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Abstract - Currently, cooling is achieved with vapor compression system that uses a specific refrigerant. In recent years,
it has been discovered that conventional refrigerants affect the environment adversely. For the safety of the environment,
it is necessary to avoid the use of environmentally hazardous refrigerants by developing new alternative refrigeration
technologies such as Thermo acoustic Refrigeration System. Thermo acoustic principle has been known for over years but
the use of this phenomenon to develop engines and pumps is recent and in research. Thermo acoustics refrigerators have
no moving parts and an inert working medium, hence environment friendly. Designing, experimentation & comparison of
different performance characteristics of thermo acoustic engines were reviewed from different research papers &
conclusion were obtained for designing of project model.
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I. INTRODUCTION
Over the past two decades, heat engine or refrigerator with no moving pistons and oil seals has been area of
research. These are called thermo acoustic devices. They take advantage of sound waves reverberating within them
which converts temperature difference into mechanical energy and vice versa. Such systems thus can be used, to
generate electricity or to provide refrigeration and air conditioning. Thermo acoustic devices perform best with inert
gases as the working fluid hence they do not produce any harmful environmental effects such as global warming or
stratospheric ozone depletion that have been associated with the engineered refrigerants such as CFCs and HFCs.
When sound waves move through a medium by compression and rarefaction the medium undergoes vibration along
with temperature and pressure change. When a gas carrying a wave is brought in contact with a solid surface, it
absorbs the heat as the gas gets compressed. Since the specific heat capacity of solids is generally quite greater than
that of fluids, the solid absorbs heat without much change in its temperature. Similarly, it rejects heat to the gas
molecules nearby during expansion, thus maintaining stable temperature. If pressure of medium is high temperature
difference obtained is higher between solid and gas. If continuous constant frequency vibration (by means of sound
waves) is supplied to the gas in a tube with one end (reflector end) close, the reflected and the originally supplied
sound waves will interfere with each other. If the length of the tube is selected equal to the resonating length, a
standing wave is obtained. The pressure amplitude thus obtained is high and causes high temperature gradient. In the
case of tube with one end open, length of tube required to sustain resonance should be equal to odd integrals of
λ/4.[1]
II. DESIGN PLAN
We begin by designing the stack which forms the most important part of the system and then try to optimize it. The
basic motive is to maximize the coefficient of performance which is defined as the ratio of heat pumped to the
acoustic power used by the stack. The design of thermo acoustic refrigerator aims at meeting the requirements of
given cooling power Qc and a given low temperature T c .

Figure1. 2D diagram of thermoacoustic refrigerator [2]
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A simple diagrammatic representation can be shown as per the figure above [2]. The arrangement consist of an
acoustically resonant tube which consists of a gas medium (air, helium or any inert gas etc), a stack designed by a
foundation of layered parallel plates and two heat exchangers on either side of stack. A loud speaker is attached on
one side of resonator tube as an acoustic source and the other end is closed. Heat generated by the stack is pumped
up the tube in such a way that cold heat exchanger becomes colder and hot heat exchanger becomes hotter. This is
the theoretical principle over which the concept of thermo acoustic refrigerator is based on following ahead we
would try to study the mathematical aspect to give the concept a scientific and technical approach.
Table 1.Operation, working gas, and stack parameters that can be used
Operation parameters
Working Gas Parameters
Operating frequency: f
Average pressure: pm
Dynamic pressure amplitude: p0
Mean temperature: Tm

Dynamic viscosity: µ
Thermal conductivity: K
Sound velocity: a
Ratio of isobaric to
Isochoric specific heats: ϒ

STACK

``

Material

Geometry
Length: Ls
Stack center position: xs
Plate thickness: 2l
Plate spacing: 2y0
Cross-section: A

Thermal conductivity: Ks
Density: ρs
Specific heat: cs

The boundary-layer and stack approximations Assumed [2]:
1. To keep the pressure and velocity approximately constant over the stack length reduced acoustic
wavelength is greater than stack length: λ/2Π >>Ls.
2. To simplify Rott’s functions by setting complex hyperbolic tangents equal to one we assume that thermal
and viscous penetration depths are smaller than spacing in stack. [2]
3. The temperature difference is smaller than the average temperature: ∆T m<<Tm, so that the thermo physical
properties of the gas can be considered as constant within the stack.
To make calculations easier normalization of parameters is done. The length and position of the stack can be
normalized by λ/2Π. The thermal and viscous penetration depths can be normalized by the half spacing in the stack
y0. The cold temperature or the temperature difference can be normalized by T m.
The performance of the stack is expressed in terms of the coefficient of performance [2]:
COP=
2.1 Thermal and Viscous Penetration Depths–
Thermal penetration depth is the distance in the gas from stack surface up to which the heat the heat can diffuse. It
indicates the region in gas where the molecules take part in the thermo acoustic effect [1].
The thermal penetration depth is given by

….
(1)
This thermal penetration depth extends on both sides of the stack material.
However, there are some energy losses near the solid surface. This is because viscous stresses are produced during
the oscillations of the fluid [5]. This generally occurs in the volume up to distance from the surface equal to the
viscous penetration depth [4] given by

….

(2)

Where, 𝜅 = thermal conductivity of the gas
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𝜌 = density of the gas
𝐶𝑝 = specific heat at constant pressure
𝜔 = angular frequency of the sound wave
2.2 Resonator –
The resonator is directly designed as per the stack measurements in such a way that the dimensions and the losses
during heat pumping are optimal. The resonator is said to be optimal if it is compact, light and strong enough.
Resonating frequency and losses at the wall of resonator are the parameters used to determine the shape and length
of resonator. The sectional area A of the resonator at the stack location is determined in the preceding section. The
acoustic resonator can have a length of λ/2 or a λ/4 [2].

Figure 2. Graph for COP vs. Stack length [2]
The cooling power, acoustic power and performance are maximum of the stack at centre position as it is a function
of normalized stack length.
The losses take place inside the thermal and viscous penetration depths due to thermal and viscous relaxation. In the
boundary-layer approximation, the acoustic power lost per unit surface area of the resonator is given by

The kinetic energy lost due to viscous shear is represented by the first term on right hand side. Loss due thermal
relaxation is represented by second term on right hand side. Since the total dissipated energy is proportional to the
wall surface area of the resonator, a λ=4-resonator will dissipate only half the energy dissipated by a λ=2-resonator.
Hence a λ=4-resonator is mostly used. Hofler [3] showed that instead of continuous diameter tube if the right hand
side part diameter of resonator to stack is lowered compared to left hand side diameter the performance is optimized.

Figure 3. Change in diameter of Resonator [2]
2.3 Heat Exchangers–
The efficiency of thermo acoustic cooling process can be increased by using heat exchangers. Implementation of
heat exchanger is a critical task in the design of heat exchanger. Very less research is available about heat transfer in
oscillatory flow with zero mean velocity. Hence this steady flow design cannot be applied directly in the case of heat
exchangers. Due to which some groups are using flow visualization techniques and simulations but the flow patterns
obtained are also very complicated and difficult to read [2].
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2.4 Cold Heat Exchanger–
As the right hand side of the stack cools down so a cold heat exchanger is essential for good thermal contact
between cold side of stack and small tube resonator. An electric heater is used to measure the cooling power at the
cold heat exchanger. The length of heat exchanger depends upon the distance over which heat is transferred by gas
medium. The optimum length signifies peak-to-peak displacement of the gas at the location where cold heat
exchanger is placed. The porosity of heat exchanger must match the porosity of stack so that the possible entrance of
the gas from stack to cold heat exchanger or vice versa is avoided. This implies that the blockage ratio to be used in
design of cold heat exchanger should be 0.75.Similarly as the heat is dissipated; acoustic power is also dissipated in
cold heat exchanger.

2.5 Hot Heat Exchanger–
Hot heat exchanger proves an essential part as it as it removes the heat pumped by the stack and forwards it to the
circulating cooling water. As discussed earlier the optimal length of the heat exchanger is equal to the peak to peak
displacement amplitude of the gas at the location of the heat exchanger. But since the hot heat exchanger has to
reject heat nearly twice the heat supplied by the cold heat exchanger, the length of the hot heat exchanger is
suggested to be twice that of cold heat exchanger.
2.6 Stack–
Stack forms the integral part of the thermo acoustic refrigerator. Researchers have been keen in developing various
designs to get improved performance simplicity of manufacturing and cost effectiveness. Also various geometries
have been developed over the years such as parallel pate type, spiral type, pin array type etc. The parallel plate type
of stack geometry using Mylar as a material is shown a below [1].

Figure 4. Parallel Plate Mylar Stack [1]
As the designs have been devised we try to implement results by changing the material of stack and try to implement
them and determine their effectiveness. Following are some listed materials which could be used for
experimentation depending on their thermal conductivity.
2.7 Different Materials for Stack–
Table -2 Material, their Thermal Conductivity and Specific Heat
Material
Thermal conductivity (W/m-K) Specific heat capacity(kJ/Kg-K)
Cork
0.07
1.9
Leather
0.14
1.5
Mylar
0.16
1.2
Plywood
0.13
0.545
Poly isoprene hard rubber
0.16
1.19
Tar
0.19
1.47
The above materials were selected for experimentation purposes keeping in mind its environment friendliness, cost
& availability.
2.8 When Air Is Used As Working Medium
As the design was changed, then the material was changed also other section was to find out what effects in COP
was seen when the working medium was changed. The following are the effects over the COP when experimented
under atmospheric air as the working medium (optimum results were obtained when the medium was helium gas).
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2.9 Effects on COP–
COP of the refrigerator is found out to be directly proportional to the heating load and inversely proportional to the
acoustic power which is supplied to the acoustic driver. COP of system increases when increase in heating load and
decreases at higher acoustic power [6] as shown graphically below.

Figure 5. Variation of COP with Heating Load for Different acoustic power [6]
III. CONCLUSION
The design strategy of thermo acoustic refrigerator was discussed briefly. The review on optimized design was
elaborated. Different materials were suggested for the experimentation on thermo acoustic refrigerator stack. Effects
of air as working medium on COP of refrigerator was shown. The objective to develop an environment friendly
system with cheap cost and maximum efficiency were viewed.
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