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1. Introduction 

It has been studied that high-intensity ultrasonic melt 
treatment offer a promising tool to improve the 
refining structure of metal, and therefore its 
mechanical properties. There are some papers which 
has shown that the introduction of the ultrasonic melt 
treatment of molten hypo- and hyper-eutectic Al-Si 
alloys can significantly refine their structure and 
improve their quality [1,2]. The propagation of the 
ultrasound is accompanied with loss of the ultrasonic 
energy. The amplitude and intensity of the ultrasonic 
wave decreases exponentially with the propagation 
distance, and the exponential factor is the loss 
coefficient or sound absorption or attenuation factor. 
Attenuation factor depends on medium, and 
determining the efficient range of the ultrasound [3]. 
Similar to its propagation in water, when an 
ultrasonic wave travels through a liquid metal, its 
amplitude and intensity diminish or attenuate with 
distance. The consequences are that the ultrasonic 
treatment is confined to a limited volume of the 
liquid metal beyond which the intensity is 
insufficient to induce desired structural refinement. 
It is thus important to understand the attenuation 
process for the design of a performing ultrasonic 
system on a commercial scale. In addition, the factor 
should be considered to simulate the process 
modeling through various numerical programs. This 
study is focused on the evaluation of attenuation 
factor and efficient range of the ultrasound at 
different frequency to improve efficiency of 
ultrasonic melt treatment. The attenuation 
coefficient was calculated as the equation proposed 
in previous study, and the results are verified by the 
experiment and the modeling. Firstly, ultrasound 
with different frequencies were injected into Si oil 
with viscosity 350 cS to visualize attenuation and 
measure efficient range. Relationship between 
frequency and attenuation coefficient were derived 
from the experiments. The results were revised and 
confirmed through experiments on A356 with 
various ultrasonic frequency. 
 
2. Experimental procedure 

The attenuation factor of an ultrasonic wave in 
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a liquid by the addition of a viscous component and 
a thermal component was suggested as the the 
Stokes–Kirchhoff relation [4] as shown in Eq (1), 
and the parameters are summarized at Table I. 
Comparing the results of the theoretical calculation 
with the actual phenomena, firstly, Si oil of 350 cS 
was selected for the visible modeling, and the energy 
efficient range of A356 alloy could be established as 
the results. To characterize and quantify the effect of 
ultrasonic frequency on the attenuation coefficient, 
the frequency was controlled as 15, 20, and 25 kHz. 
The sonotrode made by Ti was used for the 
experiments. The ANSYS Fluent module was used 
to simulate the ultrasonic melt treatment, especially, 
streaming and the efficient range in the melt. The 
inlet condition was fixed as the medium velocity. To 
inject the ultrasound into alloy melt, the sonotrode 
was immersed into the melt about 20 mm in depth. 
The sonotrode was heated for 10 minutes at just 
above the melt before dipping into melt, and also 
held in melt for 10 minutes to maintain the melt 
temperature before the ultrasound injection. 
 
 
 
 
 
 

Table I. Parameters for the calculation of the 
attenuation coefficient as Eq. (1). 

 

 

 

 

 

 

 

 

 

was 1/6000 s and the frame rate was 500 fps. 
Fig. 3 (a) shows the liquid before ultrasonic 

irradiation, and Figs. 3 (b-d) show the liquid at 
various times during ultrasonic irradiation.  After 
10 ms, the liquid rose along the irradiated wall and 
was atomized (Fig. 3 (b)). After 20 ms, the atomized 
liquid collided with the opposite wall and fell back 
to the liquid surface (Fig. 3 (c)). After 40 ms, more 
liquid rose, lowering the level of the liquid surface 
and violent atomization occurred (Fig. 3 (d)).  

Subsequently, the liquid level decreased 
further as more of the liquid was atomized, inducing 
a large flow. These results confirmed that the 
proposed method created a large flow in the liquid in 
the micro container. 
 
4. Non-contact liquid stirring 

We stirred two liquids using our method. 
Ethanol (100 μL) and water containing red dye   
(50 μL) were placed in the micro container. The 
container was irradiated with high-intensity aerial 
ultrasonic waves at the liquid surface.  

Fig. 4 (a) shows the liquids before ultrasonic 
irradiation, and Figs. 4 (b-d) show the behavior of 
the liquid in the micro container after ultrasonic 
wave irradiation at various times. After 80 ms, the 
water began to rise along the wall in response to the 
change in the ethanol liquid surface level (Fig. 4 (b)). 
After 300 ms, the two liquids were atomized at the 
same time when the water reached the liquid surface 
of the ethanol (Fig. 4 (c)), and the ethanol was mixed 
into the water at the same time. The two liquids were 
almost completely mixed after 2 s (Fig. 4 (d)). 
 
5. Conclusion 

We stirred two liquids in a micro container by 
using our proposed non-contact stirring method. As 
a result, a large flow was created by our proposed 
method, and the two liquids were mixed quickly. 
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Fig. 3 Behavior of the liquid in the micro container 
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Fig. 4 Non-contact liquid stirring 
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Table II. Calculation results of the attenuation 
coefficient as Eq. (1) of Si and A356 Al alloy. 

 
 
 
 
 
 
 
 
 
 
 
 
 
3. Results and discussion 

The reduction in ultrasonic amplitude with 
propagation distance in a liquid medium may ass- 
ume a variety of forms. In this experiments, the 
propagation distance was just limited as the dis- 
tance which can be generated the cavitation bubbles 
trapped in the high viscosity oil, because the refining 
mechanism of the ultrasonic melt treatment was 
based on the phenomena at almost experiments. 
Table II shows the calculation results of the 
attenuation coefficient of Si and A356. The distance 
of the half level of the injected ultrasonic energy, x, 
in Si oil was calculated as 1600, 900, and 600 meter 
at 15, 20, and 25 kHz ultrasonic frequency, 
respectively. But, the actual measured distance of 

Table III. Experimental results of  
the attenuation coefficient of Si oil. 

 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

 
 
 
 
 
 

Fig. 1. (a) Experimental results, (b) the modeling of 
calculation attenuation factor and (c) after correction 

of the factor (15 kHz). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Comparing of ANSYS simulation result by 
the revised attenuation factor with castings of A356; 
(a) 15 kHz and (b) 25 kHz. 
 
the effective range was extremely short as shown in 
Table III. The reasons of the difference between the 
calculation and the measurement was supposed as 
the results from the threshold energy to expand the 
cavitation bubbles, however, the equation which has 
been used to predict the effective energy range 
should be revised. The attenuation factor was revised 
as the experimental results to apply as the modeling 
parameter. Figure 1 and 2 show the simulation 
modeling results and these figures indicate the 
acceptable result on the factor.  
 
4. Conclusion 

This study is focused on the calculation of the 
attenuation factor and efficient range of the 
ultrasound at different ultrasonic frequency. The 
attenuation coefficient was calculated as the various 
physical parameters, and the results are verified by 
the experiments. However, the difference of the both 
results shows the revision of the equation based on 
the experiments. 
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