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ABSTRACT  ARTICLE INFO 

This study examines the performance of a thermoacoustic refrigerator with various 

stack geometries as a potential eco-friendly alternative to conventional refrigeration 

systems that rely on chlorofluorocarbons (CFCs). Thermoacoustic refrigerators create 

a cooling effect using sound waves and environmentally friendly gases such as helium. 

The stack, a crucial component where energy conversion occurs, must be optimized 

to maximize cooling efficiency. However, no studies have previously investigated the 

impact of stack geometries under a uniform system configuration. Thus, this study 

aims to numerically evaluate how different stack geometries and materials affect the 

performance of thermoacoustic refrigerators while maintaining consistent system 

geometry and properties to ensure fair comparison. The research focuses on three 

types of stack geometries: parallel plate, ceramic honeycomb, and wire mesh screen. 

Using DeltaEC software, the performance of these stacks was analyzed with a constant 

hydraulic radius. The results show that the wire mesh screen stack provides the highest 

cooling power (330 W) and coefficient of performance (COP) of 0.81, outperforming 

the other geometries. These findings highlight the potential of optimized stack designs 

to improve the efficiency of thermoacoustic refrigerators, promoting their 

development as a sustainable cooling technology.  
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a.  

1.   Introduction 

The use of chlorofluorocarbons (CFCs), commonly known as Freon, has been prevalent in 

refrigeration and air conditioning. Initially regarded as safe and effective cooling agents, CFCs have 

since been identified as significant contributors to ozone layer depletion and global warming. Scientific 

research has established that CFCs are persistent in the atmosphere, leading to their accumulation and 

subsequent breakdown by ultraviolet radiation, which releases chlorine atoms that catalyze the 

destruction of ozone molecules in the stratosphere [1]. Due to the concerns associated with its 

environmental impact, this research seeks to explore the development of thermoacoustic devices as a 

potential solution to mitigate the harmful effects of Freon gas. Specifically, the study focuses on 

thermoacoustic refrigeration systems that utilize environmentally friendly working gases such as air and 

noble gases as refrigerants. These systems offer several advantages, including high reliability, cost-

effectiveness, environmental friendliness, and the absence of moving parts (e.g., compressors) [2]. 

Figure 1 illustrates a thermoacoustic refrigeration comprising a drive, a resonator tube, heat 

exchangers, and a stack. The heat exchangers facilitate the transfer of heat into and out of the 

thermoacoustic device. When the driver is turned on [3,4], the reciprocating motion of the driver 

membrane induces oscillations between compression and rarefaction phases within the stack. During 
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compression, the gas particles move closer together, increasing pressure and temperature locally. 

Conversely, during rarefaction, the gas particles move apart, decreasing pressure and temperature. This 

oscillatory movement leads to the transfer of heat from one side of the stack to the other, creating a 

temperature gradient along the length of the stack [2,5]. The continuous oscillation of the gas, driven by 

the sound waves, maintains the temperature gradient, allowing the cooler side of the stack to act as a 

refrigeration source [2]. 

The stack is a critical component in thermoacoustic refrigeration, as it is the site of energy 

conversion, which must be optimized to achieve maximum cooling efficiency. Previous studies by 

researchers have explored the use of various stack geometries to enhance the performance of 

thermoacoustic refrigerators such as parallel plate [6], ceramic honeycomb catalyst [7], wire mesh 

screen stainless steel [8], and pile of wool stainless steel [9].  However, these investigations were 

conducted with differing thermoacoustic system dimensions, complicating the identification of an 

optimal stack geometries. To tackle this issue, the current study seeks to assess how various stack 

geometries and materials influence the performance of thermoacoustic refrigerators, while keeping the 

system geometry and specific properties, particularly the hydraulic radius (rh), consistent to ensure a fair 

comparison. The hydraulic radius, which is the ratio of the flow's cross-sectional area to the wetted 

perimeter, plays a crucial role in the interaction between the oscillating gas and the stack material. This 

radius significantly impacts the viscous and thermal boundary layers within the stack, which are 

essential for efficient thermoacoustic processes [2]. The performance analysis of thermoacoustic 

refrigerator will be conducted using DeltaEC software, a tool widely utilized by the thermoacoustic 

community for the design and optimization of thermoacoustic devices [2,8,10,11]. The result showed 

that stack made of wire mesh screen achieved highest COP among all stacks. 

 

2. Method 

A standing wave thermoacoustic refrigerator is schematically depicted in Fig. 1, consisting of a 

driver, resonator, stack, and heat exchangers. A Hofler thermoacoustic refrigerator configuration was 

employed due to its well-known high cooling performance [12], where a closed resonator tube and a 

stack are positioned near the loudspeaker. At the opposite end, a resonator sphere (compliance) was 

attached, enabling the loudspeaker to generate a standing wave with a quarter-wavelength within the 

resonator tube. The total length of the resonator, including the driver and its housing, was 1007 mm. In 

this study, the driver utilized was the B&C 8BG51, produced by B&C Speakers, with the specifications 

detailed is presented in Table 1 [13,14].  

 

 

 

 

 

 

Fig, 1. Schematic diagram of standing-wave thermoacoustic model (dimension in mm). 
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Short parallel plate-shaped heat exchangers were employed to help heat transfer into and out of the 

system. One heat exchanger, known as the cold heat exchanger (CHX) with the temperature of TC, 

absorbs heat from the environment, providing cooling to the surrounding area, while the other, called 

the ambient heat exchanger (AHX) with the temperature of TA, dissipates heat to the environment. 

 

Table 1. Specifications of loudspeakers B&C 8BG51 [13,14]. 

Parameter Value 

  

Rm (kg/s) 0.95 

m (kg) 0.035 

Km (N/m) 3814 

Re (Ω) 5.1 

Bl (Tm) 11.8 

Le (H) 0.0005 

f0 (Hz) 52 

Xmax (mm) 6.5 

ηmax (%) 69.2 

Ad (m2) 0.022 

 

In this study, three different geometries of stacks were employed, as shown in Fig. 2. To ensure a 

fair comparison, we set the hydraulic radius (rh) of stacks to be similar. This value of rh can be achieved 

by these three geometries of stacks using equation shown in Table 2. The first stack was parallel plate 

stack (Fig. 2(a)) made of mylar with a thickness (l) of 0.045 mm and a plate spacing (2y0) of 1.49 mm, 

resulting in a hydraulic radius of 0.745 mm. The second stack was a cylindrical ceramic honeycomb 

catalyst support (Fig. 2(b)), which had square pores with a side (P) of 1.49 mm, resulting in a hydraulic 

radius of 0.745 mm. The last stack was made of wire mesh screen (Fig. 2(c)) with wire diameter (D) of 

0.38 mm and mesh number (m) of 10, resulting in a hydraulic radius of 0.713 mm. 

 

Fig. 2. (a) Parallel plate stack [15], (b) Ceramic honeycomb catalyst [16], and (c) wire mesh screen [17]. 

A thermoacoustic refrigerator is simulated using DeltaEC software, which numerically solves the 

one-dimensional acoustic wave equations for a selected gas within a specified geometry. The model 

allows for the application of acoustic, thermal, or geometrical boundary conditions through the use of 

guess and target pairs. DeltaEC employs a shooting algorithm to adjust the guessed variables to meet 

user-defined targets that can be distributed throughout the device. With the basic thermoacoustic 
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refrigerator segments (loudspeaker, stack, duct, heat exchangers, and compliance) in the previous 

section, a DeltaEC model was created. The shooting algorithm was then utilized to determine the 

remaining unknown system parameters, such as the optimal length of the cold duct, within the given 

constraints. The boundary conditions of this model were as follows: the working fluid was helium at 5 

atm, the resonance frequency was forced to be 350 Hz, the temperature of the AHX (TA) was 290 K, and 

the acoustic pressure at the end of the compliance was at a maximum while the acoustic velocity was at 

a minimum (zero). The coefficient of performance COP of a refrigerator is defined as  

       

C

L

Q
COP

W
=

 

(1) 

where QC is the cooling power and WL is the acoustic power used to pump QC. The cooling power QC is 

the ability to remove heat from the space around it. Higher cooling power means the refrigerator can 

handle a larger load or cool the space more rapidly. 

Table 2. Geometry of stack and its hydraulic radius equation. 

Stack 

Geometry 

 
Hydraulic Radius Equation 

Value 

(mm) 

Porosity (-

) 

     

Parallel Plate 

 

𝑟ℎ = 𝑦0 0.745 0.94 

Ceramic 

Honeycomb 

Catalyst 

 

𝑟ℎ =
𝑃 − 𝑇

2

 
0.745 0.68 

Wire Mesh 

Screen 

 

𝑟ℎ =
𝐷 (1 −

𝜋𝑚𝐷
4

)

𝜋𝑚𝐷

 

𝑚 = number of openings/inches 

0.713 0.88 

 

3.    Results and Discussion 

Simulations were conducted with varying levels of electric power input to the loudspeaker to 

increase the acoustic power utilized by the stack for heat transfer, leading to a temperature difference 

across the stack. Fig. 3 illustrates the effect of electric power input WL on the temperature difference 

across the stack (TA-TC) under no-load condition and different stack geometries and materials. This is 

done because WL induces high-amplitude gas oscillations, which are necessary to generate the 

temperature difference (TA-TC). It can be observed that an increase in electric power leads to an increase 

in the temperature difference (TA-TC) for all stacks. This behaviour is expected, as TA-TC is proportional 

to amplitude of gas oscillations increased by increasing WL [2,18]. Additionally, at low WL, the 
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rectangular stack generates the highest TA-TC among the stacks. However, at high WL, the screen stack 

produces the highest TA-TC, reaching around 32°C. At low WL, the oscillation of the working gas is 

influenced by the stack's porosity, with the rectangular stack having a lower porosity than the others. 

High porosity leads to greater viscous losses, which, in turn, affect heat transfer within the stack. At 

high WL, however, porosity does not impact TA-TC, indicating a nonlinear behaviour that falls outside 

the scope of this study. 

 

Fig. 3. Temperature of the cold heat exchanger as function of the electric power supplied to the loudspeaker. 

The superior performance of the screen stack is confirmed by Fig. 4, which illustrates the acoustic 

power absorption by the stack as a function of WL. It is evident that from the initial stages of WL, the 

screen stack absorbed more acoustic power to transferring heat across the stack than all other stacks. 

Additionally, we found that the material type of the stack significantly affects heat transfer. Stacks with 

lower thermal conductivity have more difficulty transferring heat, which results in greater heat transfer 

through the air rather than through the stack. Conversely, stacks with high specific heat capacity absorb 

more heat from the air 

 

Fig. 4. Acoustic power (Wabsorption) along the stack as function of the electric power supplied to the loudspeaker. 
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. Consequently, the screen stack mad of stainless steel absorbs more heat but experiences less heat 

loss compared to other stacks. This ultimately leads to a higher TA-TC for the screen stack compared to 

other stacks. To measure the performance of the thermoacoustic refrigerator, we need to apply a load to 

the cold heat exchanger. Fig. 5 shows the cold heat exchanger temperature (TC) as a function of the 

cooling power (QC). In this study, we set the maximum TC at 288 K or 15°C, as this temperature is 

recommended for storing shelf-stable foods[19]. As shown in Fig. 5, the plate stack was only able to 

generate a QC of 50 W, whereas the rectangular stack was able to generate a QC of 240 W. The highest 

QC, around 330 W, was achieved when the thermoacoustic refrigerator used the screen stack. This result 

is in line with Fig. 3, which indicates that the screen stack is preferable as a stack in a thermoacoustic 

refrigerator.  

 

 

 

 

 

 

 

Fig. 5. Temperature of cold heat exchanger (CHX) TC as function of the cooling power QC. 

 

 

 

 

 

 

 

 

Fig. 6. COP as function of cold heat exchanger TC. 

Fig. 6 shows the performance measurements COP as a function of cold heat exchanger temperature 

TC. As can be seen from Fig. 6, the COP increases as the heat load increases for stacks. Stack screen as 

it generated lowest temperature, it produced the highest COP to reach 0.81. Therefore, the findings 

underscore the importance of stack design in optimizing thermoacoustic refrigeration systems, 

particularly for enhancing efficiency and achieving better cooling performance. 



 

Journal of Engineering and Applied Technology                                                                            

Vol. 6, No. 2, August 2025, pp. 54-61 

    

 

 

Murti  et al., Numerical study of a thermoacoustic refrigerator with different stack geometries 60 

 

 

4.   Conclusion 

This study highlights the significant impact of stack geometry on the performance of 

thermoacoustic refrigerators. Previous research faced challenges in identifying the optimal stack 

geometry due to variations in system configurations. To address this, the current study utilized DeltaEC 

software to evaluate different stack geometries under consistent conditions. The findings reveal that the 

wire mesh screen stack outperformed other geometries, achieving the highest temperature difference 

and coefficient of performance. Its superior acoustic and thermal properties make the wire mesh screen 

stack the most effective choice for enhancing the cooling performance of thermoacoustic refrigeration 

systems. These results underscore the potential of thermoacoustic devices as a sustainable and 

environmentally friendly alternative to conventional cooling technologies, supporting further research 

and development in this field. 
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