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In order to enhance the ultrasonic degradation rate of organic solutions, a metal plate is placed at the water—air
interface of the ultrasonic cleaning tank. Initially, the distribution of the acoustic field in the ultrasonic water tank was
calculated using the simulation software COMSOL. The simulation results demonstrated that the utilization of the metal
plate can eliminate the standing-wave acoustic field to a certain extent. Subsequently, the pixel method was selected for a
quantitative comparison of the cavitation area in the flume with and without the metal plate. The results demonstrated that,
under specific conditions, the area of ultrasonic cavitation in the water tank can be expanded using a metal plate. Thereafter,
an acoustic degradation experiment was designed to confirm the feasibility of the simulation method. Furthermore, the
impacts of the amplitude of the incident ultrasonic pressure, frequency, and the height of the liquid level in the water tank

on the cavitation area were investigated.

Keywords: ultrasonic degradation rate, metal plate, cavitation, height of the liquid level
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1. Introduction

With the rapid development of industrialization and the
acceleration of urbanization, the problem of water pollution
has become increasingly severe in China. According to statis-
tics, the amount of industrial wastewater generated in China
exceeds several hundred billion tons per year, and industrial
wastewater is a major source of sewage.!!! In large-scale in-
dustrial production, wastewater comes from industrial sources,
such as chemical, papermaking, textile, and metallurgical in-
dustries. These wastewaters contain a large amount of toxic
organic pollutants, which pose a significant threat to human
life and health.[?! Therefore, seeking a simple, efficient, and
green sewage treatment method is of great significance for hu-
man health and sustainable socioeconomic development.

A wide range of conventional sewage treatment

methodologies has been developed, such as physical,!>*l
chemical,>) and biological methods.®9 However, these
conventional treatment methods have been criticized for their
low treatment efficiency and complicated operational pro-
cesses, which have been shown to result in the formation of
new harmful substances, thus causing secondary environmen-
tal pollution. In light of these challenges, there has been a
notable focus on advanced oxidation processes (AOPs) in re-
cent years, which have emerged as a significant area of re-
search interest due to their high degradation efficiency and the
absence of by-product formation compared to conventional
methods. ">l The working mechanism of AOPs is to use
hydroxyl radicals to oxidize organic pollutants in water into
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H,0, CO;, and inorganic salts. AOPs are largely divided
into photocatalytic processes,!!?! chemical oxidation,!'?! elec-
trochemical oxidation,[' ozonation,!>! the Fenton oxidation
reaction,[!® and ultrasound methods,!"”! depending on how
the hydroxyl radicals are produced. Ultrasound has many
outstanding advantages: safety, cleanliness, high efficiency, a
wide application range, and the absence of secondary pollu-
tants compared with other methods.®!

The functioning of ultrasound technology is based on the
generation of hydroxyl radicals by ultrasonic cavitation, which
serves to oxidize and decompose organic pollutants in sewage.
Ultrasonic cavitation refers to the process in which microbub-
bles in the liquid are continuously expanded and contracted
by ultrasonic waves, ultimately collapsing and rupturing.!'”!
High temperatures and pressures are generated, and hydroxyl
radicals are formed when the bubbles collapse. The main fac-
tors influencing the ultrasonic degradation rate include acous-
tic intensity, ultrasound frequency and waveform type, solu-
tion temperature, and pH value. Therefore, a large amount of
research has focused on analyzing the influence of the acous-
tic field characteristics in the cleaning tank on the degradation
rate of organic pollutants.!1”!

To further enhance the ultrasonic degradation rate of or-
ganic solutions, Ren et al.>") installed ultrasonic transducers
on both sides of the cleaning tank and set the distance between
the transducers on both sides to an integer multiple of a quarter
wavelength to eliminate the cleaning blind area. Wei et al.[>!]
used the simulation software COMSOL to numerically simu-
late the acoustic field characteristics of a larger-scale sonore-
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actor containing a multi-stepped ultrasonic horn and designed
a hydrophone measurement experiment to verify the simula-
tion results. Zhang et al.!*?! explored the influence of the
direction of the incident acoustic wave on the characteristics
of the acoustic field. The calculation results demonstrated
that setting an appropriate direction for the incident acoustic
wave can significantly improve acoustic intensity. Rashwan
et al.””3! numerically simulated the effects of acoustic wave
frequency, transducer probe position, and acoustic power on
acoustic pressure. Liu et al.'** improved the distribution char-
acteristics of the acoustic field by means of mechanical stir-
ring. However, these methods are complex and highly energy
consuming. Therefore, a metal plate with a specific shape is
proposed in this paper to expand the acoustic cavitation area in
the ultrasonic water tank, thus further improving the acoustic
degradation rate of organic solutions. The method proposed in
this paper has the advantages of being simple to operate and
having low energy consumption.

This paper proposes a novel methodology for the design
of a water tank cover structure, the purpose of which is to mod-
ify and eradicate the acoustic standing wave field in order to
enhance the uniformity of the acoustic field distribution. Fur-
thermore, based on the theory of cavitation volume proposed
by Zhai er al.!®! the ratio of the cavitation area to the non-
cavitation area is calculated using the pixel method.

2. Methods

2.1. Experimental details
2.1.1. Materials

Rhodamine B (Rh B, C28H31CIN203, CAS: 81-88-9,
AR) was purchased from Shanghai Macklin Biochemical
Technology Co., Ltd (Macklin, Shanghai, China) and used as
the material to be degraded without further purification. Pure
water was used in all procedures and experiments.

2.1.2. Apparatus and procedure

A 40 mg/L solution of Rhodamine B was sonicated us-
ing a 40 kHz ultrasonic cleaner (SBL-150DTN, Ningbo Xinyi
Ultrasonic Equipment Co., Ltd, China) at a power of 60W.
A constant low-temperature tank (YHD-0506, Ningbo Yiheng
Limited Company, China) was connected to the ultrasonic
cleaner to maintain the temperature inside the ultrasonic tank
at 24 °C. The ultrasonic cleaner and the metal cover are illus-
trated in Fig. 1(a). The thickness of the metal plate was 1 mm.
The absorbance of the Rhodamine B solution was recorded by
an ultraviolet—visible (UV-vis) spectrophotometer (UV2365,
Uniko (Shanghai) Instrument Co., Ltd, China) at 30-min in-
tervals. The wavelength range was 190-1100 nm. The degra-
dation rate (DR) was calculated using

Ap—A;

DR(%) = =X 100, (1

where Ag and A; are the initial and final absorbances of Rho-
damine B, respectively.

(b)
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Fig. 1. Ultrasound cleaner: (a) photographs, (b) simulation diagrams.

2.2. Computational method

COMSOL Multiphysics is general-purpose simulation
software that has frequently been employed to calculate the
acoustic field distribution in a certain space. The Pressure
Acoustics module of the simulation software is used to sim-
ulate the acoustic field distribution in an ultrasonic water
sink.[?%] The Pressure Acoustic module can perform simula-
tions in the frequency domain or the time domain; the time
domain is selected for more accurate calculation results. The
entire simulation procedure is divided into three main phases:
construction of computational models, setting of boundary
conditions, and post-processing of results. The following is
a detailed introduction to the three phases.

The ultrasound transducer has an operational working fre-
quency of 40 kHz, and is mounted at the bottom of the sonore-
actor. The calculation model with the metal plate placed at the
water—air interface of the ultrasonic sink is shown in Fig. 1(b),
where the metal plate is shown in black and air is shown in
white; the metal plate is freely placed on the water—air in-
terface. The metal plate used here is made from thin stain-
less steel, so the metal plate is simplified to a two-dimensional
plate in the simulation process, without considering its thick-
ness. The physical parameters used in the calculation are listed
in Table 1, where C, stands for the speed of ultrasonic waves
in air, Cy, the speed of ultrasonic waves in water, d the inside
diameter of the sink, /4 the height of the sink, p; the amplitude
of the acoustic pressure, p, the density of air, py, the density
of water and f the acoustic frequency.

At the physical interface, the Pressure Acoustics, Tran-
sient module is used to calculate the pressure change of acous-
tic waves propagating through the fluid under static back-
ground conditions. The governing equation of the physical
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interface is given by

2

plc(?;th-(—;szo, )
where p is the acoustic pressure, p is the density, and c is the
speed of sound. The acoustic field within the water is numer-
ically simulated according to the acoustic wave equation ex-
pressed in Eq. (2), which governs the propagation of acoustic
waves through a material medium.?”! T is the acoustic period,
and the value of 7' is 2.5 x 103 s based on T = 1/ f. The maxi-
mum cell in the mesh is 5 mm in size, and the minimum cell is
4 mm in size. The resolution of the narrow area is 0.85. The to-
tal time calculated is 207 and the time step is 7' /50. The finite-
element software COMSOL Multiphysics 5.4 is employed to
solve Eq. (2).

Table 1. Parameters used in the simulation calculation.

Parameter Unit Value

d cm 12

h cm 12

P, Pa 1.5x 100
Cy m/s 340
Cy m/s 1500
Pa kg/m?3 1.29
Pw kg/m? 1000

2.2.1. Boundary conditions

To simplify the calculation, plane wave radiation bound-
ary conditions are set on the bottom of the cylindrical sink to
replace the ultrasonic wave emitted by the transducer. The ex-
pression for the plane wave is

p = pisin [2nf (r—“kﬂ, 3)

clexl

where p; is the amplitude of the acoustic pressure, f is the
acoustic frequency, c is the speed of the acoustic wave, and ey
is the wave direction vector.

The side walls of the tank are treated as acoustic hard
boundaries. The metal plate consists of a metal area and an air
area. The metal area is set as the acoustic hard boundary, and
the air area is set as the acoustic soft boundary at the water—
air interface of the ultrasonic sink. The water—air interface
is approximately regarded as the acoustic soft boundary be-
cause the acoustic impedance of water is far greater than that
of air. This is evident when the ultrasonic wave propagates
from water to the water—air interface of the ultrasonic sink.
The mathematical expression for the acoustic soft boundary is
given below:

p=0. “4)

The water—metal interface is approximately regarded as
the acoustic hard boundary, since the acoustic impedance of
water is far less than that of metal when the ultrasonic wave

propagates from water to the water—metal interface of the ul-
trasonic sink. The mathematical expression for the acoustic
hard boundary is

ap
-0, (5)

2.2.2. Post-processing

Acoustic cavitation occurs when the ultrasonic pres-
sure amplitude exceeds the cavitation threshold, which is
approximately 1 atm under atmospheric pressure at room
temperature.[zgl Therefore, based on the acoustic field distri-
bution simulated, the cavitation area diagram for any section in
the flume can be obtained at a certain moment using the logi-
cal expression. The distribution of the acoustic field in the tank
exhibits a certain periodicity in time, and the maximum value
of the acoustic pressure (acoustic pressure amplitude) occurs
twice during an acoustic period, so the period of the cavitation
region diagram in time is half of the acoustic period. For this
reason, the cavitation region diagram in the ultrasonic sink is
obtained by superposition of the cavitation region diagram at
each moment of the half acoustic cycle.

The larger the proportion of the cavitation area, the higher
the ultrasonic degradation rate in the plane under certain con-
ditions. Therefore, the pixel method is used to quantitatively
compare the areal size of the cavitation area. It is widely
known that the image consists of a finite number of pixel
points and that the area of the image is proportional to the
number of pixel points.!?°! Therefore, the size of the cavitation
area under different conditions can be quantitatively compared
as long as the number of pixel points representing the color of
the cavitation region is calculated at a certain resolution.

First, the cavitation area image was imported, and the cav-
itation area image was binarized using the Binarize function in
Mathematica 11.2. After the image is processed, the black ar-
eas represent the regions where cavitation occurs, and white
represents the regions where no cavitation occurs. The Im-
ageLevels function of the software was employed to count the
numbers of pixel points in the image in both black and white
colors. Finally, the ratio of the number of black pixels to the
sum of the number of black and white pixels was calculated.
This ratio represents the percentage of cavitation areas.

3. Results and discussion
3.1. Acoustic field distribution

In the absence of the metal plate, the acoustic field in
the water sink undergoes periodic changes over time. This
phenomenon is due to the total reflection that occurs when
an ultrasonic wave propagates from the base of the ultrasonic
tank to the water—air interface. Interference between the re-
flected acoustic pressure and the incident acoustic pressure
forms a standing wave acoustic field, as shown in Figs. 2(al)
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and 2(b1). After the metal plate is added, the acoustic field dis-
tributions in the yz and xy directions are as shown in Figs. 2(a2)
and 2(b2). It can be seen that the addition of the metal plate
weakens standing waves to a certain extent and improves the
distribution of the acoustic field. This is because the presence
of the metal plate converts the original acoustic soft boundary
at the water—air interface into an acoustic hard boundary and
a soft boundary, and total reflection occurs whether the ultra-
sonic wave propagates to the acoustic hard boundary or the

(a1) 12F - - - - - - Pa (104)
———
10-—- 6
4
8. 4
P
"
al 1 {-2
———
,17; 0— -8
-y —6 —4 -2 0 2 4 6
z=0cm
(b1) 6F 1Pa (10%)

8

6

SER

|

8

| | |

(=2} >~ [ o [\ =

b
=]
o
~
(=2}

z=06 cm

acoustic soft boundary. In addition, the node of the acoustic
pressure is formed at the interface when the ultrasound wave
reaches the acoustic soft boundary, while the antinode of the
acoustic pressure is formed when the ultrasound wave reaches
the acoustic hard boundary. Based on the above analysis, when
the incident acoustic wave is reflected at the mixed boundary,
the reflected sound wave is no longer a plane wave opposite to
the incident acoustic wave. As a result, standing waves in the
acoustic field are weakened.
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10} ’ 1.5
8,
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Fig. 2. Acoustic field distribution: (al) yz, x = 0 cm, no metal plate; (a2) yz, x = 0 cm, metal plate; (bl) xy, z= 6 cm, no metal plate; (b2) xy,

z = 6 cm, metal plate.

3.2. Acoustic pressure at the peak and trough

The analysis in the previous section showed that the
acoustic field in the water sink still presents a periodic dis-
tribution after the metal plate is added. Therefore, this section
examines two points, namely, the antinode and the node of the
standing wave field. The changes in acoustic pressure at these
two points over time are shown in Figs. 3(a) and 3(b), where
the original structure and new structure represent the acoustic
pressure without and with the metal plate, respectively. As is
evident from the figure, the acoustic pressure at the antinode
and node is zero during the period from 0 to 80 pus. This is
due to the time required for the ultrasonic wave to reach these
points from the bottom of the water sink. In addition, the am-
plitude of the acoustic pressure tends to be stable after 175 us,

which is due to the time required for the formation of standing
waves.

In the xy direction of the acoustic field, the antinode and
node are selected. They are located at (z = 12— A/4) cm
and (z = 12— 1/2) cm, where A represents the wavelength
of the acoustic wave. This is because the water—air interface
is an acoustic soft boundary, and an acoustic pressure wave
node is formed at the interface after acoustic reflection. It can
be seen in Figs. 3(a) and 3(b) that the acoustic pressure am-
plitude exceeds the cavitation threshold (1 atm) at both the
antinode and node in the presence of the metal plate, while
it only exceeds the cavitation threshold at the antinode in the
absence of the metal plate. This indicates that the placement
of a metal plate at the water—air interface can enlarge the area
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of acoustic cavitation in ultrasonic water tanks, which is con-
ducive to the improvement of the acoustic degradation rate.
The reason for this is that the acoustic cavitation effect pro-
duces hydroxyl radicals.!'>! An increase in the cavitation area
can increase the concentration of hydroxyl radicals and fur-
ther improve the ultrasonic degradation rate.l**! In addition,
it is found that the acoustic pressure at the antinode without
the metal plate is greater than that with the metal plate. This is
because, before and after the metal cover plate is added, the in-
cident acoustic pressure remains unchanged, which means that
the total sound energy remains constant. After the metal plate
is added, the increase in acoustic pressure at the original node
leads to a decrease in acoustic pressure at the original antin-
ode. Hatanaka et al.3!*?] indicated that multibubble sonolu-
minescence first increases and then decreases as the ultrasonic
power is increased. The double fan-shaped metal plate pre-
sented in this paper can reduce the amplitude of the acoustic
pressure at the antinode, thus reducing the acoustic power and
avoiding the quenching of acoustic cavitation.

3F (a)

Acoustic pressure (10° Pa)
=

L il
—1 IR YRR Y
- \
Original 1 dEN
—2F structure || | U
- = - New
—3F structure

0 50 100 150 200 250 300
Time (ps)

3t (b)

—— Original structure
- - - New structure

Acoustic pressure (10° Pa)
=

0 50 100 150 200 250 300
Time (ps)

Fig. 3. Acoustic pressure over time at the antinode (a) and the node (b).
The original structure represents the acoustic pressure without metal plate,
and the new structure represents the acoustic pressure with the metal plate.

3.3. Distribution of cavitation area

To explore the influence of the metal plate on the acoustic
cavitation area, three sections were selected in the yz direction
of the ultrasonic water tank. Based on the cavitation threshold
at room temperature and atmospheric pressure, the distribution
of the cavitation area across the section was obtained, as illus-
trated in Fig. 4. The red areas in the figure indicate areas where

ultrasonic cavitation occurs. As can be seen in Fig. 4, the cavi-
tation areas on the three sections are distributed in bands when
no metal plate is present, while the cavitation areas on the sec-
tions are distributed randomly when the metal plate is present.
This is because the standing wave acoustic field is formed in
the water tank when no metal plate is present, which leads to
the banding distribution of the cavitation area on the section.
The metal plate could eliminate the standing wave to a certain
extent, which leads to the random distribution of the cavitation
area on the section.

In addition, it is found that the cavitation areas in the pres-
ence of the metal plate are larger than those in the absence of
the metal plate. This suggests that the use of the metal plate
could enlarge the cavitation area in an ultrasonic water tank
and thus improve the ultrasonic degradation rate of organic
solutions. This is because the weakening of the standing wave
increases the acoustic pressure at the original standing wave
node (Fig. 3(b)), thus causing the cavitation effect to occur
in regions where it did not occur previously and expanding the
regions where the cavitation effect occurs within the ultrasonic
tank.
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z =0 cm

[=2]
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|
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|
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(=)
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-6 —4 -2 0 2 4 6
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-6 —4 =2 0 2 4

r=4 cm

[=2)

-6 —4 -2 0 2 4 6

z=4 cm

Fig. 4. Cavitation effect areas for different cross sections in the yz direc-
tion without (al)—(a3) and with (b1)—(b3) the metal plate. (al) The area
at x = 0 cm without the metal plate; (a2) the area at x = 2 cm without the
metal plate; (a3) the area at x = 4 cm without the metal plate; (bl) the
area at x = 0 cm with the metal plate; (b2) the area at x = 2 cm with the
metal plate; (b3) the area at x = 4 cm with the metal plate.
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3.4. Percentage of cavitation area

To quantitatively compare the influence of the metal plate
on the cavitation area, the areas of the three sections of the
ultrasonic water tank were obtained using the pixel method.
When the acoustic pressure amplitude is set to 1.5 x 10 Pa
and the liquid level height is 12 cm, the percentages of the cav-
itation areas of the three sections in the yz direction (x =0 cm,
x =2 cm and x =4 cm) under different conditions are as shown
in Fig. 5(a). In this figure, the original structure and the new
structure represent the cavitation area ratio without and with
the metal plate, respectively. The percentage of the cavitation
area is defined as the ratio of the area where ultrasonic cavi-
tation occurs to the total area of the section. As can be seen
from Fig. 5(a), the percentages of the cavitation areas on the

three sections in the presence of the metal plate are greater
than those in the absence of the metal plate. This suggests
that applying the metal plate at the water—air interface of the
ultrasonic cleaning tank can enlarge the area of acoustic cav-
itation in a certain area, thus further improving the ultrasonic
degradation rate of organic solutions in the tank. To verify
the accuracy of the calculated results, corresponding ultrasonic
degradation experiments were designed, and the experimental
results are shown in Figs. 5(b) and 5(c). It can be seen from the
figure that adding a metal plate to the ultrasonic tank can im-
prove the degradation rate of the Rhodamine B solution, which
confirms the rationality of using the proportion of the cavita-

tion area to evaluate the acoustic degradation rate.

@ B Original struct O) 14 o= (©) 10
riginal structure £ 135 —30 min riginal structure
S 90 New structure 1.2} § 1.30 :?5(5::::: ? gev% strluctnu-et %
2 : X 2 7
= — £1.25 > 8 % %
'E 4? 1.0 2 1.20 ' 9 % %
8 = =) < 546 550 554 558 3 gl % % /
° X = 0.8f Wavelength (nm = 7 7 Z
ox ’ ath (nm) - % % %
o £ 06} S 0 m % 2 %
g:;O % \ﬁ_ﬁ/ —gomir} 5 4 Z % Z Z
£ 5 04p—gomin - B E R
% o —HA, ' R R R
£ —_— L NP 7 7m 7M 7,
200 440 480 520 560 600

Wavelength (nm)

Fig. 5. The effects of the two different structures: (a) percentage of cavitation area on the sections, (b) absorbance of solution over time in a tank
with the metal plate, (c) degradation rate of solution under the two different structures.

3.5. Effect of acoustic pressure amplitude on cavitation
area proportion

To explore the influence of the acoustic pressure ampli-
tude of the ultrasonic wave emitted from the bottom of the
ultrasonic water tank on the percentage of cavitation area on
the section, at a liquid level height of 12 cm, the percentages
of the cavitation areas on three sections in the yz direction are
analyzed under different conditions, as shown in Figs. 6(a)-
6(c). It can be seen from Figs. 6(a)-6(c) that the percentages
of the cavitation areas on the three sections in the yz direction,
in the absence of the metal plate, are equal and increase as the
acoustic pressure amplitude grows. There are two reasons for
this: one is that the cavitation area in the yz direction in the
tank is distributed in bands in the absence of the metal plate,
while the other is that the acoustic pressure amplitude of the

standing wave acoustic field formed without the metal plate is
proportional to the incident acoustic pressure amplitude. The
cavitation threshold is a constant value under certain condi-
tions. Therefore, the percentage of the cavitation area on the
section in the yz direction increases as the acoustic pressure
amplitude grows. In addition, the increasing value of the cavi-
tation area percentage caused by the metal plate first increases
and then decreases as the acoustic pressure amplitude grows,
and this increasing value is largest when the acoustic pressure
amplitude is 2 x 103 Pa. This indicates that under certain con-
ditions, a reasonable acoustic pressure amplitude should be set
when the metal plate is used to improve and thus maximize the
acoustic degradation rate of the solution in the ultrasonic water
tank.
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Fig. 6. The effect of the acoustic pressure amplitude on the percentage of cavitation area on the section: (a) x =0 cm, (b) x =2 cmand (c) x =4 cm.
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3.6. Effect of liquid height on cavitation area proportion

133] noted in the literature that the

height of the liquid level in the ultrasonic cleaning tank has a

Thangavadivel et al.

significant impact on the ultrasonic degradation rate of organic
solutions. When the acoustic frequency is constant, there is an
optimal value within a certain range of liquid levels at which
the SE value of the organic solution is at a maximum. ¥
Therefore, we analyzed the cavitation percentage on three sec-
tions in the yz direction (x =0 cm, x =2 cm and x = 4 cm)
with liquid level height in both scenarios. It can be seen in
Figs. 7(a)-7(c) that the cavitation area percentage on three sec-
tions with the metal plate is greater than that on the section
without the metal plate at different liquid level heights. This
again demonstrates the advantage of using the metal plate to
improve the ultrasonic degradation rate of the solution. It was
also found that the percentage of the cavitation area on the
three sections in the absence of the metal plate varies sinu-

=
=
(=)

100

soidally with the height of the liquid level, which is basically
consistent with the results in the literature.*> This is because
the number of peaks and troughs in the standing wave acous-
tic field is determined by the liquid level height in the absence
of the metal plate, and the ratio of the number of peaks and
troughs affects the region where ultrasonic cavitation occurs
across the entire section. In addition, it can also be seen that
the percentage of the cavitation area in the three sections is ba-
sically unaffected by the liquid level change in the presence of
the metal plate. The larger the percentage of the cavitation area
on the section, the higher the degradation rate of organic solu-
tions under certain conditions. Therefore, it can be concluded
that using the metal plate can not only improve the acoustic
degradation rate of organic solutions, but also eliminate the in-
fluence of the height of the liquid level in the ultrasonic tank on
the acoustic degradation rate of the organic solution, thereby
further improving the efficiency of ultrasonic degradation.
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Fig. 7. The effect of liquid height on the percentage of cavitation area on the section: (a) x =0 cm, (b) x =2 cm and (c) x =4 cm.

3.7. Effect of acoustic frequency on cavitation area propor-

tion

To explore the effect of acoustic frequency on the acous-
tic cavitation area in the ultrasonic flume, three cross sec-
tions were selected in the yz direction of the flume (x = 0 cm,
x=2cm and x =4 cm). The percentages of the cavitation
areas on the three sections in the yz direction at different fre-
quencies are shown in Figs. 8(a)-8(c) for an acoustic pressure
amplitude of 2 x 10° Pa and a liquid level height of 12 cm.
It can be seen from the figure that at all frequencies except

25 kHz, the proportions of the acoustic cavitation areas on the
three cross sections with the metal cover plate are greater than
those without the metal cover plate. In addition, it is found
that the metal cover shows the most obvious effect on the pro-
portion of the acoustic cavitation area in the water tank when
the frequency of the acoustic wave is in the range of 35 kHz
to 45 kHz. Therefore, when the metal cover plate is used, it is
necessary to select the appropriate acoustic frequency to im-

prove the proportion of the acoustic cavitation area.
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Fig. 8. The effect of frequency on the percentage of cavitation area on the section: (a) x =0 cm, (b) x =2 cm and (c) x =4 cm.
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4. Conclusions and perspectives

In order to further enhance the degradation rate of the or-
ganic solution, a metal plate with a certain shape was proposed
to be placed at the water—air interface of the ultrasonic wa-
ter tank. The simulation results indicated that the addition of
the metal plate can eliminate the standing wave acoustic field
to a certain extent and improve the amplitude of the acous-
tic pressure at the troughs of the standing wave acoustic field,
thus enlarging the area of ultrasonic cavitation in the ultra-
sonic cleaning tank. To further quantitatively analyze the in-
fluence of the metal plate on the ultrasonic cavitation area, the
area of ultrasonic cavitation in the water tank was obtained
through the pixel method based on the cavitation threshold
under certain conditions. The calculation results demonstrate
that the presence of the metal plate can increase the area of
ultrasonic cavitation in the water tank. The corresponding ex-
perimental ultrasonic degradation results confirmed the feasi-
bility of using the proportion of the cavitation area to evaluate
the degradation rate. In addition, the effects of acoustic pres-
sure amplitude, liquid level height, and acoustic frequency on
the area of ultrasonic cavitation were also explored. Based on
the calculation results, the following conclusions are drawn:
first, a reasonable acoustic pressure amplitude should be set
when the metal plate is used to improve the acoustic degrada-
tion rate of the solution in the ultrasonic water tank, in order
to maximize the increase in the acoustic degradation rate; sec-
ond, placing the metal plate can not only improve the acoustic
degradation rate of organic solutions but also eliminate the in-
fluence of the height of the liquid level in the ultrasonic tank
on the acoustic degradation rate of the organic solution. There-
fore, the method for improving the ultrasonic degradation rate
of organic solutions proposed in this paper is simple, energy-
saving, and eco-friendly and provides a powerful theoretical
basis for the large-scale market application of the ultrasonic
degradation method.
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