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Abstract. The low coefficient of performance of thermoacoustic 
refrigerators has limited their development. The goal of this paper is to 
investigate the effect of different stack lengths on standing wave 
thermoacoustic refrigerator (TAR) performance. The stack is essential in 
TAR because it expands the gas-solid interface, allowing for a greater 
temperature difference between the warm and cold regions. Hence literature 
studies on stack length, geometry, plate spacing, and material have been 
investigated. A quantitative analysis was performed to determine an effective 
TAR design by numerically modelling three geometries using COMSOL 
Multiphysics 6.0. A quarter wavelength resonator tube was designed using a 
2D axisymmetric model. The acoustic wave and energy fields in solids were 
studied using conjugate heat transfer, with the fluid flow considered laminar 
and helium as the working gas. The optimal TAR design was chosen based 
on the lowest temperature difference between the three simulated geometries. 
Seven numerical models were simulated for stack lengths ranging from 15 
mm to 45 mm, revealing that COP increased as stack length decreased, while 
the temperature difference decreased. 

1 INTRODUCTION 
A standing wave thermoacoustic refrigerator employs a loudspeaker driver to generate an 
acoustic wave through a vibrating diaphragm, which causes the gas molecules within a 
resonator tube to oscillate. These oscillations cause compression and expansion whereby 
the stack stores the thermal energy [1]. The stack is essential in TAR because it expands the 
gas solid interface, allowing for greater temperature difference (ΔT) between the warm and 
cold regions. Without the stack, the temperature difference would be negligible, affecting 
the heat-pumping process [2]. The efficiency of the TAR relies heavily on stack geometry, 
which dictates energy storage and transmission. Key factors like stack geometry, pore size, 
plate spacing, material and length are known to significantly impact performance[3], [4]. 
To optimize thermoacoustic effects, it is essential for the stack to feature a large surface 
area and short distances between surfaces within the flow channels [5]. This paper aims to 
numerically investigate the effects of seven stack length using COMSOL Multiphysics on 
the performance of the standing wave thermoacoustic refrigerator [6]. It is significant to 
investigate the impact of stack length to enable the optimisation of TAR.  

 
* Corresponding author: 209159332@mycput.ac.za 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 505, 03002 (2024)	 https://doi.org/10.1051/e3sconf/202450503002
ICARAE2023

RETRACTED



 

 

2 LITERATURE REVIEW  
A thermoacoustic refrigerator (TAR) is a mechanical system that transports thermal energy 
from a warm region to a cold region using acoustic energy generated by a transducer driver. 
An electrodynamic driver, a stack, a resonator tube, and two heat exchangers, one in the 
warm region and one in the cold region, are the main components of a TAR. A 
thermoacoustic refrigerator (TAR) transfers heat from a warm area to a cold one using 
acoustic energy generated by a transducer driver. An electrodynamic driver, a stack, a 
resonator tube, and two heat exchangers, one in the warm region and the other in the cold 
region, are essential components of TAR. The TAR currently has a low coefficient of 
performance (COP), which impedes its progress. Ongoing research is devoted to improving 
the COP through systematic optimisation. Several numerical and experimental approaches 
have been developed to optimise TAR's components, including stack geometry and 
material, electrodynamic driver, resonator tube geometry and material, and both hot and 
cold heat exchangers. 

2.1 Stack 

The stack is essential in the TAR because it expands the gas-solid interface, allowing for a 
greater temperature difference (ΔT) between the warm and cold regions. Without the stack, 
the temperature difference would be negligible, affecting the heat-pumping process. The 
material of the stack temporarily stores the thermal energy as gas molecules oscillate back 
and forth, interacting during compression and expansion cycles within the TAR, [7]. 

2.1.1 Stack geometry  

The efficiency of the TAR relies heavily on stack geometry, which dictates energy storage 
and transmission. Key factors like stack shape, pore size, plate spacing, and length are 
known to significantly impact performance. To optimize thermoacoustic effects, it's 
essential for the stack to feature a large surface area and short distances between surfaces 
within the flow channels [5]. Figure 3 depicts stack geometries usually used in TAR, such 
as parallel plate, spiral, honeycomb, Corning Celcor, and pin array designs. Wantha [8] 
investigated the spiral, pin array, and circular pore stacks and discovered that the pin array 
stack has a lower cold end temperature than the spiral and circular stacks by up to 63% and 
70%, respectively. Even though the pin array stack is the most effective, it is difficult to 
manufacture, which limits its use in TAR. 

 

Fig. 1. Stack geometries: (a) spiral stack (b) parallel plates stack (c) honeycomb (d) Corning 
Celcor (e) pin array. 

 

 

2.1.2 Plate spacing or pore size. 

The spacing between stack plate or pore size is important. It should be sufficiently wide to 
allow smooth gas parcel flow and reduce the viscosity effects of the working fluid, which 
could impede gas parcel oscillation [9]. Alamir et al. [10] discovered that as the plate 
spacing increases in a stack, it initially enhances the temperature difference between the 
warm and cold sides. However, beyond a certain point, there is a rapid decline in this 
temperature difference. In their study on TAR performance, Shivakumara et al. [11] 
discovered that the optimal plate spacing for achieving the highest temperature difference is 
three times the thermal penetration depth. Specifically, when using Helium as the working 
fluid, they found that a plate spacing of 0.28 mm outperformed 0.33 mm and 0.38 mm 
spacings. Under the same operating conditions of 1 MPa pressure, 1.6% drive ratio, 400 Hz 
frequency, and a cooling load of 2 W, the 0.28 mm TAR achieved a maximum temperature 
difference of 32.9°C, surpassing the performance of TARs with 0.33 mm and 0.38 mm 
plate spacings, which achieved 30.75°C and 27.58°C, respectively. Furthermore, the 0.28 
mm stack outperformed the 0.33 mm (COP = 1.822) and 0.38 mm (COP = 1.656) stack 
spacings with a COP of 2.024. It is worth noting that in their study, Shivakumara et al. [11] 
did not include stack spacing relative to viscous penetration depth. 

2.1.3 Stack material 

The thermal properties of some porous materials used as stacks are shown in Table 1. The 
material of the stack is essential to TAR performance. According to Nathad et al. [12], the 
thermal conductivity contributes to thermal conduction of the working gas and stack 
material. According to Zolpakar et al. [5], the stack should be made of a material with 
lower thermal conductivity and a higher heat capacity than the working fluid. This was 
done in collaboration with Yuan Ong et al. [13]. They clarified that lower thermal 
conductivity reduces heat loss through the stack, while higher heat capacity preserves more 
heat, resulting in a slight temperature rise. 
 

Table 1: Thermal properties of porous materials used as stacks. 
 

 
In a study by Bhatti et al. (2020), they compared homogeneous stacks using Celcor and 
Kapton to multi-layered stacks combining Celcor and RVC, and Kapton with RVC. In the 
multi-layered stacks, they found a temperature increase of up to 26.14%, an 8.5% 
enhancement in COP (Coefficient of Performance), and a 4.55% reduction in energy 
consumption. Rahpeima et al. [14], on the other hand, investigated the effect of different 

Porous materials Thermal conductivity 
(k) [W/m. K] 

Density (ρ) 
[kg/m3] 

Heat capacity per unit 
mass [J/Kg K] 

Copper scourers 400 8960 385 
Stainless steel 14.3-19.0 7918-7801 454-558 
Aluminium 5.8 216 895 
Celcor ceramic  2.5 2510 730-1017 
Glass 1.38 2203 703 
VeroWhitePlus 0.23 - 1000 
Kapton 0.19-0.20 1419-1394 1394-1394 
Mylar sheet 0.16 1347.5 1110 
Polylactic acid (PLA) 0.13 1300 1800 
RVC 0.033-0.050 49.5 1260 
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materials (Kapton, glass, and steel) on COP, cooling temperature, and drive ratio in 
homogeneous stacks. They ranked the performance of Kapton as the best, followed by 
glass, and then steel, considering the drive ratio, which represents the ratio of dynamic 
pressure amplitude to mean pressure. The cooling temperatures for Kapton, glass, and steel, 
respectively, were 11.97 K, 11.8 K, and 10.2 K. Their corresponding COP values were 
0.28, 0.11, and 0.21, respectively, while their drive ratios were 1.4%, 1.45%, and 1.7%. In 
their study, [15] investigated the impact of stack materials. Mylar and Polylactic Acid 
(PLA) stacks were tested under identical conditions: 20 W input power, 2 W cooling load, 
150 Hz frequency, and a blockage ratio of 0.71. Notably, PLA outperformed Mylar, with a 
lower cooling temperature of 22.4°C, a temperature difference of 30.5°C, and a COP of 
0.93, whereas Mylar achieved a COP of 0.88. This is significant because PLA stacks can be 
easily produced using 3D printing technology. 

2.1.4 Stack length 

Tartibu [16] and Rahpeima et al. [14] examined how stack length impacts COP, cooling 
temperature, and the temperature difference between the warm and cold sides of the stack. 
In a study by Zolpakar et al. [9], the effects of stack length in ceramic Celcor and Mylar 
stacks were investigated regarding the time, temperature, and TAR resonant frequency. 
Their findings identified an optimal stack length of 4 cm, resulting in a temperature range 
of 19.2°C to 34.2°C with a maximum temperature difference of 15°C.They observed 
decreasing performance as stack length increased, which they attributed to higher acoustic 
impedance and pressure drop. Longer stacks should not be preferred, according to their 
findings. In a subsequent study by Zolpakar et al. [9], they examined the impact of different 
stack lengths (3 cm, 4 cm, and 5 cm) made from 3D printed VeroWhitePlus Rgd835. They 
conducted TAR operations with specific conditions: 101 kPa, 400 Hz, and a 0.72 blockage 
ratio, using air as the working fluid. Their findings revealed temperature differences of 
16.8°C, 14°C, and 12.7°C for the respective stack lengths. Tartibu [16], who studied 
standing wave TAR and recommended shorter stacks to be placed closer to the closed end 
of the resonator tube, backs up this observation. [14] agreed with Tartibu [16], emphasising 
that longer stacks result in lower COP, making shorter stacks preferable. According to 
Alamir et al. [10], longer stacks cause more interaction between gas parcels and stack 
surfaces, resulting in higher acoustic power consumption and lower TAR performance. 

2.2 METHODS AND MATERIALS 

This section presents the specifications of the computer that was use in the modelling and 
the modelling procedures that were followed. The modelling utilised a Windows 10 
computer equipped with an Intel (R) core (TM) i5-6500 CPU @ 3.20GHz and 64 GB 
DDR4 RAM. The simulations that were done run for 13 hr to 14 hrs.  

2.2.1 Standing wave thermoacoustic refrigerator 

Figure 3 presents a standing wave thermoacoustic refrigerator that has a loudspeaker driver, 
a resonator tube filled with gas sandwiching a hot and cold heat exchanger positioned on 
either side of the stack. The rises and drops of temperatures caused by compression and 
expansion which occurs as the gas molecules oscillate back and forth within the length of 
the resonator tube driven by the vibrating diaphragm of loudspeaker diver.  

 

 

 
Fig. 2. Standing wave thermoacoustic refrigerator 

2.2.2 Thermoacoustic governing equations 

The oscillatory boundaries utilised in thermoacoustic as low amplitudes have been 
expounded and summarised by [17]. The pressure (𝑃𝑃), velocity (𝑢𝑢)  and temperature (𝑇𝑇) 
illustrated below have been applied at the inlet of computational domain, which expressed 
in terms of mean component and first order component were adapted from [6]: 

 𝑷𝑷 = 𝑷𝑷𝒎𝒎 +  𝑹𝑹𝒆𝒆 {𝑷𝑷𝟏𝟏[𝒛𝒛]𝒆𝒆𝒊𝒊𝒊𝒊𝒊𝒊}          (1) 

𝒖𝒖 = 𝑹𝑹𝒆𝒆 {𝒖𝒖𝟏𝟏[𝒛𝒛] 𝒆𝒆𝒊𝒊𝒊𝒊𝒊𝒊}                  (2) 

𝑻𝑻 =  𝑻𝑻𝒎𝒎 +  𝑹𝑹𝒆𝒆 {𝑻𝑻𝟏𝟏[𝒛𝒛]𝒆𝒆𝒊𝒊𝒊𝒊𝒊𝒊}           (3) 

Where: 𝑃𝑃𝑚𝑚 and 𝑇𝑇𝑚𝑚 are mean pressure and mean temperature respectively, 𝑧𝑧 = is the 
geometric direction of 2D axisymmetric model of computational domain, 𝑅𝑅𝑒𝑒 { } is the real 
part, 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 is the time dependency of a particular variable, 𝜔𝜔 is the angular frequency, and 
𝑃𝑃1, 𝑢𝑢1 and 𝑇𝑇1 are oscillating amplitude pressure, velocity, and temperature respectively of 
the standing wave adapted from [6], which expressed as follows : 

𝑷𝑷𝟏𝟏 = 𝑷𝑷𝑨𝑨 𝒄𝒄𝒄𝒄𝒄𝒄(𝒌𝒌𝟏𝟏. 𝒛𝒛)            (4) 

𝒖𝒖𝟏𝟏 = −𝒊𝒊 𝑷𝑷𝑨𝑨
𝝆𝝆𝒎𝒎 .𝒂𝒂  𝒔𝒔𝒔𝒔𝒔𝒔 (𝒌𝒌𝟏𝟏. 𝒛𝒛)                 (5) 

𝑻𝑻𝟏𝟏 =  𝑷𝑷𝑨𝑨
𝝆𝝆𝒎𝒎 𝑪𝑪𝒑𝒑

𝒄𝒄𝒄𝒄𝒄𝒄(𝒌𝒌𝟏𝟏. 𝒛𝒛)           (6) 

Where: 𝑃𝑃𝐴𝐴 = is the amplitude pressure at pressure antinode, a = is the speed of sound, 𝑘𝑘1 = 
is the wave number, 𝜌𝜌𝑚𝑚 = is the mean density and 𝐶𝐶𝑝𝑝 = is the gas specific heat capacity at 
constant pressure. Then substituted equations (1) to (3) into equations (4) to (6), yielded 
three final equations (7) to (9) illustrated below, which were adapted from [6]: 
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The equations (7) to (9) represent the pressure (𝑃𝑃), velocity (𝑈𝑈), and temperature (𝑇𝑇) 
respectively, which utilised as the oscillatory boundaries at the inlet of computational 
domain. 

2.2.3 Simulation model and geometrical modelling 

Table 2 presents the properties of various solid materials used in simulation. The modelling 
was implemented in COMSOL Multiphysics 6.0. Figure 3 shows the 2D axisymmetric 
geometry that was used in the modelling as a viable design. The TAR model which was 624 
mm long with its largest diameter as 110 mm. The larger diameter (D1) tapered by applying 
a ratio of D2/D1 = 0.54 to 110 mm PVC tube, then obtained a smaller diameter (D2) [18]. 
Regarded seven stack lengths (SL) of polylactic acid (PLA) material ranging from 15 mm to 
45 mm with a gap spacing of 2𝛾𝛾0 = 0.6 mm, where 𝛾𝛾0 is the half distance between two 
stack plates spacing. All stack lengths positioned at 30 mm away from the oscillatory 
boundary conditions of computational domain. The stack plate thickness (𝑡𝑡ℎ) was of 0.5 
mm, and a hot copper heat exchanger of approximately, L copper /𝜆𝜆 = 0.02625 embedded in 
the tube thickness, which positioned at the upper end of each stack length to absorb the 
exhausting heat and dissipating it to the environment. A cold heat exchanger omitted in the 
computational domain reason being that no heat generated would be utilised externally ([6]. 
The total length of the computational domain was set to 0.012𝜆𝜆+0.0238𝜆𝜆 m. The lower 
edge of the stack positioned at 0.012𝜆𝜆 m away from the inlet boundary of computational 
domain while the distance of the lower edge of the stack to the upper closed end of 
computational domain was set to 0.0238𝜆𝜆 m. 
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Fig. 3. Model geometry of the simulation domain. 

2.2.4 Numerical methodologies and boundary conditions  

Table 3 presents the operating conditions and thermophysical properties of helium that 
were used in the modelling. For the model, the study used a 2D axisymmetric model, 
conjugate heat transfer, laminar flow coupled by nonisothermal flow multiphysics. The type 
of fluid flow used was determined by calculating the Reynolds number (𝑅𝑅𝑒𝑒), which 
referred to as the critical Reynolds number limited to 2300, (𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒 = 2𝑢𝑢1/√𝑉𝑉𝜔𝜔 ) [19]. A 
time-dependant solution option was utilised. The segregated solver utilised to minimise the 
computation time. A segregated solver subdivides the solution process into segregated sub-
steps and solved each parameter sequentially within a single iteration. Figure 4 shows the 
boundaries conditions applied to the computational domain. The boundaries conditions 
shown below were adapted from [6].  

▪ When  𝒕𝒕 = 𝟎𝟎 at all r and z cells (
𝒖𝒖𝒓𝒓 = 𝟎𝟎
𝒖𝒖𝒛𝒛 = 𝟎𝟎

𝑻𝑻 =  𝑻𝑻𝒎𝒎
)   (10) 

Where: 𝑢𝑢𝑟𝑟 and 𝑢𝑢𝑧𝑧 are the velocities in 𝑟𝑟 and 𝑧𝑧 directions and 𝑇𝑇𝑚𝑚 is the fluid mean 
temperature.  

▪ Internal solid boundaries  (
𝒖𝒖𝒓𝒓 = 𝟎𝟎
𝒖𝒖𝒛𝒛 = 𝟎𝟎

𝑻𝑻𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 =  𝑻𝑻𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇
)   (11) 

▪ Horizontal external boundary [−𝒌𝒌 𝝏𝝏𝝏𝝏
𝝏𝝏𝝏𝝏 = 𝒉𝒉 (𝑻𝑻𝒆𝒆𝒆𝒆𝒆𝒆 − 𝑻𝑻)] (12) 

▪ Vertical external boundary [−𝒌𝒌 𝝏𝝏𝝏𝝏
𝝏𝝏𝝏𝝏 = 𝒉𝒉 (𝑻𝑻𝒆𝒆𝒆𝒆𝒆𝒆 − 𝑻𝑻)]  (13) 

▪ Thermal insulation boundary [
𝝏𝝏𝝏𝝏
𝝏𝝏𝝏𝝏 = 𝟎𝟎
𝝏𝝏𝝏𝝏
𝝏𝝏𝝏𝝏 = 𝟎𝟎

]    (14) 

Where: 𝑻𝑻𝒆𝒆𝒆𝒆𝒆𝒆 = is the ambient temperature of external resonator tube taken to be 288 k, 𝒉𝒉 
= is the convection heat transfer coefficient for the external air taken to be 5 w/m2. k 
([6]. 
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Table 3: Operating conditions and thermophysical properties of helium. 

 Operating conditions  
Property  Value Units 
Mean temperature (Tm) 288 K 
Mean pressure (Pm) 101325 Pa 
Operating frequency (ƒ) 400 Hz 
Amplitude pressure (PA) 62423 Pa 

Thermophysical properties of Helium 
Thermal conductivity (K) 0.15243 [W/ m. K]  
Density (ρ) 0.1667 [Kg/m3] 
Specific heat (Cp) 5192.6 [J/Kg. K] 
Speed of sound (a) 998.6 m/s 
Gas constant (R) 2076.9 J/kg. K 
Wavelength (𝜆𝜆) 2.4963 m 
 
 
 
Table 4 below presents the geometrical and model parameters utilised in computational 
model. Figure 4 shows the boundaries conditions applied to the quarter wavelength 
designed using a 2D axisymmetric model. A PVC rod of 3 mm of diameter and stack plates 
positioned at 30 mm away from the oscillatory boundary. A hot heat exchanger embedded, 
which positioned above each stack length ([6]. The gas used was ideal gas with modelling 
fluid changed to Newtonian by specifying the density and dynamics viscosity. Three 
oscillatory boundary conditions were applied at the inlet, which were the temperature, 
velocity, and pressure respectively.  

 
 

 
Fig. 4. Boundaries applied to simulation domain [6].  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Table 4: Geometrical parameters and model parameters. 

 Geometrical parameters 
Name       Expression      Value       Description 
Tube-R 52.8[mm] 0.0528 m Tube radius 
Tube-L 624[mm] 0.624 m Tube length 
Tube-RE 55[mm] 0.055 m Tube external radius 
Tube-LE 626[mm] 0.626 m Tube external length 
Stack-w 0.5[mm] 5E-4 m Stack plate width 
Stack-L 15[mm] 0.03 m Stack length 
Stack-G 0.6[mm] 6E-4 m Stack gap 
Stack-z 30[mm] 0.03 m Stack position 
Rod-w 3[mm] 0.003 m Rod diameter 
Copper-L 0.02625*wave-L. 0.06552 m Copper length 

Model parameters 
a 998.6[m/s] 998.6 m/s Speed of sound 
f a/(4*tube_L) 400.08 1/s Resonance frequency 
k 2*pi/(4*tube_L) 2.5173 1/m Wave number 
rho 0.166[kg/m^3] 0.166 kg/m³ Density 
Cp 5200[J/(kg*K)] 5200 J/(kg·K) Heat capacity at constant pressure 
Tm 288[K] 288 K Mean temperature 
Pm 101325[Pa] 1.0133E5 Pa Mean pressure 
PA 9860[Pa] 9860 Pa Amplitude pressure 
tp 1/f 0.0024995 s Wave period 
hwall 5[W/(m^2*K)] 5 W/(m²·K) Convection heat coefficient 
wave_L a/f 2.496 m Wavelength 
 
 
 
Figure 5 below shows the free triangular mesh used for the entire domain with the 
predefined size set to extremely fine. The time stepping was set to 0.01 second and an 
output computation time set to 6 seconds and then computed the model geometry.   

 
Fig. 5. Mesh applied to the entire simulation domain. 

8

E3S Web of Conferences 505, 03002 (2024)	 https://doi.org/10.1051/e3sconf/202450503002
ICARAE2023

RETRACTED



 

 

Table 3: Operating conditions and thermophysical properties of helium. 

 Operating conditions  
Property  Value Units 
Mean temperature (Tm) 288 K 
Mean pressure (Pm) 101325 Pa 
Operating frequency (ƒ) 400 Hz 
Amplitude pressure (PA) 62423 Pa 

Thermophysical properties of Helium 
Thermal conductivity (K) 0.15243 [W/ m. K]  
Density (ρ) 0.1667 [Kg/m3] 
Specific heat (Cp) 5192.6 [J/Kg. K] 
Speed of sound (a) 998.6 m/s 
Gas constant (R) 2076.9 J/kg. K 
Wavelength (𝜆𝜆) 2.4963 m 
 
 
 
Table 4 below presents the geometrical and model parameters utilised in computational 
model. Figure 4 shows the boundaries conditions applied to the quarter wavelength 
designed using a 2D axisymmetric model. A PVC rod of 3 mm of diameter and stack plates 
positioned at 30 mm away from the oscillatory boundary. A hot heat exchanger embedded, 
which positioned above each stack length ([6]. The gas used was ideal gas with modelling 
fluid changed to Newtonian by specifying the density and dynamics viscosity. Three 
oscillatory boundary conditions were applied at the inlet, which were the temperature, 
velocity, and pressure respectively.  

 
 

 
Fig. 4. Boundaries applied to simulation domain [6].  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Table 4: Geometrical parameters and model parameters. 

 Geometrical parameters 
Name       Expression      Value       Description 
Tube-R 52.8[mm] 0.0528 m Tube radius 
Tube-L 624[mm] 0.624 m Tube length 
Tube-RE 55[mm] 0.055 m Tube external radius 
Tube-LE 626[mm] 0.626 m Tube external length 
Stack-w 0.5[mm] 5E-4 m Stack plate width 
Stack-L 15[mm] 0.03 m Stack length 
Stack-G 0.6[mm] 6E-4 m Stack gap 
Stack-z 30[mm] 0.03 m Stack position 
Rod-w 3[mm] 0.003 m Rod diameter 
Copper-L 0.02625*wave-L. 0.06552 m Copper length 

Model parameters 
a 998.6[m/s] 998.6 m/s Speed of sound 
f a/(4*tube_L) 400.08 1/s Resonance frequency 
k 2*pi/(4*tube_L) 2.5173 1/m Wave number 
rho 0.166[kg/m^3] 0.166 kg/m³ Density 
Cp 5200[J/(kg*K)] 5200 J/(kg·K) Heat capacity at constant pressure 
Tm 288[K] 288 K Mean temperature 
Pm 101325[Pa] 1.0133E5 Pa Mean pressure 
PA 9860[Pa] 9860 Pa Amplitude pressure 
tp 1/f 0.0024995 s Wave period 
hwall 5[W/(m^2*K)] 5 W/(m²·K) Convection heat coefficient 
wave_L a/f 2.496 m Wavelength 
 
 
 
Figure 5 below shows the free triangular mesh used for the entire domain with the 
predefined size set to extremely fine. The time stepping was set to 0.01 second and an 
output computation time set to 6 seconds and then computed the model geometry.   

 
Fig. 5. Mesh applied to the entire simulation domain. 

9

E3S Web of Conferences 505, 03002 (2024)	 https://doi.org/10.1051/e3sconf/202450503002
ICARAE2023

RETRACTED



 

 

3 RESULTS  
Table 5 below displays the last computed results of the last computation time for both 
temperature and total energy flux. There was a slight increase in temperature of 0.06 K or 
less for each stack length ranging from 15 to 45 mm, as well as a decrease in total energy 
flux of 0.312 W/m2 or less. Point and domain probes 1 and 2 represented the warmer and 
cooler sides of computed domains, respectively. 

Table 5: Points and domain probes for temperatures and total energy fluxes. 

Stack length (SL) 15 mm 20 mm 25 mm 30 mm 35 mm 40 mm 45 mm 
Temperature (K): probe 
1 

296.34 296.28 296.25 296.24 296.24 296.12 296.09 

Temperature (K): probe 
2 

295.30 294.95 294.67 294.46 294.30 294.07 293.76 

Total energy flux 
(W/m2): Probe 1 

12.207 12.519 12.672 12.718 12.678 12.908 13.330 

Total energy flux 
(W/m2): Probe 2 

7.9947 7.0839 6.0458 5.1473 4.2854 3.5669 3.0501 

 
 
Table 6 below shows the optimum coefficient of performance and temperature difference 
values of 1.9 and 2.33 K, respectively. The COP and temperature difference were 
calculated using the tabulated results in table 5 above. The temperature difference increased 
by 0.29 K or less for each stack length ranging from 15 to 45 mm, while the COP decreased 
by 0.6 or less. 

Table 6: Changes of COP and ΔT with stack length (sL). 

Stack length 
(SL) 

15 mm 20 mm 25 mm 30 mm 35 mm 40 mm 45 mm 

ΔT (K) 1.04 1.33 1.58 1.78 1.94 2.05 2.33 
COP 1.9 1.30 0.91 0.68 0.51 0.38 0.30 
 
 
 
 
Figure 6 below depicts a graphical representation of the surface temperature of one of seven 
simulated domains, with a temperature change ranging from 290 K to 299 K for the last 
computation time run over a period of 13 hr to 14 hrs with an output computation time set 
to 6 seconds. 
 
 

 

 

 
Fig. 6. Generated graphic for surface temperature of one out of seven simulation [6]. 

 
 
Figure 7 below displays the probes plot for temperature and total energy flux for the 15 mm 
stack length. The probes plot represented the computation results of the simulated domain, 
which run from the onset to the steady state with one last computed result tabulated in one 
column of table 5 above. The temperature and total energy flux become constant over an 
output computation time of 6 seconds with the last computation time of 13 h 16 min 47 
seconds.     

 
 
Fig. 7. Probes plot of temperature and total energy flux 
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Figure 8 below depicts the changes in coefficient of performance and temperature 
difference as a function of stack length from 15 to 45 mm. This graph was a graphical 
representation of the tabulated results in table 6 above. The lower and higher values for 
COP and temperature difference were (0.3, 1.9) and (1.04, 2.33 K), respectively. The 
legend on top depicts the trend lines for COP and temperature difference. The grey 
represents the COP, and the red represents the temperature difference. 
 

 
Fig. 8. Changes of COP and ΔT versus stack length (SL). 

4 DISCUSSION 
The analysis was based on quasi steady state numerical modelling instead of transient 
because of the boundary equations utilised in computations domain. The output 
computation time was set to 6 seconds reason being that the temperature and total energy 
flux become constant over a simulation period of 13 hrs to 14 hrs as illustrated in figure 7 
above. Each simulated domain displayed a graphical surface temperature as illustrated in 
figure 6 above. For stack lengths of (15 mm, 20 mm, and 30 mm) and (25 mm, 35 mm, 40 
mm, and 45 mm), the surface temperatures were (290 K - 299 K) and (289 K - 299 K), 
respectively. This meant that the lower temperature achieved were 290 K (16.9 o C) and 289 
K (15.9 o C) for an initial temperature of the computational domain kept constant at 288 K 
(14.9 o C) To examine stack lengths ranging from 15 to 45 mm, seven numerical models 
were used. A slight variation in temperature of 1.04 K was indicated by the results 
presented in Table 5. There was a smaller increase in temperature of 0.06 K and a decrease 
in total energy flux of 0.312 W/m2 between stack length of 15 to 20 mm. For a minimum 
stack length of 15 mm, the optimal COP achieved was 1.9 for a minimum temperature 
difference of 1.04 K. It has been seen that as the stack length increased, the temperature 
difference increased while the COP decreased. This would be clearly stated that shorter 
stack length produced higher COP as this was collaborated with studies conducted by [9], 
[14], and [16]. However, for experimental purpose the COP of 1.9 would not be accepted 
because of the temperature difference being too smaller making it impracticable. In 
previous research conducted by ([6] the lower and higher temperature were used to 
calculate the Carnot coefficient of performance (COP Carnot) while in the current simulation, 

 

 

the total energy flux on either side of the stack length was used to calculate the coefficient 
of performance as the results for total energy flux are tabulated in table 5 above.   

5 CONCLUSION 
This paper reported on a study that was conducted using COMSOL Multiphysics 6.0 to 
investigate how stack lengths affected the performance of a standing wave thermoacoustic 
refrigerator (TAR). The helium used as working gas, seven numerical modelling were 
performed for seven stack lengths ranging from 15 mm, 20 mm, 25 mm, 30 mm, 35 mm, 40 
mm, and 45 mm. The simulations results showed that as the stack length (SL) decreased 
from 45 mm to 15 mm, COP increased, while the temperature difference (ΔT) increased as 
the stack length (SL) increased from 15 mm to 45 mm. Hence, it has been concluded that 
the stack length (SL) has a significant impact on TAR its performance. 
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Fig. 8. Changes of COP and ΔT versus stack length (SL). 
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