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Summary 

Thermo-acoustic refrigeration (TAR) is an innovative 
and eco-friendly technology that uses sound waves to produce 
cooling, providing a sustainable alternative to traditional 
vapor-compression systems. With no moving mechanical 
parts or harmful refrigerants, TAR offers significant 
advantages for dairy and agricultural applications, especially in 
remote and rural areas. This article explores the principles, key 
components, advantages, challenges, and the role of TAR in 
the dairy sector. 

Introduction 

Reliable refrigeration is vital for ensuring the quality 
and safety of dairy products. However, standard refrigeration 
technologies demand substantial energy, high maintenance, 
and utilize refrigerants that are environmentally detrimental. 
Thermo-acoustic refrigeration, built on the use of sound 
waves for heat transfer, presents a low-maintenance, chemical-
free, and sustainable alternative. Its robust design and 
environmental compatibility make it highly suitable for India’s 
rural dairy infrastructure. 

What is Thermo-Acoustic Refrigeration? 

Thermo-acoustic refrigeration works by using high-
frequency sound waves to generate temperature gradients 
within an inert gas such as helium or nitrogen. These 
oscillations occur inside a resonator tube housing a porous 
component called a stack. The cyclical pressure variations 
created by the sound waves transfer heat from one end of the 
stack to the other, resulting in refrigeration without the need 
for compressors or ozone-depleting chemicals. 

“Thermo-acoustic refrigeration has the potential to mitigate 
environmental impacts associated with conventional cooling, providing an 
eco-friendly and low-emission alternative for food preservation.” – Babu 
& Sherjin, 2017. 

Key Components 

• Driver: An acoustic generator (such as a loudspeaker) 
that produces standing sound waves. 

• Resonator: A cylindrical tube designed to maintain 
resonance of the acoustic waves. 

• Working Gas: Inert gases like helium or nitrogen, 
valued for high thermal conductivity. 

• Stack: A porous medium where the heat transfer 
occurs. 

• Heat Exchangers: Positioned at both ends of the 
stack to absorb and expel heat as needed. 

Working Principle: The driver sets up acoustic waves within 
the resonator. As these waves travel through the stack, 

alternate compression and expansion produce temperature 
differences along its length. Heat is transferred accordingly, 
and the heat exchangers at either end manage the intake and 
rejection of thermal energy, resulting in a practical cooling 
effect. 

Table 1: Comparison with Conventional Refrigeration 

Features Conventional 
Refrigeration 

Thermo-
Acoustic 
Refrigeration 

Working 
Principle 

Vapor 
Compression 

Sound wave-
induced heat 
transfer 

Refrigerants 

 

 

CFCs, HFCs, 
Ammonia 
(harmful) 

Helium, 
Nitrogen (safe, 
inert) 

Moving Parts Numerous 
(compressors, 
pumps) 

Minimal 
(mainly driver) 

Maintenance High 

 

Low 

Environmental 
Impact 

Ozone depletion, 
global warming 

Negligible 

Rural Suitability Limited High 

Applications in the Dairy Industry 

Thermo-acoustic refrigeration is suitable for various 
dairy industry operations, including: 

• Milk cooling at collection centers: Helps preserve 
freshness and quality by inhibiting bacterial growth, 
without heavy maintenance needs. 

• Storage of butter, paneer, and curd: Maintains 
hygienic, stable, and cool environments for perishable 
dairy products. 

• Ice cream cabinets: Prototypes have demonstrated 
maintenance of temperatures as low as –24.6°C with 

a cooling power near 119 W and a Coefficient of 
Performance (COP) of 0.78. 

• Transport refrigeration: Offers mobile, off-grid 
cooling solutions for milk tankers that can run on 
renewable energy. 

Advantages 

• Eco-Friendly: No greenhouse gas emissions or 
ozone-depleting substances. 

• Safe: Utilizes non-toxic, non-flammable inert gases. 
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• Low Maintenance: Few moving parts, minimizing 
breakdown risk. 

• Long Service Life: Solid-state design provides 
robust, long-term performance. 

• Scalable and Modular: Suitable for small rural 
dairies up to industrial operations. 

• Renewable Ready: Can be powered by solar or 
hybrid systems for off-grid installations. 

Limitations and Future Scope 

Limitations 

• Lower Efficiency: Present TAR systems generally 
have less cooling efficiency (COP) than established 
vapor-compression designs. 

• Initial Costs: Higher costs for precision-
manufactured stacks and drivers. 

• Design Optimization: Further research is needed to 
enhance materials and configurations for maximum 
performance. 

Future Directions 

• Advanced Stack Materials: Adoption of 3D-
printed ceramics and optimal porosity stacks. 

• Integration with Solar Power: Essential for off-grid 
milk cooling in remote locations. 

• Intensive R&D: Premier research institutions, 
including ICAR–NDRI, are actively working on 
improving efficiency and scalability. 

• Commercial Pilot Projects: Early-stage trials by 
private and public sector organizations for large-scale 
community dairy applications. 

Conclusion 

Thermo-acoustic refrigeration brings a transformative, 
sustainable approach to cooling in the dairy industry. Its 
robust, low-maintenance, and eco-friendly design is especially 
promising for rural and decentralized dairy operations. With 
ongoing innovation and adoption, TAR can play a key role in 
building a resilient and sustainable cold chain for dairy 
products in India and beyond. 
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