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ABSTRACT 

A thermoacoustic engine is a engine that converts thermal energy into acoustic energy, which can be used to 

generate electricity or cooling. This engine is attractive because it consists only of a stack, heat exchangers, and a 

resonator. The stack serves as the primary component for the energy conversion process and consists of porous 

materials like an array of stainless steel mesh screens. To generate the acoustic energy, a minimum temperature 

difference is necessary between the two sides of the stack, called the onset temperature difference. However, the 

calculation for prediction of onset temperature on the stack made of mesh screen has not been addressed. 

Therefore, the objective of this paper is to propose a method that can be used to estimate the onset temperature 

difference in standing wave thermoacoustic engine with stacks made of mesh screen arrays. The onset 

temperature difference is predicted numerically using linear stability theory and matrix transfer methods. 

Experimental verification is carried out by using standing wave thermoacoustic engine from pervious study. The 

results showed that the lowest onset temperature difference (TH - TC = 140ºC) is obtained when rh = 0.497 mm. 

Furthermore, the numerical and experimental onset temperature difference comparisons show a qualitative 

agreement, allowing the onset temperature prediction method to be used in designing standing wave 

thermoacoustic engines with stacks made of mesh screens. 

Keywords: onset temperature, thermoacoustic engine, standing wave, stack mesh screen. 

 

 

  

Introduction 

A thermoacoustic engine is a device that 

transforms heat energy into acoustic energy, 

which can be harnessed either for electricity 

generation [1] or for powering a cooling 

system [2]. Generally, thermoacoustic engines 

are categorized into two types based on the 

phase difference between pressure oscillations 

and the velocity of the working gas within the 

stack: standing wave thermoacoustic engines 

with straight pipe resonators (depicted in 

Figure 1(a)) and traveling wave engines with 

circular pipe resonators (shown in Figure 1(b)). 

Researchers have shown interest in these 

engines due to their eco-friendly nature, 

absence of greenhouse gas emissions, 

straightforward design, and the ability to 

utilize waste heat as an energy source, placing 

them in the category of external combustion 

engines [3]. 
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One approach to reduce the onset temperature 

is by optimizing the hydraulic radius of the 

stack. The hydraulic radius is a critical 

parameter used to determine the size of the 

pores in the stack. The correct pore size is 

essential for achieving a low onset temperature 

by facilitating efficient interaction between the 

working gas and the stack. Abduljalil explored 

various stack materials and found that a mesh 

screen arrangement resulted in a lower onset 

temperature compared to other materials [4]. 

Hariharan investigated how the hydraulic 

radius of parallel plate stacks affects the onset 

temperature difference [5]. Both experimental 

and simulation results indicated that the 

hydraulic radius significantly influences 

thermoacoustic engine performance. 

Sakaguchi examined the effects of different 

hydraulic radii of mesh screen stacks and stack 

locations on the onset temperature variation 

[6]. The observations revealed that there are 

optimum values for both the hydraulic radius 

of the mesh screen stack and the stack's 

location for each thermoacoustic engine. 

 

 
Figure 1. Schematic diagram of standing wave 

(a) and traveling wave (b) thermoacoustic 

engine. A Thermodynamic cycle occurs in the 

stack (c). 

 

Based on the references mentioned above, it is 

evident that using a stack made of a mesh 

screen arrangement offers advantages over 

other materials, including ease of availability, 

cost-effectiveness, and high thermal 

conductivity. However, determining the 

optimal hydraulic radius can be a time-

consuming and costly trial-and-error process. 

Ueda developed a method to predict the onset 

temperature for both standing wave 

thermoacoustic engines (Figure 1(a)) and 

traveling-wave engines (Figure 1(b)) [7]. 

Similarly, Hyodo proposed a method for 

predicting the onset temperature in combined 

loop and straight-tube thermoacoustic engines 

[8]. However, their calculations were based on 

stacks with cylindrical or parallel plate pores, 

while stacks with mesh screen pores, which 

exhibit random characteristics, remained 

unexplored. Consequently, there is a need for a 

method to predict the onset temperature of 

thermoacoustic engines that utilize stacks 

made of mesh screens. 

 

The aim of this study is to develop a method 

for predicting the onset temperature of a 

standing wave thermoacoustic engine with a 

mesh screen stack. The calculation of the onset 

temperature relies on the general 

thermoacoustic equation. A standing wave 

thermoacoustic engine was constructed to 

validate the calculation results. The 

comparison of results indicates a qualitative 

agreement between the calculated and 

experimental onset temperatures, 

demonstrating the potential of this method for 

use in the design of standing wave 

thermoacoustic engines having mesh screen 

stack. 

 

 

Thermoacoustic Engine Model 

 

 
Figure 2. Schematic diagram of standing wave 

thermoacoustic by ref. [9] . 

 

Tabel 1. Calculation of rh stack mesh screen 
Mesh number (/inch) rh (mm) 

8 0,903 

10 0,713 

12 0,583 

14 0,497 

18 0,381 

In this study, we used standing wave 

thermoacoustic engine having mesh screen 

stack from previous study [9]. Figure 2 shows 

a schematic diagram of standing wave 

thermoacoustic engine. The resonator length 

was 128 cm with 6.8 cm inner diameter. The 

hot heat exchanger was made of copper 
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cylinders with a diameter of 6.8 cm, a length of 

3 cm, and 40 axial holes with a diameter of 2.5 

mm. The cold heat exchanger was also made 

of copper cylinders with a diameter of 6.8 cm, 

a length of 4 cm, and axial holes with a 

diameter of 2 mm. The stack was made up of 

layers of wire mesh screens with mesh 

numbers #8, #10, #12, #14, and #18, with stack 

lengths ranging from 3 to 6 cm. Table 1 

provides calculations for the hydraulic radius 

of the mesh screen stack material. The working 

gas was air at atmospheric pressure and 

temperature. 

 

Calculation Method 

To predict the onset temperature of a 

thermoacoustic engine, the general equation 

used is the acoustic approximation, which is 

based on Rott's approach to the hydrodynamic 

equations of energy, momentum, and 

continuity [10]. These equations assume that 

the acoustic variables obtained represent mean 

values, and it accounts for slight changes in the 

angular frequency ω = 2πf of the system. 

Consequently, the equation mentioned above is 

transformed into a set of coupled differential 

equations describing the complex pressure p1, 

and the complex velocity v1, of the gas 
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where Tm, ρm, Pm, γ, and Pr denote temperature, 

desnity, pressure, specific heat ratio, dan 

Prandtl number of working gas. A denotes 

cross-sectional area of tube. χj is 

thermoacoustic function as  
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where j = α (gas thermal diffusivity) atau ν (gas 

kinematic viscosity) and r0 is radius of tube. 

When the right-hand side of equations (1) and 

(2) is considered constant within a channel 

segment of length L, these equations can be 

solved analytically and expressed as such 

(Hyodo et al., 2017) 

 

 

 

 R

p x x p x
M

v x x v x

   
   

    
,  (5) 

where MR denotes transfer matrix with 

2

2
sinh( ) cosh( ) sinh( )

2
sinh( ) sinh( ) cosh( )

GL

R

G Z

M e
Y G

  
 

  
 

 
   
   
 
  
 

,
 

     (6) 

and  

1

(1 )(1 )

v m

v m

dT
G

Pr T dx

 






    (7) 

 1 ( 1)

m

A
Y i

P

 




 


  (8) 

1

1

m

v

Z i
A





 

    (9) 

2 4G YZ  
   (10) 

/ 2L 
.    (11) 

The transfer matrix for the stack Mstk, and the 

thermal buffer tube Mtbt, is the same as 

equation (6). Meanwhile, the transfer matrices 

for the resonator Mt, and the heat exchangers 

(MHE for the hot heat exchanger and MCE for 

the cold heat exchanger) are also the same as in 

equation (6), but with G=0 since there is no 

temperature change occurring along the 

resonator and heat exchangers. The channel 

radius in the transfer matrix for the stack Mstk is 

calculated using the hydraulic radius equation 

rh for randomly porous materials (wire mesh 

screen) as [11] 

4(1 )
h wirer D






 ,   (12)
 

where Dwire is diameter of wire mesh screen 

and ϕ is porosity of mesh screen calculated by  

1
4

wirenD
  

   (13)
 

where n is wire mesh screen number. 

  

According to Fig. 1(a), a standing wave 

thermoacoustic engine consists of a resonator, 

heat exchangers, stack, and thermal buffer 

tube. Thus, the overall transfer matrix Mall is 
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obtained by multiplying several segments 

together  

all t CE stk HE tbt tM M M M M M M
. (14)

 

It is important to note that these calculations 

neglect nonlinear effects and minor losses to 

simplify the computations [7]. When the 

complex amplitudes of acoustic pressure and 

volumetric velocity of the gas at the location x 

= 0 (see Figure 1(a)) are denoted as p0 and v0, 

then the pressure and volumetric velocity at the 

end of the resonator pipe are pL and vL, 

respectively. Therefore, equation (5) can be 

written as follows 
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Since both ends of the resonator are closed, v0 

and vL must be equal to zero, making equation 

(15) become 
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p0 dan pL at Eq. (16) is non zeo if m21 is zero or 

21 0m 
,    (17)

 

where m21 is an element of Mall.  

The onset temperature is obtained by solving a 

solution from the left-hand side of Eq. (17) as 

a function of the angular frequency y(ω) when 

provided with values for the hydraulic radius 

of the stack rh and the hot heat exchanger 

temperature TH. The Secant method is 

employed to find the solution for y(ω) = 0 by 

providing an initial value ω0 or ω1 that 

approaches the fundamental angular frequency 

of the system. The calculation proceeds until 

the convergence condition is met, where ωn 

and ωn+1 are 
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The solution for ω is a complex number, where 

the real part represents the fluctuation in the 

angular frequency of the thermoacoustic 

engine, and the imaginary part reflects the 

system's stability. When the imaginary part of 

ω is positive, the system is in a stable state, 

meaning there are no spontaneous oscillations 

of the working gas. When ω becomes a real 

number, the system is in a neutrally stable state. 

On the other hand, when the imaginary part of 

ω is negative, the system is in an unstable state, 

indicating spontaneous oscillations of the 

working gas within the system [8]. The 

temperature difference between the hot heat 

exchanger TH and the cold heat exchanger TC 

under unstable conditions is referred to as the 

onset temperature difference. 

 

Results and Discussions 
 

 
Figure 3. Influence of temperature difference 

(TH-TC) on real part ωR (a) dan imaginary part 

ωI (b) when stack wire mesh screen with rh = 

0.713 mm and length of 6 cm. 

 

Figure 3(a) and 3(b), respectively, illustrate the 

influence of temperature difference on the real 

part ωR and the imaginary part ωI of the 

complex frequency of the system when the 

stack has rh = 0.713 mm and a length of 6 cm. 

In Fig. 3(a), it can be observed that ωR 

gradually increases with TH-TC. Meanwhile, in 

Fig. 3(b), ωI slowly decreases from positive 

values to negative ones and crosses ωI = 0 

when TH-TC = 240 ºC. The condition where ωI 

= 0 represents the moment just before 

spontaneous oscillations occur, known as the 

critical temperature. Therefore, the onset 

temperature (when oscillations occur) is 

determined in the calculations when ωI > 0 

(negative). 

 

Figure 4 shows the calculation and 

experimental results of the onset temperature 

difference concerning the hydraulic radius and 

the length of the mesh screen stack in the 
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standing wave thermoacoustic engine. It can be 

observed that a hydraulic radius of rh = 0.497 – 

0.583 mm yields the lowest onset temperature 

difference compared to others for all stack 

lengths. Additionally, it's evident that 

increasing the stack length leads to an increase 

in the onset temperature. 

 

When the rh value is large, the working gas 

requires a significant amount of heat to 

oscillate and transfer heat to the stack walls 

due to the substantial distance between them, 

resulting in a high onset temperature. 

Similarly, when rh is small, the working gas 

faces difficulties in oscillating due to viscous 

losses, which cause an increased heat 

requirement, leading to a higher onset 

temperature [11]. Meanwhile, the stack length 

affects the onset temperature because it 

determines the amount of heat required to 

reach the minimum oscillation temperature. 

 

 
Figure 4. Hydraulic radius rh as a function of 

temperature difference TH-TC. Lines denote 

calculation results, whereas symbols denote 

experimental results by ref [9]. 

 

From Fig. 4, it can also be concluded that the 

difference in onset temperature between the 

calculation and the experiment shows 

qualitative agreement. The discrepancy 

between them is attributed to heat loss and 

viscous losses that occur during the 

experimental process, which are not considered 

in the calculations. We consider by Adding 

thermal insulation around the stack and heat 

exchangers will result in a reduction of the 

discrepancy. Therefore, it can be concluded 

that the proposed calculation method can be 

used to predict the onset temperature when one 

intends to construct a standing wave 

thermoacoustic engine, saving both time and 

costs. 

 

Conclusions 

This study presents a numerical method to 

predict the onset temperature difference in the 

standing wave thermoacoustic engine using a 

stainless steel mesh screen stack. Verification 

of the calculations was carried out against 

previous result. The results indicate that the 

onset temperature prediction qualitatively 

aligns with experimental results. It is expected 

that the findings of this study can reduce the 

costs and time required in the design process 

of standing wave thermoacoustic engines. 
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