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Abstract— The objective of this project is to fabricate a 

thermoacoustic prime mover that can be used as a drive for a 

thermoacoustic refrigerator and compare with theoretical 

results from Delta Ec. The thermoacoustic prime mover is 

part of an interesting class of prime movers that can be used 

to generate clean energy and to drive cryogenic refrigeration 

systems. A thermoacoustic prime mover has been built 

based on the linear thermoacoustic model, which consumes 

thermal energy and produces acoustic energy. A resonator of 

inner diameter 0.038 m and outer diameter 0.042 m was 

taken for open end system research. The stack length of 

0.05m positioned at from the left end (closed end) of the 

TAPM 0.06 m resonator lengths 0.4, 0.5 and 0.8 m were 

selected to conduct the fabrication. The plates of two 

different thicknesses 0.0005 m and 0.0003m were taken for 

assembling the stack by separating each other by two 

different plate spacing 0.0005 m and 0.0003m thin spacers. 

The heat exchangers were made of copper plates with two 

different thicknesses 0.0005 m and 0.0003m with the 

corresponding plate spacing of stack. The TRA consists of 

tapered section was made out of copper block with a taper 

angle of 30o to cut short the connection. The bottom side of 

the taper was welded to the small diameter tube which was 

made of stainless steel. The inner and outer diameter of the 

tube was 0.02 m and 0.024 m respectively. This 0.2 m 

length smaller diameter tube was welded with the buffer 

volume made of stainless steel it has a volume of one litre, a 

wall thickness of 0.0002 m and a length of 0.25 m. To 

assure low thermal conductivity, Photographic film material 

was chosen. The length of the stack made of photographic 

film 0.035m. 

Key words: Thermoacoustic Refrigerator, TRA, Stirling 

Cycle, Thermoacoustic Prime Mover, Thermoacoustic 
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I. INTRODUCTION 

In recent years there has been a rapid development in the 

field of thermoacoustic technology, the science which deals 

with sound and heat conversion. Modern research of 

thermoacoustic systems is largely based on the work of Rott, 

Steven Garrett and Greg Swift, in which linear 

thermoacoustic models were developed to form a basic 

quantitative understanding and numeric models for 

calculation. Rott [1] was able to derive equations specific 

for thermoacoustics, using fluid’s Navier–Stokes equation. 

Swift [2] continued with these equations, deriving 

expressions for the acoustic power in thermoacoustic 

devices. 

 Research in thermoacoustics has been booming in 

the past three decades. Thermoacoustics refers to the 

production of acoustic waves by the way of heat transfer or 

the converse, that is, acoustically induced heat gradients. 

This process is accomplished by the use of a resonance tube 

with one end open and one end closed or two ends closed, 

where the acoustic waves are observed. Thermal effects 

between oscillating fluids and solid surfaces cause a 

thermoacoustic effect. Some reasons for the increasing 

interest in thermoacoustics is its lack of discharge of exotic 

materials, low cost, and high reliability; another reason is 

that the oscillating gas flow from a thermoacoustic prime 

mover can be used directly to drive a pulse tube cooler to 

realize a cooling system without any moving part. 

Mechanical friction and wear are reduced drastically due to 

the absence of moving parts, requiring minimal maintenance 

by which the lifespan of the devices are increased. 

 Though extensive studies have been carried out and 

reported in the case of open-end thermoacoustic prime 

movers, the basic working of the individual components of 

the thermoacoustic prime mover has to be realized wholly. 

The above-cited literature has not reported the combined 

effect of geometrical parameters, such as plate thickness, 

resonator length, and stack length, and an attempt has been 

made in the present investigation to analyze the performance 

of the thermoacoustic prime mover by varying the 

abovementioned variables. The main objective of the 

present investigation is (1) to assess the performance of the 

open-end standing-wave thermoacoustic prime mover 

measured in terms of onset temperature difference, 

operating frequency, and pressure amplitude by varying 

geometrical parameters, such as stack length, resonator 

length, and plate thickness; (2) to understand the basic 

concepts in designing the thermoacoustic prime mover. 

II. PROBLEM STATEMENT 

A. Necessity of fabrication of TAR 

The present work was primarily motivated by environment 

friendly method of producing cooling effect. There is no 

such that ozone layer depleting and global warming 

potential gases. 

B. Methodology of work 

To achieve the above mentioned objective, the work is split 

into various stages. Initially, has to build the open end 

thermo acoustic prime mover (TAPM). Then have to check 

that the required frequency produced. If it has produced, 

move to the next step or to check same to get required 

frequency. 

 
Fig. 3.1: both end closed TAPM 

 Next stage of the work has to build the both end 

closed thermo acoustic prime mover (TAPM). It consists of 
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two electric heater with both ends closed. Again, it has to 

check to gives required frequency or not. If it has given 

required frequency such that 600Hz, then move to next 

stage. 

 Last stage of the work is to build the thermo 

acoustic refrigerator. It consists of two heat exchangers and 

one stack. The heat exchanger was made the copper sheets 

with thickness of 1mm and stack was made photographic 

film. Both are in cylindrical shape with 1mm space. The 

space is maintained by nelyon wire. 

 
Fig. 2.2: TAR 

III. THEORY OF THERMOACOUSTICS 

The main components of thermoacoustic engine are heat 

exchangers, the stack, and the resonator. Heat exchangers 

are the least understood components of thermoacoustic 

devices in which the optimum length of heat exchanger is 

approximately equal to the peakto- peak displacement 

amplitude at the heat exchanger location [12]. The function 

of the heat exchanger in a thermoacoustic engine is to 

transfer the time-averaged heat from an external source of 

heat to the working fluid or from the working fluid to the 

external heat sink, used to maintain the temperature gradient 

across the stack [13]. These are positioned at both the end of 

the stack in which the hot heat exchanger present at the left 

side of the stack supplies heat to one end of the stack and the 

ambient heat exchanger present at the other end extracts heat 

from the stack. Heat transferred by an ambient heat 

exchanger in a thermoacoustic engine is smaller than that of 

heat transferred by hot heat exchanger, which is always 

nearer to pressure antinode. 

 One of the key components in a thermoacoustic 

engine is resonator in which prolongation of resonator leads 

to a decrease of working frequency and increase in the 

stack’s hot end temperature to generate oscillations. In 

general, the quarter-wavelength resonator is mainly used to 

conduct experiments for standing-wave thermoacoustic 

engines to decrease the acoustic power loss [14]. A linear, 

cylindrical resonator pipe without misalignments and abrupt 

transitions is selected for the system to avoid unwanted 

eddying. The stack is the heart of standing-wave engines, 

where the thermoacoustic cycle is generated and provides 

solid heat capacity and large cross-sectional area to maintain 

a good thermal contact between the gas medium and stack. 

Plates are separated from each other by thin stainless-steel 

sheets to allow the gas to flow in between the spaces. The 

parallel-plate geometry of the stack is relatively easy to 

fabricate compared to other stack geometries, and it has the 

best theoretical efficiency compared to all geometries except 

the pin array. Air is used a working fluid, and the 

thermophysical properties of air are noted for mean 

temperature of gas at stack. The desired heat input power, 

temperature difference between the hot heat exchanger, 

ambient heat exchanger, and critical temperature gradient of 

the system are some of the items selected for the design of 

system. 

A. Thermoacoustic Heat Engines (TAPM) 

The thermal-to-acoustic energy conversion occurs when 

heat is added to the acoustically oscillating fluid in phase 

with the acoustic pressure oscillations (Rayleigh criterion). 

The unsteady heat release inside acoustic resonators can 

lead to highly intensive sound, which are one of the reasons 

for rocket motor malfunctioning. However, thermoacoustic 

instabilities can be controlled, and acoustic energy can be 

produced and harnessed in Thermoacoustic Engines. A 

schematic of a standing-wave engine is shown below (a). 

The heart of thermoacoustic engines is the stack (made of 

porous material), where acoustic power is generated in the 

presence of externally maintained temperature gradient. At 

the proper location of the stack inside the resonator, the heat 

is transported to the gas parcels oscillating in the 

fundamental acoustic mode (b) at the time of their 

compression and extracted at the time of rarefaction (c). 

Besides simple standing-wave engines, more complicated 

and more efficient travelling-wave and cascade engines 

were developed at Los Alamos that demonstrated the 

second-law efficiencies up to 41%. 

B. Thermoacqustic Refrigerator (TAR) 

Thermoacoustics combines the branches of acoustics and 

thermodynamics together to move heat by using sound. 

While acoustics is primarily concerned with the 

macroscopic effects of sound transfer like coupled pressure 

and motion oscillations, thermoacoustics focuses on the 

microscopic temperature oscillations that accompany these 

pressure changes. 

 Thermoacoustic refrigeration systems operate by 

using sound waves and a non-flammable mixture of inert 

gas (helium, argon, air) or a mixture of gases in a resonator 

to produce cooling. Thermoacoustic devices are typically 

characterised as either ‘standing-wave’ or ‘travelling-wave’. 

A schematic diagram of a standing wave device is shown in 

figure 1. The main components are a closed cylinder, an 

acoustic driver, a porous component called a "stack, and two 

heat-exchanger systems. Application of acoustic waves 

through a driver such as a loud speaker makes the gas 

resonant. As the gas oscillates back and forth, it creates a 

temperature difference along the length of the stack. This 

temperature change comes from compression and expansion 

of the gas by the sound pressure and the rest is a 

consequence of heat transfer between the gas and the stack. 

The temperature difference is used to remove heat from the 

cold side and reject it at the hot side of the system. As the 

gas oscillates back and forth because of the standing sound 

wave, it changes in temperature. Much of the temperature 

change comes from compression and expansion of the gas 

by the sound pressure (as always in a sound wave), and the 

rest is a consequence of heat transfer between the gas and 

the stack. 

 In thermo acoustic devices, an acoustic wave 

interacts with a porous solid material either to produce 

acoustic power, induced by a temperature gradient imposed 

on the solid, or to obtain a temperature gradient along the 

solid, induced by an imposed acoustic wave. The technology 
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is based on the thermo acoustic effect whereby appropriately 

phased pressure and velocity oscillations enable the 

compressible fluid to undergo a thermodynamic cycle 

(similar to a Stirling cycle) in the vicinity of the solid 

material. These processes have been utilised in thermo 

acoustic engines and coolers. Their advantages are the lack 

of moving parts and construction simplicity: the conversion 

between thermal and acoustic energies is realised by an 

oscillating gas, without the need for piston-cylinder 

arrangements, sliding seals or harmful working 

fluids. Figure below shows a schematic of a quarter-

wavelength, standing-wave device working as a refrigerator 

thanks to the acoustic power input, Wac. 

 
Fig. 3.1: Schematic of a thermo acoustic standing-wave 

cooler arrangement and explanation of heat pumping effect. 

IV. FABRICATION OF TAR 

 
Fig. 4.1: Experimental setup of open end standing wave 

thermoacoustic prime mover 

 Fig. 4.1 illustrates the arrangement of experimental 

setup of open end standing wave thermoacoustic prime 

mover and also the location of pre calibrated K- type 

thermocouples (T1, T2, and T3), pressure transducer (P) and 

microphone (M) in the system. Experimental system can be 

split up into compliance, stack, heat exchangers, resonator, 

data acquisition system and electric heater attached with 

transformer. 

 A resonator of inner diameter 0.038 m and outer 

diameter 0.042 m was taken for open end system research. 

The performance of an open end thermoacoustic prime 

mover may be accessed by varying five different variables 

such as stack position, stack length, resonator length plate 

spacing and plate thickness. The stack of different lengths 

such as 0.05, 0.06, 0.07, and 0.09 m positioned at various 

locations from the left end (closed end) of the 

thermoacoustic prime mover such as 0.06 m, 0.08 m, 0.1 m, 

0.12 m, 0.14 m, 0.16 m with different resonator lengths such 

as 0.2, 0.3, 0.4, 0.5 m were selected to conduct the 

experiments. The plates of two different thicknesses such as 

0.0003 m and 0.0005 m were taken for assembling the stack 

by separating each other by two different plate spacing such 

as 0.0003 m and 0.0005 m thin spacers. The heat exchangers 

were made of copper plates with the thickness 0.0005 m 

with the corresponding plate spacing of stack. The length of 

the heat exchanger was taken as 0.020 m. The number of 

plates in stack and heat exchanger was calculated using the 

method adopted by Wu et al. (2009).  The stack was 

arranged in the form of parallel plate type to avoid axial heat 

transfer which allowed the gas to flow in a direction 

perpendicular to the surface of wall. The heat exchangers 

can be positioned in the form of right angles with the stack 

plates, which maximized the fluid flow out of stack by 

ensuring that heat exchanger plates do not block the gaps 

between the stack. The cross sectional view of the stack is 

shown in Fig. 4.2. 

 An electric heater was located over the compliance, 

where the heat exchanger was placed to supply heat to left 

end of the stack. Temperature controlling unit and variable 

voltage transformer was used to control the input power 

supplied to heater present at the hot end side. Maximum 

heating temperature was limited to around 950 K because of 

maintaining the structure and brazing at hot heat exchanger. 

The specification of heater was 30 V and 360 W. In order to 

reduce the radiation heat loss over the hot heat exchanger it 

was well wrapped with ceramic wool, thermal insulator. 

Cooling water jacket was mounted over the cold heat 

exchanger, which was attached to the other end of the stack 

to remove heat from the stack thereby creating a temperature 

gradient across the stack. This temperature gradient across 

the stack made the system to generate oscillations. 

Experiments were performed for different parameters at 1 

atm pressure. The photographic view of standing wave 

thermoacoustic prime mover is presented in Fig. 4.3. 

 
Fig. 4.2: Cross sectional view of stack 

 
Fig. 4.3: Photographic view of standing wave 

thermoacoustic prime mover 

 Data acquisition system includes thermocouples, 

microphone coupled with amplifier, pressure transducer, and 

digital storage oscilloscope. The frequency and pressure 

amplitude of the acoustic waves generated from the 

thermoacoustic prime mover was measured using 

microphone (M) and GEFRAN made pressure transducer 

(P) with the time response less than 1 millisecond 

respectively. The microphone and pressure transducer were 
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coupled to digital storage oscilloscope which was capable of 

measuring upto 25 MHz. The K-Type thermocouples were 

used to measure the temperature at different location namely 

hot heat exchanger (T1), cold heat exchanger (T2), and 

middle of the resonator (T3). 

A. Experimental Procedure 

Experiments were conducted using all the variables in an 

open end thermoacoustic prime mover. The main purpose is 

to observe the performance of open end thermoacoustic 

prime mover in terms of onset temperature difference, 

pressure amplitude and frequency of oscillations generated 

from thermoacoustic engine. The heater was embedded over 

the compliance section where the heat exchanger was placed 

and the voltage to the ceramic band heater was adjusted 

using variable voltage transformer to maintain temperature 

at the hot end side from which the heat was supplied to 

stack, where the thermoacoustic conversion occurs. 

Experimental uncertainty was calculated using Coleman and 

Steele (1989) method, and ANSI/ASME standard (1986). 

The uncertainty for thermocouple and pressure transducer 

was estimated as a maximum of 0.78% and 2.08% 

respectively. 

B. Twine End Fabrication 

The experimental setup of twin thermoacoustic prime mover 

was assembled. The pictorial representation of the twin 

standing wave thermoacoustic prime mover and the location 

of precalibrated K- type thermocouples (T1, T2, T3, T4 and 

T5), pressure transducer (P) and microphone (M) are shown 

in Fig. 6.4. Similar to that of open end thermoacoustic prime 

mover, twin thermoacoustic prime mover experimental 

system includes the compliance (hot buffers), hot heat 

exchangers, stacks, ambient heat exchangers which were 

symmetrically arranged on either sides of resonator. The 

photographic view of the assembled twin standing wave 

thermoacoustic prime mover is shown in Fig. 6.5. 

 
Thermocouple at Hot heat exchanger (T1, T5), Cold heat 

exchanger (T2, T4), Middle of the resonator (T3), P-

Pressure Transducer, M-Microphone coupled with amplifier 

Fig. 4.4: Pictorial representation of twin thermoacoustic 

prime mover 

 
Fig. 4.5: Photographic view of twin standing wave 

thermoacoustic prime mover 

 The heat exchangers made of copper were placed at 

both the ends of stack, which is made of stainless steel 

plates of 0.0005 m plate thickness. From the experimental 

findings of open end thermoacoustic prime mover, it was 

found that spacing of 0.0005 m achieved the oscillations at 

earlier temperatures which produced the acoustic waves of 

higher pressure amplitude with desired operating frequency. 

Also in the twin experimental system, heat exchangers and 

stack were arranged in parallel plate geometry and both 

were assembled perpendicular to each other to prevent the 

blockage of heat and fluid flow. 

 The two ceramic band heaters of 360 W and 30 V 

were mounted at both the compliance sections where the hot 

heat exchangers were placed. The transformer was used to 

supply the electric voltage to the heater. To reduce the heat 

loss by convection and radiation, the heater was insulated by 

several layers of ceramic wool and aluminium foil at both 

the ends. External wall of cold heat exchanger was cooled 

by running water to extract heat from the stack. Like open 

end thermoacoustic prime mover, a 0.038 m inner diameter 

resonator was fabricated using stainless steel tube of various 

lengths such as 0.5, 0.6, 0.8, 1.1 and 1.4 m along with 

stainless steel end flanges at both the ends of resonator. 

Stack with the length of 0.05 m was positioned at a distance 

of 0.08 m from the closed end at both the sections of 

thermoacoustic drive. When the temperature of the stack’s 

hot end reached an onset value, the acoustic waves 

generated. The temperatures were measured using K-type 

thermocouples which were placed at hot (T1, T5) and 

ambient heat exchanger (T2, T4) of both the sections and 

also in middle of the resonator (T3). GEFRAN made 

pressure transducer (P) with the time response less than 1 

millisecond was mounted near the cold exchanger for 

pressure amplitude measurements because the oscillating 

pressure amplitude was higher at this position due to the 

effects of gas viscosity (Shen et al. (2009)). Microphone 

coupled with amplifier (M) was also fitted in the system for 

observing the characteristics of oscillations. The microphone 

and pressure transducer were coupled to digital storage 

oscilloscope. Variables such as resonator length and 

working gases namely nitrogen, argon and helium of 

different pressures were incorporated in the experimental 

system to investigate the performance of twin standing wave 

prime mover. 

 Experimental uncertainty was calculated using 

Coleman and Steele (1989) method, and ANSI/ASME 

standard (1986). The uncertainty for thermocouple and 

pressure transducer was estimated as a maximum of 0.78% 

and 2.08% respectively. 

1) Safety precautions: 

The ceramic band heater should be properly fitted over both 

the compliance sections and it should be tightly fixed 

without any interface. The heater were properly insulated 

with the layers of ceramic wool and further wrapped by 

aluminium foil to assure the negligible heat loss. The 

resonator with end flanges must be connected firmly with 

the compliance section to prevent the gas leakage. While 

conducting each and every runs the experimental system 

was perfectly evacuated using vacuum pump to remove the 

traces of unwanted air or other gases and the fresh gases was 

charged into the system to carry out the experiments.  Two 

measurement devices were used namely thermocouples and 

pressure transducer. These devices were perfectly calibrated 
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before incorporating into the experimental setup for their 

measurements. Measurement range of thermocouple is from 

-50oC to 1300oC; the accuracy of the thermocouple 

including thermocouple error is  0.3% with 1oC. GEFRAN 

transducers are calibrated precision pressure calibration 

equipment which is traceable to international standards. 

Uncertainty was calculated as 2.08%. Accuracy:  0.25% 

FSO. Resolution: 6 mV (voltage output) and 12 μA (current 

output). The time response of the pressure transducer is <1 

msec. The resonator should be of sufficient thickness which 

was calculated using hook stress to prevent bursting due to 

high working fluid pressure (Swift, 2002). 

C. Experimental Procedure 

The ceramic band heater was mounted on both the 

compliance sections where the heat exchanger was present. 

The electric voltage from the variable voltage transformer 

was supplied to the heater. The temperature at the 

compliance zone started increasing when the heater was 

switched on.  The heat from the hot heat exchanger present 

in the compliance section w thermoacoustic prime mover as 

transferred towards the left end of the stack. Temperatures at 

both the sections of thermoacoustic prime mover were 

increased simultaneously. The acoustic waves were 

generated from twin thermoacoustic prime mover when the 

temperature of the stack’s hot end reached an onset value. 

The characteristics of the oscillations generated from the 

twin thermoacoustic prime mover and the temperature 

difference required to produce the oscillations were 

measured using pressure transducer and K - type 

thermocouples respectively. Then the heater was switched 

off and allowed the system to bring down at room 

temperature. This procedure was followed for the variables 

such as resonator length and charge pressures of three 

different working gases namely nitrogen, argon and helium 

in the experimental system to investigate the performance of 

twin standing wave thermoacoustic prime mover. 

D. Components of Thermoacoustic Refrigerator 

The thermoacoustic refrigerator consists of parts such as 

acoustic source (twin thermoacoustic prime mover), heat 

exchangers, stack, resonator, and working fluid. 

1) Working Fluid: 

To design and develop a thermoacoustic refrigerator, the 

first step is to select the working gas medium and its 

operating pressure. From the physical properties of the 

working gas medium, the other structural parameters of the 

experimental system can be designed. The average pressure 

of the working fluid should be apparently higher, because it 

is directly proportional to the power density and inversely 

proportional to the thermal penetration depth of 

thermoacoustic refrigerator.  The ratio of dynamic pressure 

amplitude to that of mean pressure is called as Drive ratio, 

which should be low to avoid acoustic non linearities like 

turbulence and streaming. For thermoacoustic refrigeration 

system, helium is acts as a working fluid. 

2) Stack: 

The acoustic wave oscillations are converted into 

temperature gradient inside the stack, in which the material 

selected for preparing stack should have low thermal 

conductivity and higher heat capacity than gas. The stack 

with a larger heat capacity is less affected by the 

temperature oscillations of the nearby gas because it allows 

the temperature gradient along the stack walls to remain 

steady. The size and shape of the channels is mainly 

affecting the efficiency of thermoacoustic refrigerator. The 

stack may be designed in different porous structures like 

parallel plates, pin array, circular pores, honey comb, spiral, 

etc. In designing the stack of thermoacoustic refrigerator, 

spiral stack makes the fabrication easier. This spiral wound 

stack is approximated as parallel plate stack. The spacing 

between the stack is dependent on thermal penetration 

depth. The stack spacing should be neither too small nor too 

big to maintain a perfect thermal contact between the gas 

and stack to achieve thermoacoustic oscillations. Two to 

four times of thermal penetration depth is maintained for 

producing good thermoacoustic effects. The equations 

relating to acoustic power and total power for refrigerator is 

similar to that of prime mover. The stack length and its 

position is determined from the known frequency, acoustic 

power and total power flow equation by plotting the graph 

between COP and normalized stack center position with the 

help of above two equations. These equations are arrived by 

using two approximations namely short stack and boundary 

layer approximation. It assumes that (i) the stack length is 

lesser than the reduced acoustic wavelength of refrigerator’s 

operating frequency, so that the acoustic field is considered 

to be undisturbed by the presence of stack with pressure and 

velocity of fluid as constant over the stack (No 

thermoacoustic effects occurs within the stack if pressure is 

constant) (ii) The spacing between the stack is higher than 

the thermal and viscous penetration depths which leads to 

the simplification of Rott’s functions (iii) Taking into 

account of fluid’s thermophysical properties as constant, the 

average temperature is higher than the temperature 

difference across the stack. 

3) Resonator: 

The effective length of the resonator must be inversely 

proportional to operating frequency. The equation for the 

frequency of a wave traveling through a quarter wavelength 

resonator is given by: 

L4
F


   (6.1) 

 Before selecting the material for resonator, the 

three main properties must be taken into consideration. They 

are mechanics, acoustics and heat transfer. Mechanical 

strength represents that the resonator material must be 

strong and impervious enough to withstand the gas at the 

maximum pressure. Acoustically, the resonator material of 

large impedance should be chosen so that the working gas 

takes it as a rigid boundary, and the acoustic pressure wave 

losses are infinitesimal. An acoustically reflective material 

with low thermal conductivity should be chosen for the 

resonator to prevent heat leaking from the hot side of the 

resonator back to the cold side. In order to avoid the thermal 

relaxation and viscous dissipation losses along the boundary 

layer, shorter and smaller resonators are used. To increase 

the efficiency of thermoacoustic refrigerator, the surface of 

the resonator should be reduced. This can be achieved by 

using quarter wavelength resonator and smaller diameter 

resonator at cold end of the stack.  At the same time 
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maximum cooling power from thermoacoustic refrigerator is 

obtained only when the system operates under higher 

pressures. Due to the conflict from the above two points for 

increasing the efficiency of thermoacoustic refrigerator, a 

buffer volume of larger capacity is enclosed at one end of 

the resonator, thereby the resonator will act in between 

quarter and half wavelength mode and the system may 

operate under pressures. 

4) Heat Exchangers: 

To transfer the energy across the stack of thermoacoustic 

refrigerator, heat exchangers are necessary. The smaller 

diameter resonator at the right end of the stack cools down 

so a heat exchanger is necessary to maintain a perfect 

thermal contact between the stack and resonator. The length 

of the heat exchanger is determined by peak-to-peak 

displacement of the gas at the cold heat exchanger location 

which is given by 

)sin(
0

1 kx
a

p
x

m
  (6.2) 

 For the uniform flow of fluid the porosity of heat 

exchangers must be similar to that of stack. The heat 

exchanger present in the left side of the stack, which is 

nearer to the acoustic source is necessary to remove the heat 

pumped by the stack and to reject it to the surroundings. 

Compared to cold heat exchanger, the hot heat exchanger 

has to reject double the amount of heat from the stack, so the 

length of the hot heat exchanger must be two times than that 

of cold heat exchanger. 

E. Fabrication of Thermoacoustically Driven 

Thermoacoustic Refrigerator 

The main objective of the research is to design a 

thermoacoustic refrigerator driven by twin thermoacoustic 

prime mover. The research focuses on running a 

thermoacoustic refrigerator with 460 Hz operating 

frequency. From the experiments conducted on twin 

thermoacoustic prime mover, it was found that experimental 

system of twin thermoacoustic prime mover with 0.8 m 

resonator length was producing the acoustic wave of 

working frequency 460 Hz using helium as a working fluid 

at 1 MPa charge pressure. By keeping this twin 

thermoacoustic prime mover as a sound source, the 

thermoacoustic refrigerator was fabricated. The whole 

section of thermoacoustic refrigerator consisting stack 

holder, tapered section for mounting heat exchangers, and 

resonator fitted with buffer volume is shown in Fig. 6.6. The 

stack holder used for this refrigerating section was made of 

nylon rod which possess low thermal conductivity and rigid 

in nature. The inner diameter of stack holder was 0.038 m, 

and the outer diameter was 0.042 m. The length of stack 

holder was 0.05 m. Stack holder consisted of two flanges for 

connections to both the tapered sections where hot and cold 

heat exchangers were present. The stack holder was attached 

to the flanges of tapered sections via four Hex 0.004 m 

Stainless steel bolts on both the end flanges. Rubber O-ring 

was mounted on both the flanges of tapered sections for 

sealing, where the heat exchangers were present, as this joint 

was at room temperature. 

 
Fig. 4.6: Schematic representation of Thermoacoustic 

Refrigeration Section 

 The tapered section at both the sides of stack holder 

comprises the contraction part in which one section was 

connected to twin thermoacoustic prime mover and the other 

section was connected to the small diameter tube as shown 

in Fig. 4.10. The tapered section was made out of copper 

block with a taper angle of 30o to cut short the connection. 

The bottom side of the taper was welded to the small 

diameter tube which was made of stainless steel. The inner 

and outer diameter of the tube was 0.02 m and 0.024 m 

respectively. This 0.2 m length smaller diameter tube was 

welded with the buffer volume made of stainless steel as 

shown in Fig. 6.10. It has a volume of one liter, a wall 

thickness of 0.0002 m and a length of 0.25 m. To assure low 

thermal conductivity, Mylar and photographic film material 

was chosen. Because of the difficulty of construction and 

the fragility of the parallel-plate stack suggested by Tijani 

(2001), the spiral stack was made by winding a long sheet 

around a pencil rod for the present research with two 

different plate spacing. The spacing between the spiral stack 

was achieved by nylon line spacers pasted on the surface of 

the stack sheet and the fabricated spiral stack with the given 

spacing were approximately considered as the parallel-plate 

channels. Four spiral stacks of two different stack materials 

were constructed with a spacing 0.0004 m and 0.0008 m. 

The construction methodology of the spiral stack is briefly 

described in the subsequent sections. The spiral stack 

consists of a Mylar sheet and photographic film rolled 

around a support pencil-rod with the given spacing into a 

spiral. A parallel plate structure was realized between the 

layers of the spiral by using nylon line spacers of 0.0004 m 

diameter. The thickness of mylar sheet is 0.0001 m and 

photographic film is 0.00014 m. In center a pencil-rod of 

0.008 m diameter had been used for the internal windings. 

Throughout the sheets and photo film, nylon line of 0.0004 

m was winded to form a spiral stack with uniform spacing. 

Two stacks had been fabricated with the same spacing and 

different length. The same procedure was followed for 

fabricating the heat exchangers. Next the nylon line spacers 

of 0.0008 m diameter were used for making the stacks. 

Totally four different stacks were made for analyzing the 

performance of thermoacoustic refrigerator. The schematic 

representation of parallel plate stack and spiral stack are 

presented in Fig. 4.7. 

 
Fig. 4.7: Schematic representation of parallel plate stack and 

spiral stack 
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 Fig. 4.8 illustrates the experimental setup of 

thermoacoustic refrigerator driven by a twin thermoacoustic 

prime mover. The experimental setup splits up into twin 

thermoacoustic prime mover and refrigerating section. The 

twin thermoacoustic prime mover consists of two sets of 

compliance, hot heat exchanger, stack, ambient heat 

exchanger and a single resonator. Heat exchangers and stack 

were made of copper and stainless steel respectively. From 

the preliminary experiments conducted on twin 

thermoacoustic prime mover, it was found that experimental 

system with 0.8 m resonator length and 0.05 m length of 

0.0005 m thick stainless steel stack spaced by 0.0005 m 

located at a distance of 0.08 m from the closed end of each 

thermoacoustic prime mover was producing the acoustic 

wave of approximately 460 Hz working frequency using 

helium as a working fluid. Therefore, in this study the twin 

thermoacoustic prime mover acts as a sound source for the 

thermoacoustic refrigerator with the operating pressure of 1 

MPa. The setup of thermoacoustic refrigerator consists of 

ambient heat exchanger, stack, cold heat exchangers, and 

resonator fitted with buffer volume as shown in Fig.4.8. The 

stack holder used for this refrigerating section possesses low 

thermal conductivity and it is rigid in nature. The inner 

diameter, outer diameter and the length of stack holder are 

0.038 m, 0.042 m, and 0.05 m respectively. 

 
Fig. 4.8: Schematic representation of thermoacoustic 

refrigerator driven by a twin thermoacoustic prime mover 

 The heat exchangers were placed at both the sides 

of refrigerator stack in which one end was connected to twin 

thermoacoustic prime mover and the other end was 

connected to the small diameter tube welded with buffer 

volume. The inner diameter and outer diameter of the tube 

are 0.02 m and 0.024 m respectively with a length of 0.2 m. 

The volume of the buffer is approximately 1 litre. Due to 

low thermal conductivity, Mylar sheet of thickness 0.0001 

m and photographic film material of thickness 0.00014 m 

were chosen for fabricating stack. The length of the stack 

made of photographic film and Mylar sheet are 0.035 m and 

0.05 m respectively. Because of the difficulty in 

construction and the fragility of the parallel-plate stack 

suggested by Tijani et al. (2001), the spiral stack was made 

with two different plate spacing such as 0.0004 m and 

0.0008 m using nylon line spacers. Four stacks were 

prepared with two different spacing. The width of 

cold heat exchanger and hot heat exchanger made of 0.0001 

m thick copper sheets are 0.005 m and 0.01 m respectively. 

To avoid the heat transfer between the cold end of the stack 

and the whole resonator part with that of surrounding, the 

thermal insulation was made. The refrigerating section was 

coupled perpendicular to the twin TAPM (Jin et al. (2001); 

Tang et al. (2004); Yu et al. (2012)) through a valve as 

shown in the Fig.5.8. The photographic view of 

thermoacoustic refrigerator driven by twin thermoacoustic 

prime mover is shown in Fig.4.9. 

 
Fig. 4.9: Photographic view of thermoacoustic refrigerator 

driven by twin thermoacoustic prime mover 

 The K-type thermocouples were placed at twin 

thermoacoustic prime mover hot heat exchanger (T1, T5), 

ambient heat exchanger (T2, T4) and middle of the 

resonator (T3) to measure the temperatures. Also, two 

thermocouples were placed at the ambient (Tc1) and cold 

(Tc2) end of the stack used in the refrigerator section. The 

pressure amplitude was measured using GEFRAN made 

pressure transducer (P) and the resonance frequency was 

measured using microphone coupled with amplifier (M) 

mounted near the cold exchanger. The measurement devices 

were then connected to a digital storage oscilloscope for 

analyzing the wave form, amplitude and resonance 

frequency. Experimental uncertainty was calculated using 

ANSI/ASME standard (1986) and Coleman and Steele 

method (1989). The uncertainties for thermocouple were 

estimated as a maximum of 0.78%. 

V. RESULTS AND DISCUSSION 

A. Effect of Plate Thickness and Spacing with Different 

Resonator Length on Onset Temperature Difference 

Fig.5.1 presents the relation between onset temperature 

difference and various resonator lengths for different PT and 

PS. Due to the decrease of working frequency, the 

convective heat transfer inside the stack is weakened with 

extend in resonator length. 

 So the onset temperature difference increases with 

increase in resonance tube length with same heating power. 

For both the PT the temperature difference needed for 

initiating oscillations is lesser in 0.5 mm PS than 0.3 mm.  

Either in 0.3 or 0.5 mm PS, the plate count increases for 0.3 

mm plates than 0.5 mm plates which in turn affects the entry 

of gas molecules inside the stack. 

 
Fig. 5.1: Effect of PT and PS on Onset Temperature 

Difference for different resonator length 



Experimental Investigation of Thermoacoustic Driven Thermoacoustic Refrigerator 

 (IJSRD/Vol. 6/Issue 01/2018/030) 

 

 All rights reserved by www.ijsrd.com 123 

 Onset temperature difference is higher in 0.3 mm 

thick plates than 0.5 mm thick plates due to the high heat 

transfer area between stack and gas as result of increased 

number of plates in the stack. When comparing all the three 

parameters in this study, the thickness of the stack plate also 

plays an essential role to produce oscillations from the 

system at a minimum onset temperature difference. Both the 

experimental and theoretical results of onset temperature 

difference are compared in Fig. 5.1, which shows that the 

theoretical results are deviating from the experimental 

results in the range of +10%. 

B. Effect of Plate Thickness and Spacing with Different 

Resonator Length on Frequency 

 
Fig. 5.2: Effect of PT and PS on frequency for different 

resonator length 

 The plot of frequency obtained from the 

experiments with various resonator lengths for different PT 

and PS at 1 atm along with theoretical results is presented in 

Fig 5.2. It describes the variation of frequency for different 

structural parameters of the system. 

 The frequency of waves generated from the engine 

is higher in 0.5 mm thick plates than 0.3 mm thick plates for 

both the plate spacing due to decrease in blockage ratio. The 

working frequency is decreased from 250 Hz to 100 Hz for 

the present system with different variables indicated in Fig 

5.2. The frequency range of 230–250 Hz obtained from the 

experiment is sufficient to drive a thermoacoustic 

refrigerator. 

C. Effect of Normalized Power Acoustic Generated 

Fig. 5.3 presents the relation between the normalized 

acoustic power generated from the thermoacoustic engine 

and resonator length for different PT and PS. The 

normalized acoustic power generated from the engine stack 

is 

 

 
Fig. 5.3: Effect on PT and PS on Normalized Acoustic 

power for different resonator length 

 Calculated using   and it is plotted against various 

resonator lengths. The acoustic power calculated is 

associated with the frequency of acoustic waves. From 

Fig.7.3, it is observed that acoustic power generated from 

0.5 mm PT is higher than 0.3 mm PT for each PS. The 

acoustic power decreases with increase in resonator length 

and increase in PS. In the present study, maximum of 

4.733×105W of normalized acoustic power is generated 

from 0.5 mm PT and 0.3 mm PS with 200 mm of resonator 

length. 

D. Effect of Plate Thickness and Spacing with Different 

Resonator Length on Pressure Amplitude 

The efficiency and the strength of thermoacoustic 

oscillations is studied in terms of pressure amplitude as 

presented in the literature. Fig.5.4 depicts the relation 

between experimental and theoretical pressure amplitude 

with various resonator lengths for different PT and PS. 

 
Fig. 7.4: Effect on PT and PS on pressure amplitude for 

different resonator length 

 The pressure amplitude is found to increase with 

increase in resonator length and PS both experimentally and 

theoretically. The maximum pressure amplitude is observed 

for higher resonator length and PS with 0.3 mm PT, whereas 

the minimum is observed for smaller resonator length and 

spacing with 0.5 mm PT. DeltaEc predicted that the pressure 

amplitude is larger for 0.3 mm PT than 0.5 mm plates and 

similar performance behavior was observed experimentally. 

VI. CONCLUSION 

The Thermoacoustic Refrigeration System consists of no 

moving parts. Hence the maintenance cost is also low. The 

system is not bulky. It doesn’t use any refrigerant and hence 

has no polluting effects. From the case study, it is observed 

that cooling power is dependent on working frequency, 

cooling load and pressure. It is also observed that for best 

performance of the system, it is necessary to choose 

operating parameters wisely. 

 In this study, the theoretical and experimental 

investigations are carried out to examine the influence of 

PT, PS, and resonator length with constant stack length on 

the performance of standing wave thermoacoustic 

primemover. 

 Experiments are conducted to observe the system 

performance in terms of onset temperature difference 

frequency, and pressure amplitude. 

 The experimental results showed that the PT of 0.3 mm 

yielded a large onset temperature difference to generate 

oscillations when compared to 0.5 mm plates 

irrespective of PS. Increase in PS and resonator length 
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leads to decrease in working frequency and increase in 

onset temperature difference and pressure amplitude for 

both 0.3 and 0.5 mm thick plates. 

 Also, the normalized acoustic power generated from the 

0.3 mm PS is higher than the 0.5 mm. This acoustic 

power decreases with increase in resonator length and 

decrease in plate thickness. 

 In the present system, 230–250 Hz frequency of 

acoustic waves is generated which may be adequate to 

drive a thermoacoustic refrigerator. The theoretical 

results obtained from DeltaEc are in good agreement 

with the experimental results. 

 It is observed that in the TRA, cold heat exchanger 

reduces up to 10oC. 
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