7:Variation of temperature difference with respect of variation of the acoustic pressure 

Figure IV-8 shows the variation of coefficient of performance COP with respect of 

the acoustic pressure variation. It is observed that when the acoustic pressure increases the 

coefficient of performance COP decrease.  
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Figure IV-8: Variation of coefficient of performance COP with respect of the acoustic pressure 
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IV.6 Effect of different gases on refrigeration performances 

Figure IV-9 shows the variation of acoustic pressure for different gas. In order to 

produce the same temperature difference in the thermoacoustic refrigerator. It is observed 

that helium gas needs the minimum value of acoustic pressure of 0.285bar which is the 

optimum gas compared to NeXe and HeXe that consumes the max acoustic pressure of 

0.986bar. Other gases like Air, HiumidAir and nitrogen have the same acoustic pressure. 

For neon the value of acoustic pressure is 0.46bar and for the HeAr gas the acoustic 

pressure is 0.64bar.    
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Figure IV-9: Variation of acoustic pressure for different gases 

 

Figure IV-10 shows the variation of frequency for difference gases, In order to 

produce the same temperature difference in the thermoacoustic refrigerator, it is observed 

that HeXe gas needs the minimum value of frequency of 17.1Hz compared to helium that 

needs the max frequency of 97.76Hz, Some gases have the same frequency such as Air and 

HiumdAir because they have the same value of speed of sound  
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Figure IV-10: Variation of frequency with gas type 

 

IV.7 Conclusion 

 We discussed in this chapter the influence of the stack position, mean pressure and 

the acoustic pressure on temperature difference and the coefficient of performance with 

helium as a working fluid, as well as the influence of changing working fluid on the 

acoustic pressure. The results obtained shows that the stack position and the acoustic and 

mean pressure have a big influence on the performance of the standing wave 

thermoacoustic refrigerator.       
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Conclusion 

In this master memoir we present the various important studies that have been made on the 

thermoacoustic refrigeration system. The theoretical studies and working principle of 

thermoacoustic refrigerator is presented, as well as most components such as loudspeaker, 

resonator, stack, heat exchanger and working fluid. A general description about 

thermodynamics, the basic laws such as first and second law of thermodynamics and 

common types of refrigeration systemes as vapor-compression, absorption, reversed 

Brayton cycles and thermoacoustic refrigeration, are explained. A comparison between 

TAR and other refrigeration systems is done. A detailed modeling of the sanding wave 

thermoacoustic refrigerator using DELTAEC software is performed.  

The results obtained shows that the stack position and the acoustic and mean pressure have 

a big influence on the performance of the standing wave thermoacoustic refrigerator, and 

the Helium is the optimum gas for a thermoacoustic refrigerator, the optimum position of 

stack is at 0.66m along the resonator tube and the best working fluid for the TAR is the 

Helium, because it required the minimum value of acoustic pressure of 0.285bar and a 

mean pressure of 10bar.     
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