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Abstract : Conventional refrigeration system is being used widely for cooling purposes using
various chemical refrigerants currently. However, this present scenario poses a major threat to
the environment as the emission of harmful gases like ChloroFluoro Carbon (CFC), Hydro
ChloroFluoro Carbon (HCFC) are on the rise due to the excess use of chemicals, and the
requirement for refrigeration system is increasing. Hence, there is a necessity to find an
alternative to conventional refrigeration. Thermoacoustic refrigeration system is one of the
harmless types of refrigeration system, which offers a wide range of scope for further research.
Some key advantages include no emission of harmful ozone depleting gases as chemical
refrigerants are not required and the presence of no moving parts. The major disadvantage of
the method is lesser Coefficient of Performance. This field is gathering the attention of many
researchers as it combines both the disciplines of thermal and acoustics. Researchers have
found the influence of various parameters of the components, the working fluid, and the
geometry of the resonator on the performance of the device. Simulations using software are
also being developed from time to time. The main objective of this paper is to present a
detailed overview on the arrangement and functioning of the refrigeration system using high
intensity sound waves. A review on the works done in this area, the advancements made and
the future scope are also discussed.

Keywords : Refrigeration, No refrigerants or chemicals, Acoustics, Stack, Sound waves,
Cooling, Temperature Difference.

Introduction

Thermoacoustic deals with the study of the inter relationship between heat and sound. A
Thermoacoustic refrigerator is an arrangement that brings out the effect of cooling by means of using high
intensity sound waves. The sound waves of high intensity are regarded to be pressure pulsations. These pressure
pulsations come in contact with the stack material that is placed inside a resonator tube. The sound waves travel
inside the resonator tube leading to the formation of standing wave. The interaction between the original wave
and the wave reflected back causes expansion and rarefaction of the sound waves. This causes the heat transfer
across both the ends of the stack. By the usage of proper heat exchangers on either side of the stack, the lower
temperature obtained can be used to obtain the required refrigeration effect.

Experimental Set-Up
Driver

The driver of the Thermoacoustic refrigeration system is one of the major components as it creates the
sound waves of high intensity. The frequency of the sound waves to be sent into the resonator is set by means of
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using the function generator. After amplifying the waves in the amplifier, it is sent through the loudspeaker. The
driver is connected with the resonator tube such that the sound waves from the loudspeaker at the pre-set
frequency are passed into the resonator. The loudspeaker must be properly insulated to avoid any leakage of the
sound waves.

Resonator

The high intensity sound waves from the loudspeaker travel through the resonator. The resonator
contains the working fluid. The waves interact with the stack inside the tube, where the heating and cooling
across the ends are produced. There should be minimal losses at the resonator. The resonator may be of half
wavelength type and quarter wavelength type and with or without buffer volume of various geometries.

Stack

The stack is the part of the system placed inside the resonator where the thermoacoustic effect takes
place. In the stack, the acoustic power is converted into heat. The amount of heat produced is predominantly
dependent on the material properties of the stack such as the thermal conductivity, heat carrying capacity, the
porosity and the length of the stack. The position of the stack in the resonator also decides the amount of
refrigerant that can be obtained.
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Figure 1. Layout of Thermoacoustic Refrigerator

Figure 2. Honey Comb Ceramic Stack

Heat Exchangers

Heat exchangers are placed on the stack at either ends of the stack and enable the transfer of heat
produced from the stack ends. Optimal design of the stack is essential to get maximum difference in
temperatures.

Working Fluid

The working fluid is filled inside the resonator. Generally, noble gases are used as the working fluid.
The fluid is usually filled with high pressure. Atmospheric air can also be used as the working fluid.
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Methodology
Standing Wave

The sound waves of the pre-set frequency are sent into the resonator. As the resonator is closed on the
other side, the initial wave gets reflected back into the resonator. Because of this, interference between the
original and the reflected wave occurs. This interference may be of two forms; either constructive interference
or destructive interference. When both the waves are of the same phase, constructive interference will happen.
On the contrary, the presence of opposite phase will result in destructive interference. When this process
happens inside a closed medium, the waves created are called standing waves.

Thermoacoustic Effect

When the sound wave from the acoustic driver is passed through a resonator at a particular frequency,
the pressure pulsations form a standing wave. This causes the oscillatory motion of the gas in the resonator
along the axial direction. The combination of the pressure pulsations and oscillatory motion of the gas inside the
tube causes heat transfer, when there exist a thermal contact of the gas with a stationary surface i.e., the stack.

Refrigeration using Thermoacoustic effect

Based on the expansion and compression of the gas by sound, the heating and cooling (temperature
difference) occurs on both the ends of the stack on account of the thermoacoustic effect. The reduced
temperature at the cold end of the stack is taken out with the help of using a heat exchanger. This reduced
temperature can be used for the refrigeration purposes.

Review on Thermoacoustic Refrigeration

Refrigeration by conventional methods plays a key role in the modern world. The refrigeration process
occurs by the process of vapour compression, which uses a specific refrigerant. The refrigeration system has
undergone a lot of development after its introduction in the beginning of 19™ century. However, the
conventional system of refrigeration poses a major threat to the environment by the generation of ozone
depleting green-house gases. Blends of carbon, hydrogen, fluorine and chlorine are mixed in various ratios to
attain the required temperature. Potential to cause global warming is also high. Also, it involves high energy
cost. After the impact of these adverse effects was determined, efforts are being made continually to move over
from conventional refrigeration. Thermoacoustic refrigeration is a good alternative as it offers the desired level
of cooling without using any harmful substances. Mathewlal. T, PranavMahamuni, MandhataYadav, Florian
Zinc and many other authors have stressed on the need for alternate refrigeration system and the benefits of
using Thermoacoustic refrigeration®*'®#. Use of harmless refrigerants like air, helium or any inert gas is
environment friendly. Thermoacoustic refrigeration technique offers other added advantages of less
maintenance cost as there are no moving parts, and hence, there is no requirement of lubrication system.

Thermoacoustics is the combination of thermodynamics and acoustics. It involves the study of transfer
of heat by using sound waves. Sound waves, of high intensity are used for the purpose of cooling. Mathewlal. T
et al., designed and fabricated a Thermoacoustic model and tested it>. The resonator used was of quarter
wavelength type that used air in the ambient condition as the working fluid. While the model was tested, that
the temperature at the hot end of the stack was increasing at a faster rate than the temperature at the colder side
of the stack. The reduction in the temperature was retarded because the heat from the hot end of the stack was
flowing back to the cold side and raising the temperature, instead of being dissipated to the surroundings. To
solve the foresaid problem, heat exchangers that are made of copper wool and copper mesh that has the same
porosity as that of the stack could be used. Providing such heat exchangers at both the ends of the stack might
help to prevent heat accumulation.

A study of the Thermoacoustic system was conducted by PranavMahamuniet al’. Parameters such as
frequency and mean pressure have a significant effect in creating the temperature difference across the ends of
the stack. The model was tested 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 time taken to stabilize increases with the corresponding increase in the mean pressure. Performance
of the Thermoacoustic system can also be increased by the variation in the cooling loads. Increasing the cooling
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loads causes more heat to be pumped to the hot end of the stack, which results in increasing the temperature
difference. Also, the temperature difference is dependent on the pressure and, is maximum at a particular
pressure.

NormahMohd-Ghazali et al designed a portable counter top Thermoacoustic Cooling apparatus, made
of a PVC resonator of 60mm diameter®. The temperature which was initially at 24°C came down to 18.5°C
within a minute. A drop in temperature was observed from 23°C to 8°C, when an acrylic resonator of 110mm
diameter was used. From these tests, it can be observed that this system of refrigeration could be used for
specific applications, if not for general purpose applications.

Owing to the benefits and ideal potential of Thermoacoustic refrigeration system to replace the
conventional refrigeration system, efforts are being made to improve the COP of the system. While the focus is
on improving the performance, importance is to be given to the resonator geometry, stack, the acoustic driver,
the frequency of sound wave and heat exchangers. MandhataYadav has stated that the researchers still now has
focused on the length of the stack and its position'®. However, there is a lack on the ideal model of the stack.
Research is to be made on stacks of different materials and in different gases, in order to find the best
combination that will yield a better COP.

The length of the resonator also affects the performance of the refrigerator. N. M. Hariharan
constructed a Thermoacoustic engine, which produces high energy sound waves from heat'?. The sound waves
are used to drive a thermoacoustic refrigerator or a cryo-cooler. This set up has been built on the basis of linear
TA model and other design parameters. Results obtained indicate that as the length of the resonator increases,
the difference in the temperature across the stack and the mean pressure amplitude increases and hence, the
cooling by the system also increases.

The impact of the resonance tube on the performance of the Thermoacoustic stack was studied by
Channarong Wantha?. The key component of a standing wave Thermoacoustic refrigerator 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. In order to compensate for some effects, the length of the resonator is increased. Under
the optimal match between the operating frequency and the resonator length, an increase in the difference in
temperature by approximately 55.67% was observed. Poor match will cause a decline in the stack performance.

N. M. Hariharan designed and fabricated a Twin Thermoacoustic Heat Engine **. The device generated
high intensity sound waves. The performance of the system is analysed by varying the length of the resonator
and the working fluid. The performance of the system is measured in terms of the difference in temperature,
pressure amplitude of the oscillations and the resonance frequency. Simulations of the system using DeltaEC
was done and the deviations obtained from the experimental results were within 10%. These deviations are
observed due to variations in the uniformity of stack spacing and the cross section. The results obtained indicate
that as the half-wave resonator length increases, the temperature difference decreases. This effect is lowest in
helium followed by nitrogen and then argon. As the resonator length increases, resonant frequency decreases
and the pressure oscillations increases.

Konstantin Tourkov has explained on the effect of the resonator curvature on the Thermoacoustic effect
% CFD studies aim at quantifying the effect of resonator curvature. However, these seem to be insufficient as
several mechanisms that are difficult to model using CFD occur in a thermoacoustic engine. Hence, future work
in the area is required. A standing wave engine design with a square channel ceramic stack is used. The
temperature at the ends of the stack and the pressure at the anti-nodes are examined, under the influence of the
resonator curvature. Increase in the curvature adversely affects the pressure level of the sound and causes
increase in the difference in temperature across the ends of the stack at a constant heat input. A close
relationship is presented between the temperature variation across the stack ends and the level of the sound
pressure.

A study on the influence of the buffer on the resonance frequency of a Thermoacoustic engine was
studied by G. B. Chen®. Frequency matching is one of the great important aspects to a thermoacoustic drive
pulse tube refrigeration system. Fluid impedence method is introduced in order to compute the resonance
frequency of TA engines. Calculations are made with different arrangements of buffer for TA engines are
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carried out. The influence of buffer arrangements and the volume on the resonance frequency and the acoustic
power of the engine have also been discussed. The method of fluid impedance can be applied for simple
arrangements and as well as complex hybrid arrangements. Based on the results obtained, it can be brought to a
conclusion that an acoustic structure like buffer has a significant influence on the resonance frequency and other
such performance of the TA engines.

The effect of different working gases on the performance of a small Thermoacoustic Stirling Engine
was investigated both experimentally and numerically by M. Chen*’. The investigation gave focus to the
operating frequency, onset temperature, pressure amplitude and the temperature characteristics after onset.
Sound with frequencies of 45 Hz, 42 Hz and 130 Hz were respectively passed through working gases nitrogen,
argon and helium. It was observed that the engine operated with helium, worked under wide range of pressure
than argon and nitrogen. For each of the working media, there was an optimal mean pressure for the minimum
onset temperature. Using nitrogen and argon as the working gas rather than helium, another optimal mean
pressure for the highest pressure ratio was obtained. The loop dimension was indispensible in the determination
of the frequency and the highest power ratio was observed in the resonator cavity. Further investigation and
effort are required to improve the overall performance of small TA engines and to utilize the low quality heat or
energy source like solar power to drive the refrigerators in a limited space.

Thermoacoustic refrigerator works with high amplitude sound waves created from an acoustic driver.
The acoustic source is coupled to the resonator. This acoustic coupling between the loud speaker and the
resonator in a standing wave Thermoacoustic drive was explained by David Marx®. Linear acoustic equations
and linear model of the loud speaker can be used to analytically calculate this coupling. 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. This observed disagreement grows as the square of the pressure amplitude. This clearly indicates the
presence of a non-linear phenomenon. The non-linearities may be associated with harmonic generation;
turbulence and the loudspeaker behaviour are low. The possible cause for the deviation and the observed
difference may be the minor losses.

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’. 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. Cordierite honeycomb ceramic stack of four different lengths (26 mm, 48 mm, 70 mm, 100 mm)
with square cross sections were used for the test. Guidance on the design of the stack and the best possible
configuration are also provided. 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. The relation between the temperature difference and the geometrical parameters
were non-linear. The author states that further study on the interdependency between the frequencies and the
geometrical parameters is required.

Thermoacoustic refrigeration utilizes the interactions of the high intensity sound waves and the medium
to produce the refrigeration. Compression and rarefaction of the gas occurs when the sound travels
longitudinally in the medium causing subsequent heating and cooling. Stack is the medium of heat transfer and
is the heart of the system. An overview of the design of the stack is presented by Bhansali. P. S ”. 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. The simplest design is spiral type stack.
Pin stack offers improved ratio of energy transmitted to viscous losses.
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S. Balonji conducted an experiment to evaluate the performance of different stack made of ceramic
materials with square pores . A standing wave thermoacoustic refrigerator of 465mm length 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.

A small scale thermoacoustic refrigeration system was fabricated and studied experimentally by B.
Ananda Rao™. 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.

Ikhsan Setiawan conducted an experimental study on the thermoacoustic cooling system using two
stacks in a straight resonator tube ™. 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 thickness of 0.3 mm and
spacing of 0.85 mm. This spacing is about four times the thermal penetration depth. The length of the stack is
10cm and the diameter is 20 cm. The frequency range is 130 — 160 Hz and the input electric power is 40 W to
160 W. The stacks are positioned at 8 cm and 25 cm in the resonator. 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. There was no much difference in
temperature after 15 minutes of operation. The operating frequency is slightly below the resonant frequency.
This shift in frequency is due to the use of stack and the diaphragm. Heat conduction across the stack is affected
by the temperature decrease at the cold end of the stack. The stack that was placed near the closed end of the
stack produced better temperature difference than that placed near the diaphragm.

N. M Hariharan also agrees that the stack parameters such as the thickness of the plate and the spacing,
along with the resonator length affect the performance of the system'. His study shows that as the thickness of
the plate is increased, the difference in temperature also increases. More pressure amplitude was found to occur
for less thickness of the stack plate. Also, increase in the plate spacing and the resonator length causes a
reduction in the working frequency. Reduction in the operating frequency leads to reduction in the temperature
difference.

A study on the performance of a thermoacoustic refrigerator was done using stacks of two different
spacing of 0.4 mm and 0.8 mm and the temperature difference was observed by N. M. Hariharan'’. Stacks made
of low thermal conductivity materials like mylar sheets and photo film were used. Helium was used as working
medium at 1 MPa at a frequency of 460 Hz. Pressure Amplitude of 0.07 MPa was obtained from twin
thermoacoustic prime mover. Results obtained indicate that a temperature difference of 16°C was obtained in
Mylar sheet stack of 0.4 mm spacing. The temperature difference obtained was higher for Mylar sheet with
lesser spacing. In the case of photographic film, the temperature rise at the hot end was higher. Also, twin
thermoacoustic prime mover acts as an efficient drive for the system.

The effect of the positioning of the stack, also known as regenerator, on the intensity of the
thermoacoustic effect in a looped-tube travelling wave thermoacoustic engine was described by Konstantin
Tourkov®®. Travelling wave thermoacoustic engine works based on the principle of an acoustic wave travelling
through the loop of an engine across the regenerator, with the pressure and velocity curves in phase and thus,
amplifying the acoustic effect. Increasing the intensity of effect while the input energy is kept constant increases
the efficiency of thermoacoustic engine and the COP of thermoacoustic refrigerator. Proper positioning of the
stack increases the intensity of the standing wave device. Amount of cooling created from the given heat input
can take place from more effective conversion of thermal energy to thermoacoustic energy and hence, the COP
of the system increases.

The heat transfer at the heat exchanger of the thermoacoustic system was experimentally studied by
Emmanuel C. Nsofor®”. The study focused on the oscillatory flow of heat transfer at the heat exchanger. The
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factors that affected the heat transfer were identified. The results obtained were correlated in terms of Prandtl
number, Nusselt number, and Reynolds number in order to obtain new correlation that are useful for the heat
transfer that occurs at the heat exchangers. Usage of straight flow heat transfer correlation for the analysis and
the design of the system results in errors that are significant. The relationship between oscillatory heat transfer
coefficient at heat exchanger, the frequency of oscillation and the mean pressure were described. The heat
transfer coefficient increases with higher mean pressure, if the system is operated at the corresponding resonant
frequency. The error caused by the usage of straight flow analysis is because of the nature of the oscillator flow
does not allow the fluid particles close to the solid surface in order to make as much contact with the heat
exchanger surface as the particles in the straight flows.

The effectiveness of the thermoacoustic refrigeration system was examined by Kaushik S. Panara® and
B. Ananda Rao®. 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. The same was confirmed by the experiments of AnandaRao. Presence of
stack creates a difference in temperature. The measured difference is 7°C within 18 minutes of operation by
Kaushik S. Panara and 15°C under 300 seconds in the case of the experiment done by AnandaRao. 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. The optimal frequency that is essential for the maximization of the efficiency was
obtained by trial and error method, because the equation to calculate the frequency was found to be ineffective.
The heat may escape from the refrigerator if the parts are not properly sealed.

The methods to improve the performance and the temperature difference were detailed by Jithin
George™. Increasing the length of the resonator causes an increase in the temperature at the hot end of the stack.
Use of aluminium plug improves the performance when compared with plastic plug by creating more difference
in temperature. 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.

Ramesh Nayak. B conducted an experiment to evaluate the performance of thermoacoustic refrigeration
system under various operating conditions and stack geometries *°. The system consisted of a resonator made of
aluminium, the inner face of which was coated with Polyurethane material with an objective of reducing the
heat loss. The difference in temperature across the stack can be increased by increasing the acoustic power. 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‘®. 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. Using heat sink might allow excess of heat to dissipate.

A. Widyaparaga has described that the direction of heat pumping can be altered by altering the acoustic
field . So the device can function as a heater or a cooler without the addition of complicated machinery. A
thermoacoustic heat pump was constructed with dual opposing acoustic drivers connected to a resonator. A
regenerator constructed by means of steel mesh layers was placed in the centre of the resonator tube in order to
investigate the effect of alteration of the acoustic field due to the interaction of opposing traveling wave.
Altering the phase difference and the magnitude between the waves generated by the acoustic drivers, the
acoustic field was manipulated. The results indicate that the acoustic flow of power on both the sides of the
stack altered the direction of the pumped heat. The travelling wave component and the standing wave
component also affect the heat pumping direction.

The influence of wave patterns and the frequency on the thermoacoustic cooling effect was investigated
by Yousif A. Abakr®. Simple thermoacoustic refrigerator 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. The maximum temperature difference of 28°C was observed with square
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waves; sine waves produced temperature difference of 26°C and the triangle waves produced 21°C difference in
temperature.

A three dimensional investigation of thermoacoustic fields in a square stack was done by Ahmed I. Abd
El-Rahman?'. The thermo-viscous behaviour of the oscillating gas in a porous medium enables the conversion
of sound into heat in the typical standing wave refrigeration process. A new three dimensional finite volume
model was presented that solves the full non-linear thermo-hydrodynamic laminar flow equations in three
dimensions and examines heat transfer between the thermoacoustically oscillating gas and the surrounding
surface in a thermoacoustic stack made of square pores. The temperature variation with time across the stack
ends was investigated by the model and also, the axial flow velocity profiles at the stack centre and the mean
energy flux density near the stack ends are analysed. Flow streaming and the mean vorticity field are also
calculated. More heat transfer across the stack is expected with square pore geometry than the corresponding
parallel plate geometry. Future work may focus on extending the study to include high drive ratios, in which the
potential of flow transitions from laminar to turbulent is no longer trivial.

Thermoacoustic system has the potential of developing renewable energy systems by the utilization of
waste heat or solar energy. An algorithm based on simplified linear TA model was developed by HadiBabaei
that has the ability to design thermoacoustically driven refrigerators #. 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.

Numerical Simulation for turbulent flow heat transfer of thermoacoustic cooler was done by Jiangrong
Xu®”. A theory model of numerical simulation was provided and the thermoacoustic cooling model was
simulated. The focus is given to the temporal and the spatial variation of the parameters like velocity,
temperature turbulent intensity and density. The resonator and the heat exchangers were treated as porous area
with 15 atm pressure, 20Hz frequency and the lowest temperature of 243K was achieved.

HasserYassen made an attempt to find the impact of temperature gradient on the thermoacoustic
refrigeration system %. Low technological strategies are essential particularly in the fabrication of stack. The
new design strategies were modified in order to obtain new software for sizing a thermoacoustic device to be
manually built and also determine the impact of the temperature gradient across the stack. The various
parameters like the heating capacity, cooling capacity, stack spacing and the mean pressure were chosen in
order to fit the needs. Optimum temperature gradients were also included.

The CFD analysis of thermoacoustic cooling was done by Florian Zink %. 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.

Florian Zink also illustrated the geometric optimization of the thermoacoustic system, count the thermal
losses to the surroundings that are mostly disregarded®. A simple TA engine is used to demonstrate the
methodology. Finite element method was used to model the driving component and the stack. The dimensions
are varied in an attempt to find the optimal design where the thermal losses are less. The phenomenon of
thermoacoustic involves consideration of acoustic power, capacitive and viscous losses of the regenerator. The
optimization takes into consideration four weighted objectives and it is conducted with Nelder-Mead Simplex
method. When the thermal losses are to be minimized, the regenerator must be designed as small as possible. It
has been found that there is an optimal regenerator diameter for a particular length. The results are given for a
variety of materials along with the weights of each aobjective. In a standing wave engine, heat transfer from the
gas to solid has to be delayed in order to get correct phasing between pressure and velocity oscillations. This
delay is shorter as small as the channel is. For ideal contact, equal to or lesser than the thermal penetration
depth, there is no delay. There is a need for improved models of thermoacoustic work and loss mechanisms.
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The parameter estimation for the characterization of thermoacoustic stacks and regenerators was done
by MatthieuGuedra®. 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 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.

M. E. H. Tijani described the design of a thermoacoustic refrigeration system by using the linear
thermoacoustic theory®®. There are large numbers of parameters to be considered while designing. Hence, some
parameters with dimensionless independent variables are introduced. Guidelines for the design, development
and optimization of different parts of the system are discussed. The large number of parameters can be reduced
by using dimensionless parameters and, making the choices on some parameters.

Of thermoacoustic refrigeration systems have been developed with modified design of the simple
thermoacoustic refrigeration system. EsmatullahMaiwanSharify constructed a double loop type travelling wave
thermoacoustic refrigerator system that is driven by a multi stage travelling wave thermoacoustic engine. The
design consisted of three etched stainless steel type mesh regenerators installed inside the prime mover loop.
One regenerator was fixed in the refrigerator loop. His experiments concluded that as there is an increase in the
temperature at the hot end of the regenerator, the COP of the system increases. The cooling performance of the
system can be extended up to a considerable extent by the installation of multiple regenerators in the vicinity of
the sweet spot of the prime mover.

The acoustic field characteristics and performance analysis of a looped travelling wave thermoacoustic
refrigerator was done by T. Jin %°. A looped travelling wave thermoacoustic refrigerator with one engine stage
and one refrigerator stage is proposed. Emphasis is given to the high normalized acoustic impedance, the
volumetric efficiency required and the proper phase relation between the pressure and velocity, close to the
travelling wave in the regenerators of both the refrigerator and engine. Analysis on the utilization of low grade
thermal energy and the impact of the heating and cooling temperatures that are critical to refrigeration
applications are conducted. The increase in the heating or cooling temperature can realize the near travelling
wave acoustic field in the regenerated. The normalized acoustic impedance in the engine’s regenerator can be
raised and that in the refrigerator’s regenerated be reduced by elevating the heating temperature and by
lowering the cooling temperature.

MaximePerier-Muzet designed and analysed the dynamic behaviour of a cold storage system combined
with a thermoacoustic system that is solar powered®. A thermoacoustic engine produces acoustic work by the
utilization of the waste heat in a heat powered thermoacoustic refrigerator. 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 thermoacoustic refrigerator. The
objective is to study the KW scale solar thermoacoustic refrigeration capable of reaching the temperatures
required for industrial refrigeration domain. In order to take care of the fluctuations and guarantee the cooling
required, the refrigerator system is combined with a latent heat storage system. The system is capable of
supplying a cooling power of 400 Watts at a temperature equal to or lesser than -20°C with best storage design.
The average COP of the solar thermoacoustic refrigeration system is equal to 21%.

M. Nouh constructed a piezo driven thermoacoustic refrigerator with dynamic magnifiers®. Large
number of thermoacoustic regenerators has been used till now using electromagnetic loudspeakers for the
generation of acoustic input. The design, construction and the operation of a piezo driven thermoacoustic
refrigerator is explained in detail. The acoustic driver can be coupled to an elastic structure called a dynamic
magnifier in order to increase the performance of the system. The proper selection of the magnifier parameters
can increase the performance of the system by increasing the magnitude of pressure oscillations across the stack
and thus, increasing the temperature difference. The magnified refrigerator demonstrated the effectiveness of
piezoelectric actuation in moving 0.3 W of heat with an input power of 7W across a 10°C difference in
temperature. The theoretical predictions from the discussed model based on the mathematical model were
validated against the experimental prototype of the device. Thus, piezo-driven thermoacoustic refrigeration
using dynamic magnifiers proves to be an efficient means of increasing the cooling outcome of the system.
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Jing Yuan Xu constructed a looped three stage thermoacoustically driven cyrocooler which proves to be
an efficient system for liquefaction of natural gas®. A number of thermoacoustic heat engines of different
diameters are connected end-end by means of small diameter resonance tubes. A pulse tube cyrocooler is
connected to the branch of the last stage engine. The system realized cascaded acoustic power amplification
with only a single power output. The device was also numerically investigated. Comparison was made with the
existing pulse tube cyrocooler. The obtained results indicate the superior performance of the system. The
distribution of some key parameters and the energy losses involved are also detailed.

Shinya Hasegawa designed a thermoacoustic refrigerator that was driven by a low temperature-
differential and high efficiency multistage thermoacoustic engine**. A multistage thermoacoustic engine has the
potential to lower the critical onset temperature, which can be successfully lowered further by means of
multistage amplification. One of the reasons for the low efficiency is because of the reason that it is not possible
to set all the regenerators of the multistage thermoacoustic engine at the peak of the real part of the acoustic
impedance distribution. Hence, it is essential to develop a thermoacoustic engine that has both high efficiency
and low temperature oscillation. Numerical calculations were done on the double loop thermoacoustic
refrigerators driven by multistage thermoacoustic engine. The configuration that enabled low temperature
oscillation and high efficiency was determined. The oscillation obtained at a temperature difference of 110.8 K,
equivalent to industrial waste heat temperature with an efficiency of 21% is achieved.

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*®. A. C. Alcock and Mathewlal. T have made it clear that the
environmentally friendly attributes of the system and the benefit of no moving parts and lubrication have turned

the attention of researches towards this field 3.Global warming potential and ozone depleting potential are less
26

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’, in obtaining heating and cooling
simultaneously®, utilization of waste heat in industries®’. J. A. Mumith designed a thermoacoustic heat engine
for the low temperature waste heat recovery in food manufacturing ¥, for cooling applications in space (STAR-
Space Thermo Acoustic Refrigerator), cooling of electronic components in ships and in cooling of ice creams.

Efficient thermoacoustic refrigeration systems are being used in the industries. If the problem in its size
can be solved then the market of applying this technique can be made broader. The Total Equivalent Warming
Impact (TEWI) of thermoacoustic refrigerator is compared with that of the conventional cooling in vehicles by
Florian Zink®’.These types of refrigerators can be powered by waste heat. The target areas of applications are
also suggested. These systems can be applied in transportation of perishable goods, in the transportation of
medical supply in trains and trucks. However, depending on the requirement the amount of cooling required
may vary. For example, ice creams require -23°C of cooling, vegetables require -18°C, meat requires -1°C and
fresh vegetables require 1°C of cooling. Modification of the size and the shape of the thermoacoustic
refrigerator are required for applying it in engines where a straight resonator is not possible. The system upon
development by improving its components can become a supplement to conventional refrigeration systems.

The waste heat from the industries is available for reuse. In the work done by J. A. Mumith,
investigations are done on the utilization of thermoacoustic heat engine in order to utilize the waste heat from
the baking ovens during biscuit manufacturing®’. The design parameter values of the device are determined by
applying an iterative design methodology with a view of maximizing the output and efficiency by the maximum
utilization of waste heat. DeltaEc is the core of the methodology employed. The results of the experiment
indicate that the low temperature industrial processes are also applicable for the recovery of waste heat. As a
single thermoacoustic heat engine produces less level of thermal power, using thermoacoustic heat engine
together can produce higher level. For effective waste heat utilization, heat exchanger design is crucial.

Though thermoacoustic refrigeration system has wide potential and offers more benefits when
compared with the conventional vapour compression refrigeration system, one major factor that affects the
implementation of this technique in various applications is the lesser efficiency and the COP of the system.
Future works in the domain may be directed towards improving the efficiency and the COP of the system by
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varying the resonator geometry, by changing the parameters of the acoustic driver, by using stacks of different
materials and geometry and by varying the working medium. There is a lack of the ideal model of the stack and
the working fluid. The relationship among the various components and the factors in influencing each other and
determining how they affect the cooling effect are to be clearly identified. The area of application of
thermoacoustic refrigeration system is to be widened by modifying the system according to the needs of
application.

Conclusion

The various important studies that have been made on the thermoacoustic refrigeration system have
been presented. Thermoacoustic refrigeration can greatly reduce the emission of harmful gases like
ChloroFluoro Carbon (CFC) because of the use of eco-friendly refrigerants like helium instead of harmful
chemical fluids and hence can become an alternative to conventional refrigeration. With the potential of
reducing global warming and ozone depletion, thermoacoustic refrigeration system is one of the harmless types
of refrigeration system. This review can serve as the basis for the design of the system by taking into effect the
influence of various parameters on the system. The methods to improve the performance of the system and the
means to optimize the device have been pictured clearly.The software simulation techniques and the numerical
models are described and the potential areas of application of the system have been detailed. This field offers a
wide range of scope for further research for improving the efficiency and the Coefficient of Performance. This
field is gathering the attention of many researchers as it combines both the disciplines of thermal and acoustics
and could replace the conventional refrigeration in future.
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