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Abstract. The resonant tube is a key component in thermoacoustic refrigeration machines. Studying
the geometric structure of the resonant tube on its static stress distribution, modal and natural
frequency can improve the working performance of the resonant tube. This article starts with the
working principle and geometric structure design of the resonant tube, then establishes a resonant
tube model and analyzes the influence of alternations in the geometric structure parameters of the
resonant tube on its static stress distribution and resonant frequency. The research results indicate
that the equivalent stress of the mutant resonant tube is the smallest compared to the gradient
resonant tube; The resonant frequency of the resonant tube slowly increases with the increase of
the opening angle, and rapidly decreases with the increase of the tail cavity radius. Based on the
conclusions above, this article explores a method for designing a resonant tube with a specific
resonant frequency: by adjusting the geometric parameters of the resonant tube, its resonant
frequency will continuously alter and gradually approach the acoustic driving frequency to achieve
resonance and output the maximum acoustic pressure. This design method provides important
theoretical basis for the design of resonant tubes in practical engineering applications.
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1. Introduction

Thermoacoustic refrigeration technology is a new refrigeration technology proposed in the 1980s.
Resonant tubes are widely used in thermoacoustic refrigeration machines. The principle of a resonant
tube is to use geometric design to reflect and superimpose sound waves inside the tube, forming
standing waves or traveling waves, thereby amplifying sound pressure oscillations and maintaining
the required sound field of the system. In a thermoacoustic refrigeration unit, the resonant tube
transfers acoustic energy from the sound source to the thermoacoustic stack. By adjusting the sound
field distribution, generating and maintaining acoustic oscillations, it drives the thermodynamic cycle
of the working fluid and improves refrigeration efficiency. Therefore, studying and optimizing the
structural design scheme of resonant tubes to improve their working efficiency is of great practical
significance for the development of thermoacoustic refrigeration technology and the improvement of
energy utilization efficiency.

In recent years, significant research progress has been made in various aspects of resonant tubes
for thermoacoustic refrigerators both domestically and internationally. Yu Yanan et al. [1] found that
the total length of the resonant tube determines the approximate range of the resonant frequency,
while the ratio of the length to the diameter of the sub tube determines the precise value of the resonant
frequency and the relationship between the resonant frequency of each mode. The research team of
Xi'an Jiaotong University proposed a new type of gas-liquid coupled double acting traveling wave
thermoacoustic refrigeration system. The system structure size was optimized through numerical
simulation, and it was found that with the increase of system stages, the power density of the whole
machine increased [2]. Hu Angi et al. [3] found that the small gap at the closed end of the acoustic
resonant tube can change its resonant frequency. The frequency increases with the increase of the
hole area, and the growth rate is first fast and then slow.
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The research on resonant tubes in thermoacoustic refrigerators is more mature abroad. Tests were
conducted on the temperature differences of resonators with different stacks used in a simple
thermoacoustic refrigerator at five different positions, and it was found that the longer stack with the
smallest porosity produced the best results at the position closest to the acoustic driver [4]. Sun W et
al. [5] revealed the acoustic matching mechanism of the Speaker Driven Thermoacoustic
Refrigeration System (LSTAR), and found that the radial size of the system and the electromechanical
parameters of the speaker are the key factors determining the matching effect. In terms of nonlinear
acoustic and thermodynamic coupling effects, researchers have further revealed the complex
mechanism of the interaction between sound waves and heat flow in thermoacoustic tubes through
numerical simulations and experimental verification [6].

This article innovatively starts with the geometric structure design of the resonant tube, exploring
the influence of the geometric structure of the resonant tube on its working performance. This article
uses SolidWorks to establish resonant tube models with different geometric structural parameters,
and uses ANSYS simulation software for stress analysis and modal analysis to explore the
relationship between the static stress, operating frequency, opening inclination angle, and tail cavity
radius of the resonant tube.

2. Theoretical basis for numerical simulation of thermoacoustics

The use of computational fluid dynamics software Solidworks to simulate the acoustic flow field
inside the resonant tube of a thermoacoustic refrigeration machine is a process of using numerical
methods to solve the partial differential equations that are difficult to solve in thermoacoustic
problems, in order to obtain the numerical solution of the required scalar. The theoretical basis
involved in this numerical simulation process includes the thermoacoustic theory foundation and the
numerical processing foundation of the software itself [7].

2.1. The thermodynamic basis of thermoacoustics

The foundation of thermodynamics is the first and second laws of thermodynamics. Heat can be
transferred from one object to another, or converted into mechanical or other energy, but the total
value of energy remains constant during the conversion process; The increase in internal energy of
an object is equal to the sum of the heat absorbed by the object and the work done on the object. This
is the first law of thermodynamics [8]:

dU = 6Q — W (D

Heat cannot spontaneously transfer from low-temperature objects to high-temperature objects.
This is the Clausius formulation of the second law of thermodynamics. In natural processes, the
entropy of an isolated system does not decrease. That is:

ds > 6Q/T @)
2.2. Acoustic Fundamentals of Thermoacoustics

For thermoacoustic resonant tubes, physical parameters such as sound pressure and particle
vibration velocity, temperature and density in the acoustic flow field inside the tube are important.
Taking compressible simple fluids as the research object, assuming that the sound amplitude is small
and the solid medium is rigid and fixed, based on first-order acoustic content and linear N-S equations,
energy equations, etc., the following equations expressing physical quantities are obtained [9]:

Sound pressure equation:

P = Pm + Re[p;(x)e™"] 3)
Velocity equation:
u = Re[u,(x,y,2)e™t] 4)
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Temperature equation:

T =T, + Re[T;(x,y,2)e™] (5)
Density equation:

p = pm + Re[ps(x,y,2)e™"] (6)
Displacement equation:

S = 5, + Re[s;(x,y,2)e™t] (7)

2.3. Fundamentals of Fluid Mechanics in Thermoacoustics

The foundation of fluid mechanics in thermoacoustic mainly includes three main equations: the
conservation of mass equation, the conservation of momentum equation, and the energy equation.
Continuity equation:

2 +7(pv)=0 (8)
Momentum equation:
pIE + (v V)v] = —VP + uV?v )
Energy equation:
%(pe + %plvlz) =-V- [—kVT —va' + (ph + %plvlz)v] (10)
Combine the three equations to obtain the entropy equation:
P& +v-78) =V kVT = k' TL 4 o7, Sgen = 0 (11)

3. Construction of Resonant Tube Model

The resonant tube is an important component of standing wave thermoacoustic refrigeration
machines, which can store some acoustic energy and adjust the resonant frequency. The relevant
model parameters can have a significant impact on the refrigeration of the refrigeration machine. The
resonant frequency of the heat engine should be close to or consistent with the design frequency. The
resonant tube can be divided into two forms: 1/4 wavelength and 1/2 wavelength. At the open end,
the pressure reaches its maximum value and the velocity is zero; At the end, the opposite is true, with
the minimum pressure and the maximum speed achieved.

The length of a resonant tube in the form of 1/4 wavelength is determined by operating frequency
[10]. If L is the length of the resonant tube, c is the speed of sound and f is the design frequency,
then:

C
L= (12)

Using 2000 Hz as the design frequency and a sound velocity of 340m/s, according to the above
formula, the length of the resonant tube should be designed to be 42.5 mm. Take 40 mm as the length
of the resonant tube, with an axial length of 4mm for the front opening, 21 mm for the middle lumen,
and 15 mm for the tail lumen. The radius of the middle lumen is taken as 4 mm; The opening angle
changes from 300 to 600, and the diameter of the front opening changes with the change in opening
angle; The radius of the tail cavity is taken as 15 mm. The structural design of the resonant tube
mentioned above is shown in Figure 1 and 2.
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(Unit : mm)

21 15
Figure 1. Cross sectional structural Figure 2. Stereoscopic structural
diagram of resonant tub diagram of the resonant tube

4. Equivalent stress analysis of resonant tube model

4.1. Material setting and grid division

The resonant tube is manufactured by structural steel, and its characteristic parameters are shown
in Table 1.

Table 1. Characteristic parameters of structural steel used in resonant tubes

Material Structural steel
thickness d 2mm
density p 7850 kg/m?
Elastic modulus E 2.06<10! Pa
Poisson's ratio u 0.28

Build a set of thermoacoustic tube models using the software SolidWorks, and gradually increase
the inclination angle (a angle in Figure 1) of the left lumen of each model from 300 to 600 to explore
the influence of the thermoacoustic tube structure on its static stress distribution and mode.

In software ANSYS Workbench, add the "Static Structure" analysis system, import the established
resonant tube structure model into it, set the grid size to 2mm, and establish the grid. The total number
of nodes in the obtained grid is 19000-21500, and the number of units is 13000-14000. The generated
grid is shown in Figure 3. The left end face of the model is set as a fixed surface, and a static stress
of 500N is applied at the junction of the left lumen and the middle lumen, as shown in Figure 4.

[ Force:500.N
Components: 0,500,0. N

0.00 20.00 40.00 (mm) 0.00 30.00 (mm)
. Ta— )
10.00 30.00 15.00
Figure 3. Grid division results Figure 4. Constraints and Force Settings

Based on the divided grid, the equivalent static stress of the models with different inclination
angle are analyzed. The results are shown in Figure 5 to 11.
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Type: Equivalent fvon-Mises) Stress
Unit: MPa
Time:1s

2025/3/22 1640

22.537 Max
20033
17.529
15.025
12521
10017
75124
50083
25041
3.1897e-10 Min 0.00 30.00 (mm)

15.00

Figure 5. Inclination angle: 30°

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1=
2025/3/22 1655

23.884 Max
21.231
18577
15923
13.269
10.615
79615
5.3077
26538

5.1677e-10 Min 0.00 30.00 (mm)

L S—
1500

Figure 7. Inclination angle: 40°

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 153

2025/3/23 1:25

24.296 Max
21.597

18.897

16197

13.498

10.798

80987

5.3992

26996
3.452e-10 Min

0.00 30.00 (mm)
L SS—
15.00

Figure 9. Inclination angle: 50°

Type: Equivalent fvon-Mises) Stress
Unit: MPa
Time:1s
2025/3723 1:29

21.38 Max
19.004

16629

14.253

11878

95022

7.1267

4751

2.3756
5.1841e-10 Min

Type: Equivalent (von-Mises) Stress
Unit; MPa
Time:1s
2025/3/22 1645

23.042 Max
20452
17922
15.361
12801
10.241
7.6307
51205
25602
3.9981e-10 Min 000

30.00 (mm)
15.00

Figure 6. Inclination angle: 35°

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time:1s

2025/3£23 113

20.677 Max
18.379

16082

13.785

11.487

9.1897

68923

45949

22974
2.8984e-10 Min

0.00 30.00 (mm)
1500

Figure 8. Inclination angle: 45°

Equivalent Stress

Type: Equivalent [von-Mises) Stress
Unit: MPa

Time: 1=

2025/3/23 1:36

23.222 Max
20.642

18.061

15.481

12901

10.321

7.7406

51604

2.5802
3.6032e-10 Min

0.00 30.00 (mm)
]
15.00

Figure 10. Inclination angle: 55°

30.00 (rmm)

15.00

Figure 11. Inclination angle: 60°

100



Highlights in Science, Engineering and Technology ESMA 2025
Volume 143 (2025)

Replace the gradient resonant tube with a mutant resonant tube, and its geometric structure is
shown in Figure 12. Using the same parameters and methods for static stress analysis, the results are
shown in Figure 13.

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15

2025/3/23 849

16.813 Max

[P 14945
(Unit : mm) S
1 ' 11.208
E& 9.3404
- 74723
5.6042
37362
13 21 15 e
7.3496e-11 Min
0.00 40.00 {mm)
- R R e e e L -— - 2000 .
Figure 12. The cross-sectional structure Figure 13. Stress analysis of mutant
of the mutant resonant tube resonant tube

Draw the above research results into a table, and the equivalent stress extreme values of the
resonant tube at each angle are shown in Table 2.

Table 2. Equivalent stress extremum of resonant tubes at various inclination angles

angllgclmatlon Maximum equivalent stress / Pa Minimum equivalent stress /10° Pa
30° 20.139 3.4459
35° 18.135 3.0117
40° 19.270 1.4275
45° 17.371 4.4166
50° 18.816 7.2021
55° 16.292 1.8778
60° 17.945 4.2661
90° 12.393 3.7058

From the results, we can see that when the inclination angle is 550, the resonant tube model as a
whole experience the minimum equivalent stress, with a maximum equivalent stress of 16.292 Pa.
The stress distribution of various resonant tubes follows the following pattern: the equivalent stress
is highest on the stress line (the connection circumference between the left and middle lumens),
gradually decreases near the connection surface, and relatively lowest on the tube surfaces far from
the stress point.

The equivalent stress of the mutant resonant tube at the junction of the two tube sections is
significantly lower than that of each gradual resonant tube, with a maximum equivalent stress of
12.393Pa, which is 31.7% lower than that of the gradual resonant tube with an inclination angle of
550; the minimum equivalent stress is 3.7058x 107 Pa, which is 13.1% lower than the gradient
resonant tube with an inclination angle of 55o0.

5. Modal analysis of the resonant tube

We model the resonant tube, conduct modal analysis, adjust the cavity size, and gradually approach
the design frequency. When the design frequency is basically the same as the driving frequency,
resonance occurs, resulting in the highest sound pressure and the strongest sound field, effectively
improving the efficiency of the thermoacoustic refrigeration machine.
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5.1. Exploring the Influence of Inclination Angle on Resonant Frequency

The material of the resonant tube is structural steel. In ANSYS Workbench software, add a
"modal” analysis system and import the established resonant tube structure model into the mechanical
module. Set the mesh size to 2mm and create a mesh. The obtained grid has a total of 20000~22000
nodes and 13000~14000 units.

The left end face of the resonant tube is set as a fixed surface constraint, with no constraint force,
and the maximum modal order is set to 6. Taking a resonant tube with an opening angle of 30o as an
example, the 1st to 6th modes of vibration were calculated, and the results are shown in Figures 14
to 19. From the various modes shown in the Figure, it can be seen that the first and second modes are
characterized by shaking changes, the third mode is characterized by radial changes that meet the
requirements, and the fourth and fifth modes are characterized by shaking changes. Therefore, the
third mode of vibration is what we need.

Type: Total Deformation Type: Total Deformation
Frequency: 1040.3 Hz Frequency: 1040.5 Hz
Unit: mm Unit: mm
2025/3/16 10:25 2025/3/16 1103

154.82 Max - 154.83 Max

137.62 137.62

12042 12042

103.22 103.22

86013 86014

6581 6811

51.608 51.608

34405 34406

17.203 17.203

0 Min -8 5 Min

Figure 14. 1st order mode of vibration Figure 15. 2nd order mode of vibration
Type: Total Deformation Type: Total Deformation
Frequency: 1859.5 Hz Frequency: 6739.2 Hz
Unit: mm Unit: mm
2025/3/16 1507 2025/3/16 1607

154.92 Max 211.54 Max

13111 188,03

1205 16453

103.28 141.03

86063 117.52

63.855 94017

51.641 70.513

34427 47.009

17.214 23.504

0 Min 0 Min

Figure 16. 3rd order mode of vibration Figure 17. 4rd order mode of vibration

Alter the inclination angle of the resonant tube and explore the effect of the opening angle of the
resonant tube on the resonant frequency. The resonant frequencies of each order mode of the resonant
tubes are shown in Figure 20 to 27.

Mode |[v Frequency [Hz] | Mode |[v Frequency [Hz] | __|Mode v Frequency [Hz] | __|Mode [v¥ Frequency [Hz] |
1|1 1040.3 1)1, 1046.1 1 ‘1. 1053.8 1|1 1054.3
22 10405 2|2 10463 2|2 10855 2|2 10546
3|3 1859.5 3s. 1865.6 3|3 1876.5 33 1874.3
ala. 67302 4la 67784 ala 68695 ala 68222
5|5. 67416 s|s. 67808 5|s. 69126 s|s. 68236
6|6, 10452 6|6 10474 6l6. 10521 6|6 10502
Figure 20. Inclination  Figure 21. Inclination ~ Figure 22. Inclination  Figure 23. Inclination
angle: 30° angle: 35° angle: 40° angle: 45°
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Mode |[V Frequency [Hz] | _|Meode [V Frequency [Hz] | _|Mode |[v Frequency [Hz] | | Mode |[¥ Frequency [Hz] |
111 1057.1 1‘1. 1059.8 11, 1060.9 11 1065.6
212 10578 2|2 10599 2|2 1061.4 2|2 10658
3l3. 18777 E 1880.7 33 1883.2 3|3 1893.8
4la. 68404 4|4 68548 44 68607 4|a 68934
5|5, esdss 5[5. 68595 5/5.  6865.4 5[5. 68975
6l6. 10513 6/6. 10522 6/6. 10526 6|6, 10543

Figure 24. Inclination  Figure 25. Inclination ~ Figure 26. Inclination  Figure 27. Inclination
angle: 50° angle: 55° angle: 60° angle: 90°
According to experimental data, as the opening angle of the resonant tube increases, the resonant
frequencies of each mode of the resonant tube slowly increase. When the order is fixed, for every 50
increase in the opening angle of the resonant tube, the resonant frequency increases by an average of
0.3%. When the opening angle of the resonant tube is fixed, the higher the order, the higher the
resonant frequency. Among them, the resonant frequencies of the 1st and 2nd, 4th and 5th modes of
each resonant tube are very close, and there are significant differences between the 6th resonant
frequency, 4th and 5th resonant frequencies, and the 1st, 2nd, and 3rd resonant frequencies.

5.2. Exploring the Influence of the Tail Cavity Radius on the Resonant Frequency

On the basis of exploring the influence of opening angle on its resonant frequency, the tail cavity
radius of the resonant tube was changed to investigate the effect of the change in tail cavity radius on
the resonant frequency. Build the corresponding resonant tube model in SolidWorks, with the tail
cavity radius varying from 15 mm to 22 mm, increasing by 1 mm each time. The remaining geometric
parameters are consistent with Figure 1.

Set the grid size to 2 mm and establish a grid. The total number of nodes in the obtained grid is
27000~40000, and the number of elements is 18000~27200 (the larger the tail cavity radius, the more
nodes and elements there are). The left end face of the resonant tube is set as a fixed surface constraint,
with no constraint force, and the maximum modal order is set to 6. Represented by a resonant tube
with an opening angle of 600, the resonant frequencies of the first to sixth orders of the resonant tube
were calculated for different tail cavity radius. The experimental results are shown in Figure 28 to 35.

Mode || Frequency [Hz] | | Mode ] [v_Frequency [Hz] I . Mode | |V Frequency [Hz] J |Mode | [v Frequency [Hz] I
1)1 1040.3 1] 968.51 1] 905.73 1)1 847.85
2|2 10405 22 96862 2[2. 90605 2|2 84786
3(3. 18595 3/3.  163s. 3|3 14494 303 12921
ala 67392 4|4 60979 4] ssus ala 50523
5/5. 67416 5/5. 61005 5/5. 55506 5|5. 50549
6|6 10452 6|6. 97924 6|6 92097 6le. 8680
Figure 28. Tail Cavity Figure 29. Tail Cavity Figure 30. Tail Cavity Figure 31. Tail Cavity
Radius: 15 mm Radius: 16 mm Radius: 17 mm Radius: 18 mm
| Mode | [v Frequency [Hz] ] | Mode . [v Frequency [Hz] ] | Mode | [V Frequency [Hz] ] | Mode | [v Frequency [Hz] ]
1]1. 796.66 1]1. 750.2 11 708.12 1 669.47
22 79676 2|2 7%03 2|2 70829 2l2. 6695
3 .3_ 1159.8 3 .3 1046.8 3 .3 949.57 3_3. 865.09
4|4 46348 4la 42621 4|4 39394 414 36475
i 5. 4638.6 5|5 4262.6 5 .5_ 3941.3 5_ 5. 3650.4
6/6. 8212 6l6. 77827 6|6 73973 6/6. 70416
Figure 32. Tail Cavity Figure 33. Tail Cavity Figure 34. Tail Cavity  Figure 35. Tail Cavity
Radius: 19 mm Radius: 20 mm Radius: 21 mm Radius: 22 mm

According to experimental data, as the tail cavity radius of the resonant tube increases, the resonant
frequencies of each order of the resonant tube will significantly decrease. During the process of
changing the tail cavity radius from 15 mm to 22 mm, the 1st and 2nd order resonant frequencies of
the resonant tube decreased by 35.6%, the 3rd order decreased by 53.4%, the 4th and 5th order
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decreased by 45.8%, and the 6th order decreased by 32.6%. The average resonant frequency of each
mode was 41.47%; On average, for every 1 mm increase in the tail cavity radius, the resonant
frequency decreases by 5.9%.

Under the premise of a change in the tail cavity radius, the law that the higher the order of the
resonant tube, the higher the resonant frequency still holds, and the law that the resonant frequencies
of the 1st and 2nd, 4th and 5th modes of each resonant tube are very close still holds.

5.3. Design Resonant Tubes with Specific Resonant Frequencies

From the above experimental results, it can be concluded that: the resonant frequency of the
resonant tube slowly increases with the increase of the opening angle, and rapidly decreases with the
increase of the tail cavity radius. Based on this conclusion, resonant tubes with specific resonant
frequencies can be designed by continuously adjusting and optimizing the parameter combination of
the opening angle and tail cavity radius of the resonant tube.

As mentioned earlier, this article is designed with a frequency of 2000 Hz. In the second part of
the modal analysis experiment, the third-order resonant frequency of the resonant tube with an
opening angle of 300 and a tail cavity radius of 15 mm was 1859.5 Hz, which is close to 2000 Hz.
Therefore, we adjusted the experimental parameters based on this resonant tube in order to accurately
adjust its resonant frequency to 2000 Hz.

Based on the conclusions from the static stress analysis experiment, the opening angle of the
resonant tube was set to 900 (i.e., the mutant resonant tube) to make its equivalent stress relatively
small. The modal analysis results indicate that the resonant frequency of the third-order mode of the
resonant tube with a sudden change and a tail cavity radius of 15 mm is 1893.9Hz, slightly lower than
the design frequency of 2000 Hz. Therefore, the tail cavity radius should be further increased. After
repeated experimental analysis and comparison, we found that when the tail cavity radius is 14.6 mm,
its third-order resonant frequency is 1998.6 Hz, which is extremely close to the design frequency.
The geometric structure diagram, static stress analysis, and modal analysis results of this resonant
tube (mutant, tail cavity radius 20.8 mm) are shown in Figure 36-39.

14.6 '-

Figure 36. Cross sectional structural diagram Figure 37. Stereoscopic structural diagram
of the designed resonant tube of the designed resonant tube
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Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time:1s

2025/3/23 1617

18.443 Max
16393

Mode |[v Frequency [Hz]
11 10%.

2|2 1098.1

3|3. 1998.6
y 20492 4la 71825
55
6|6

7194.7
10834

0.00 40.00 (mm)
20.00

Figure 38. Static stress analysis results Figure 39. Modal analysis results

5.4. Summary of the Modal Analysis

This chapter establishes resonant tube models with different geometric structures and explores the
effects of the opening angle and tail cavity radius of the resonant tube on the resonant frequencies of
each order. The simulation experiment results show that the first and second modes of vibration are
characterized by shaking changes, the third mode is characterized by radial changes that meet the
requirements, and the fourth and fifth modes are characterized by shaking changes; The resonant
frequency of the resonant tube slowly increases with the increase of the opening angle, and for every
50 increase, the resonant frequency increases by about 0.3%; The resonant frequency also rapidly
decreases with the increase of the tail cavity radius, with a decrease of approximately 5.9% for every
1mm increase in radius.

Based on the above experimental conclusions, we designed the resonant tube with the minimum
equivalent static stress as the base plate, continuously changed its tail cavity radius, and
comprehensively designed the geometric structure of the resonant tube to achieve the effect of the
design frequency being basically consistent with the driving frequency. At this time, the sound
pressure is the highest and the working performance is the best. We found that the resonant tube with
the cross-sectional structure shown in Figure 36 (as shown in Figure 37) has a resonant frequency of
1998.6 Hz, which is highly close to the operating frequency, under the condition of low equivalent
stress, perfectly completing the design of the resonant tube. This chapter innovatively opens up a new
method for adjusting the resonant frequency of the resonant tube, which is beneficial for the practical
engineering application of the resonant tube design in thermoacoustic refrigeration machines. By
continuously adjusting and optimizing the opening angle and tail cavity radius, resonant tubes with
other resonant frequencies can also be designed.

6. Conclusion

This article systematically studies the influence of the geometric structure of the resonant tube in
a thermoacoustic refrigeration machine on its static stress distribution, mode, and resonant frequency
through numerical simulation and experimental analysis. Firstly, resonant tube models with different
geometric structures were established using SolidWorks and static stress analysis and modal analysis
were conducted using ANSYS software. The research results indicate that geometric parameters such
as the opening angle, tail cavity length, and tail cavity radius of the resonant tube have a significant
impact on its stress distribution and resonant frequency. Specifically, as the opening angle of the
resonant tube increases, the resonant frequency slowly increases, while an increase in the tail cavity
radius leads to a rapid decrease in the resonant frequency. In addition, the mutant resonant tube
exhibits significant advantages in equivalent stress distribution with its maximum equivalent stress
being 31.7% lower than that of the gradual resonant tube.
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In modal analysis, this article found that the third mode of the resonant tube is a radial variation,
which meets the working requirements of the thermoacoustic refrigeration machine, while the first,
the second, the fourth and the fifth modes are shaking variations. By adjusting the opening angle and
tail cavity radius of the resonant tube, this paper successfully designed a resonant tube with a resonant
frequency close to 2000Hz. This resonant tube can achieve resonance with the acoustic driving
frequency under low equivalent stress conditions, output the maximum sound pressure, and thus
improve the working efficiency of the thermoacoustic refrigeration machine.

This study provides a universal method for the design of resonant tubes in thermoacoustic
refrigerators. By optimizing geometric structural parameters, resonant tube design for specific
resonant frequencies can be achieved. This article not only helps to improve the performance of
thermoacoustic refrigerators, but also provides theoretical basis and technical support for the design
of resonant tubes in practical engineering applications. Future research can further explore the
influence of other geometric parameters on the performance of resonant tubes to optimize the design
scheme of resonant tubes and promote the development of thermoacoustic refrigeration technology.
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