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Investigation of standing wave acoustic levitation with Bernoulli
principle and bolt-clamped Langevin type ultrasonic transducer
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ABSTRACT: The purpose of this study is to investigate the effect of acoustic radiation force on the standing wave
acoustic levitation phenomenon, which is the levitation of small objects near the pressure node of the standing
wave, using the Bernoulli principle. The source and scheme of the acoustic radiation force, which is the cause of
the levitation, are conceptually explained through comparison with the graph of the acoustic radiation force versus
the distance from the transducer. A series of experiments supporting this explanation was performed with a
BLT(Bolt-clamped Langevin Type) ultrasonic transducer to confirm that the objects are floating near the pressure
nodes and that it satisfies the condition for the standing wave formation when the object is levitating. Furthermore,
the vertical alignment of floating objects, which is a characteristic of standing wave acoustic levitation
phenomenon, could be explained.
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Fig. 1. Pressure, velocity graph of air element as height
varies, and resulting acoustic radiation force!">'%.
Objects are located slightly below the pressure node.
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Fig. 2. Conceptual Model which relates the speed of
air and the force exerting of the particle. 7,,,, and
P, illustrate the pressure of air exerting at the
upper side and the lower side of the object
respectively. v,,, and v,,,, illustrate the velocity of
air at the top of the object and at the below of the
object respectively.
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Fig. 3. Distribution of squared speed of air between
the reflector and transducer as height. A ~ D illustrate
each case when the object is located at each position.

Table 1. Force acting on the levitating object at each
case in A~D.

Case | Vyop V8 Vpeoy | Direction of acoustic radiation force
A | Viop = Vgetow X (Zero)
B Viop > Vyetow Upward
C Uy op = Ubelow X (Zero)
D top < Ubelow Downward
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