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This study designs and optimizes a variable-frequency thermoacoustic refrigerator to enhance 

cooling efficiency. Thermoacoustic refrigeration uses sound waves, offering an alternative to 

conventional methods. The system dynamically adjusts resonator length using a stepper 

motor, ensuring optimal frequency alignment. A microcontroller-based control system 

automates adjustments based on sensor inputs. The design was validated through numerical 

modeling and 3D printing. Results confirm that frequency-adaptive thermoacoustic systems 

improve efficiency, paving the way for sustainable, adaptable refrigeration technologies. 
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