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ABSTRACT 

INTRODUCTION 

Thermoacoustic 

Numerical simulation has been the first approach to design thermoacoustic devices, as it is 

practical, inexpensive and reliable to predict results with an accuracy close to experiments. Wang 

gives a detailed explanation of how to use ANSYS in the design and analysis of thermoacoustic 

refrigeration devices [1]. 

Among the most difficult elements to simulate are the stacks, because of the big difference 

in the length scale of reference. They are considered as critical elements, as they are located 

where the interchange between thermal and acoustical energies takes place. Many numerical, 

theoretical and experimental efforts have been dedicated to analyzing the length of the stack, the 

position in the resonant cavity, the diameter and geometry of the pores, fibers, homogeneous and 

heterogeneous porous media, even the materials from which they are made [2-7].  

Two main characteristic lengths have been determined,     
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known as the thermal penetration depth and the viscous penetration depth, respectively. They are 

important design parameters for stacks and optimize the performance of any thermoacoustic 

device. By example, it has been found that a plate spacing of 3�
�
 in the stack gives the optimum 

performance for thermoacoustic devices [4]; the heat conduction is relevant if the channels have 

lengths between 10-20 times �
�
		[5,6].  

High frequency and pressure operation conditions are the usual approach for thermoacoustic 

devices of reduced size and practical feasibility. As a result, heat is generated by viscous losses 

and vorticity, mainly around the stacks. Many different topologies of stacks have been analyzed 

to reduce these effects, and also helium or mixtures He/Ar are employed for this purpose. 

This article evaluates the effect of incorporating a Ranque-Hilsch Vortex Tube (RHVT) into 

a thermoacoustic cooler device as a way to reduce the dependence on the stack and mimic the 

behavior of the traveling wave arrangement in a reduced space. 
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performance, and the lowest value is presented for monoatomic gases with 2/3, but even lower 

values can be realized with mixtures such as helium-argon, which present a minimum for 

pressures under 4.5 MPa at a ratio 4:6; for pressures over 4.5 MPa, mixtures of helium-argon-

xenon work better [8,9,10].  

Concerning the position of the stack, it has been determined that the optimum matches with 

there are proposals for devices with no-stack; this means the heat exchangers are close enough, 

between the average wavelength, to allow the parcels of gas to get into contact with both 

exchangers.  Although some have found higher efficiencies than in stack-based systems, viscous 

losses at exchangers are increased compared with systems that consider stacks and exchangers 

[12,13]. 

 

Ejection 

Ejectors were first used in 1858 as water pumps and to refill the reservoir of steam engine 

boilers. The use of ejectors for refrigeration and air conditioning goes back to 1910, allowing one 

to use low-grade thermal energy coming from steam engines [14]. Good improvements were 

realized with two-phase ejectors; however, ejectors were displaced when compressors came into 

being.  

By the 1980’s, ejectors were used to produce clusters of particles at very low temperatures, 

on the order of 50 K [15]. In recent years, a new interest has developed for applications in air 

conditioning and refrigeration systems driven by solar energy and waste heat [16]. 

Key factors of these systems is the geometry of the ejector and the properties of the mixture 

fluid. The first one determines the suction vacuum and the ratio gas/vapor, while the second one 

determines the rate of condensation and cooling. 

 

RHVT Effect 

Qualitatively, the working principle is to induce a strong whirlpool in a confined space, then 

the two opposite extremes of the tornado exit with hotter and colder temperatures than the 

entrance, respectively. While at the beginning the key factor to realize significant cold 

temperatures was a good compressor, recently, with improved closed systems, lower pressures at 

the entrance are needed [17, 18].  Actually, RHVT is considered an active part in some pulse 

tube refrigerators [19, 20]. 

The present work considers a combination of these three effects to realize a compact 

refrigeration system (25 cm in diameter and 10 cm height) for use in freezers and water 

condensers. The designed operating temperatures are 25�� outside temperature of discharge and 

	10�� at the lower temperature. As the ejector is considered an acoustic diode in pulse tube 

refrigerators, its operation is explored under both continuous DC and oscillating AC conditions. 

DESCRIPTION 

Figure 1 shows a flow diagram of the proposed device. At the beginning, T
mix

 is the ambient 

temperature, but later, it is the average temperature of the discharges of the RHVT. Also, it is 

evident that the performance depends on the efficiency of the heat interchangers. 

The compressor is a peripheral fan (not shown), running at about 750 rpm.  It increases the 

pressure at the entrance of the nozzle up to 1.5 Bar over the reference pressure (To, Po). At the 

same time it creates a light vacuum, reducing the ratio , and then leading to a lower 

temperature (Tn, Pn), according to 
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the zeros of the derivative function  Δ� evaluated at the resonance of the system [11]. But also 

,, known as the Prandtl number should be low to increase the COP 
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If the temperature T
o
 is kept constant, then the temperature at the entrance of the RHVT is a 

few degrees below T
mix

, while velocity reaches up to 110 m/s. This requires a compression at 

constant temperature and a heat rejection of  
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A sketch in CNC of the nozzle is shown in Fig. 2a. Four nozzles at all converge to form the 

whirlpool. 

At the RHVT section, the distribution of temperatures is given approximately by [17] 
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where ��
�

 and ��
�
 are the mass flow at the entrance and the cold side, respectively. It was chosen 



�
~0.4, which is the optimum for maximum ∆
 � 


�
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�
 [17]. 

At the exit of the RHVT, the flow is directed to both heat exchangers and sent to the 

peripheral, where is suctioned by the compressor and the cycle initiates again. Figure 2b shows 

the mesh and an assembled view of the nozzle, RHVT and heat exchangers. 

The fluid is a mixture of Ar and N
2
 at a rate 9:1. 

Under continuous flow, the coefficient of performance is approximately given by  
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For oscillating conditions, the compressor is replaced by speakers and stacks are introduced, 

although the right position and dimensions are still under analysis. 

Figure 1. Flow diagram of the proposed device. Working on continuous operation (left), two 

effects are considered: Ejection and RHVT. Under oscillating flow (right), thermoacoustic is 

introduced. 

Figure 1. Flow diagram of the proposed device. Working on continuous operation (left), two effects

are considered: Ejection and RHVT. Under oscillating flow (right), thermoacoustic is introduced.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. CNC sketch of the nozzle section (left),  and mesh of the assembled proposed prototype (right).
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Figure 4. CFD results for the RHVT section of the prototype. It was assumed 
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Figure 3. Rate of increasing temperature by compression before the entrance to the nozzle. It 

corresponds to the heat Q
out1

 that must be rejected. 

CONCLUSIONS  

There is still a need to analyze many variables to correctly optimize the prototype, but so far 

there is confidence it is reliable. Our better results show it is possible to reach 243 K at T
c
 with 

reasonable operation conditions. 

 

RESULTS AND DISCUSION 

So far, simulations show a light decreasing dependency of T
o 

 on the pressure P
o
 (Fig.3); this 

means that when we compress from (T
amb

, P
ref

) → (T
o
, P

o
), the heating

 
is lower. This is due to the 

fact that T
o
 depends on the ratio P

o
 / P

ref 
 and not on the magnitude. But this indeed implies a 

high power compressor. 

Something similar happens with T
n
; it depends on the ratio P

n
 /P

o
, and is on the order of 13K 

in all cases.
 
  

At the RHVT section, the developed velocity and T
n
 at the entrance determine the values of 

T
c
 and T

h
, almost entirely.  Figure 4 shows the results of a CFD analysis with a velocity of 

0.1m/s at the entrance. 
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