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Abstract
Cavitation generation methods have been applied in multifarious directions due to their diversity. And
scholars have carried out numerous researches and discussions on cavitation generation methods. The
purpose of this study is to explore the generating mechanism and evolution law of volumetric alternate
cavitation (VAC). In the VAC, the liquid water is placed in an airtight container with variable volume. With
the volume alternately changes, the liquid water inside the container continues to cavitate. In this study,
the mixture turbulence model and in-cylinder dynamic grid model were used to apply computational �uid
dynamics (CFD) simulation of volume alternate cavitation. In the simulation, the cloud images at 7
heights on the central axis are monitored, and the phenomenon and mechanism of height and
eccentricity are analyzed detailedly. By using the method of cavitation �ow visualization (CFV), the
generating mechanism and evolution law of cavitation are clari�ed. The synergistic effects of
experiments and high-speed camera capture con�rm the simulation. In the experiment, the volume
change stroke of the airtight container is 20 mm, the volume change frequency is 18 Hz, and the shooting
frequency of the high-speed camera is set to 10000 fps. The results show that the position of occurring
cavitation phenomenon has a reasonable law during the whole evolution cycle of the cavitation cloud. It
is evident that a cycle of volume alternation corresponds to the generation, development and collapse
stages of cavitation bubbles. 

1. Introduction
Nowadays, cavitation generation method mainly includes hydrodynamic cavitation (1-5), ultrasonic
cavitation (6-9) and laser-induced cavitation (10-14), and its application covers cleaning (15, 16), surface
treatment (17-22), cavitation molding (23, 24), environmental protection and renewable (25, 26), etc.

The study of the traditional cavitation generation method has been concerned by many researchers. The
theory and application of hydrodynamic cavitation, an important cavitation generation method, have
been paid much attention and studied by scholars. A systematic and detailed study on hydrodynamic
cavitation for disinfection is conducted (2). The energy release of cavitation phenomenon and its
mechanism are described, and the effectiveness, economy and applicability of hydrodynamic cavitation
disinfection are con�rmed. Pooja et al. (1) studied the degradation of benzene in wastewater by
hydrodynamic cavitation in combination with air. Through the experimental study of inlet pressure,
thermal conductivity, treatment duration and air �ow ratio, the optimal parameter setting that can be used
to degrade benzene is obtained. Panda (27) et al. made a detailed report on the development trend and
practical application of hydrodynamic cavitation in recent years, and pointed out the future development
direction in view of speci�c de�ciencies. In addition to hydrodynamic cavitation, many other cavitation
generation methods have been studied. The effect of viscosity reduction is studied through the
synergistic effect of ultrasonic cavitation and heterogeneous catalyst (8). Shen et al. (9) applied
ultrasonic cavitation to medicine and studied the effects of different parameters in ultrasonic cavitation
on inducing apoptosis of tumor cells. Abhinav et al. (10) explored the impact force of a single bubble
rupture in the case of the combination of laser-induced cavitation and acoustic cavitation. Pello et al. (25)
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reported the combination of ultrasonic cavitation and ozone to treat wastewater, and the treated
wastewater met the standards for microbial disinfection of drinking water. Obviously, these traditional
cavitation generation methods can be applied to life and production after research.

Although cavitation research has a long history, the research on the mechanism of cavitation generation
methods and cavitation evolution law has not interrupted. Sun (28) analyzed the cavitation mechanism
and development process of the cavitation �ow �eld located on the rotor and stator, and concluded that
the shape and size of the vortex cavitation depended on the compression effect generated by the
interaction. A new type of rotary hydrodynamic cavitation generator has been studied and applied to the
re�ning of cellulose pulp, which proves that this method is more economical and effective than
conventional methods (29, 30). Chen et al. (31, 32) designed experimental equipment for cavitation
generated by negative pressure, studied the erosion effect of negative pressure cavitation on material
removal rate and surface roughness, and proposed a kind of cavitation water-suction polishing without
grinding conditions to remove materials through green manufacturing method. Among them, the method
used by researchers to capture the cavitation phenomenon is cavitation �ow visualization (CFV) (7, 11,
28, 30, 33). The dynamic evolution law of cavitation cloud of submerged water jet was obtained by
visualization of cavitation �ow (34). Steve (35) studied the occurrence and evolution of cavitation in
capillary tubes under the condition of temperature alternation, and made corresponding theoretical
analysis and experimental discussion. In evidence, in order to break through the limitations of
traditional cavitation generation methods, novel cavitation generation methods emerge in an endless
stream.

In this paper, a new cavitation generation method, volumetric alternating cavitation (VAC), is proposed.
Different from the traditional cavitation generation methods, the mechanism of VAC is based on the
change in volume of the airtight container to form a low- pressure environment lower than the saturation
vapor pressure of the liquid phase, and then the cavitation bubbles are formed in the low-pressure
environment, and �nally the cavitation bubbles are broken by high pressure extrusion. Due to the volume
changes in the airtight container, the cavitation bubbles are constantly generated and broken. However,
cavitation bubbles rupture (14, 36) will generate extremely huge energy, which can play a role in polishing
and strengthening the wall surface, especially for the inner surface of complex cavities. In addition, VAC
can also be used for rapid emulsion manufacturing, cavitation cleaning and other aspects. Of course, the
advantages of this cavitation generation method are also distinct, such as: the method of VAC is simple
and easy to operate, the device of VAC is environmentally friendly and energy saving. Moreover, this study
can provide guidance for the application and design of VAC in the future.

2. Experimental Facility
As shown in Fig.1, an experimental platform was built to meet the experimental requirements. The
experimental platform includes a cavitation generator (f), a shooting device, a motor drive device (b), a
control terminal (c) and supports. The cavitation generator (f) is an airtight container made of assembled
parts, which can meet the requirement that there is only water in the airtight container without excess air
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pressure. The sample (g) in the cavitation generator (f) has a hole 30mm deep and 4mm in diameter
inside. The shooting device is composed of a high-speed camera (d), a high-power LED light (e) and
re�ective glass. The shadow imaging method (6) is used to capture the phenomenon of the VAC. In order
to re�ect the complete period of the experimental phenomena in detail, the time interval of the high-speed
camera (d) is set to 10,000 FPS. The motor drive device (b) is used to drive the reciprocating movement
of the push rod, and then realize the reciprocating movement of the piston inside the cavitation generator
(f), to meet the conditions of generating VAC. Fig. 2 is a schematic diagram of the device shown.

Refer to Figure 2, the experimental details can be summarized as follows:

1. The environment for cavitation is an airtight container, which can well avoid the exchange of gas
with the outside.

2. The airtight container is a cylinder which consists of three faces: the upper surface, the side surface
and the bottom surface. Inside the container sits a cylindrical sample with a small hole.

3. The side and the bottom surface of the airtight container are �xed, and the upper surface is
essentially the bottom surface of the piston.

4. The piston has two vital functions, one is the sealing ring around the piston to ensure the airtight
container is sealed. The other is that the piston can move up and down under the drive of the motor
and linkage to realize the volume alternating of the airtight container.

3. Numerical Analysis
3.1 Theory

3.1.1 Mixture model

The Mixture model in CFD can be used for two-phase or multiphase �ow calculation. The model allows
interphase penetration, that is, the sum of the volume fraction of each phase in each grid cell can be any
value between 0 and 1. Of course, the model also allows for phase slip, meaning that each phase can
have different velocities. Through the analysis, Mixture model is suitable for the numerical analysis of
this study. Its momentum conservation equation is:
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3.1.2 Dynamic mesh model

Regarding the dynamic mesh, the integral form of the general scalar in the conservation equation is Φ
Under the premise of any controllable volume V, the boundary motion of the mesh can be expressed as:

Where ρ is the density of the �uid,  is the velocity vector, is the moving velocity of the moving

mesh, is the diffusion coe�cient, and  is the source term of Φ Here, is used to express the
boundary of the controlled volume V.

3.2 Numerical analysis of complete period

In order to reveal the speci�c mechanism of VAC, the reciprocating motion of the piston is used to control
the alternate change of volume. Therefore, this study takes an alternate change of volume as the basis
for simulation. Fig. 3 is the initial simulation model. The height of the inner hole in the sample was
equally divided into 6 sections, with a total of 7 heights, and the change of the gas phase volume fraction
was monitored at the 7 heights within a motion period. Fig. 4 is the distribution of different heights in the
piston inner hole.

3.2.1 Gas phase volume fraction distribution cloud nephograms

The volume variation in this study is based on the motion controllability of the upper interface. In the
simulation process, the upper interface takes 18Hz as the motion frequency and 20mm as the motion
stroke to monitor the speci�c situation of the gas phase volume fraction within a cycle and make the
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corresponding simulation cloud map. Fig. 5 shows the cloud nephograms of the gas phase volume
fraction at seven heights in the inner hole. 

3.2.2 In�uence of height on cavitation formation

As shown in Fig. 6, this �gure demonstrates the data diagram of gas phase volume distribution at
different heights along the central axis of the inner hole with time variation. It is obvious that the gas
phase volume fraction varies constantly over time at each height.

Wherein, the height of 0 represents the change rule of the gas phase volume fraction at the bottom of the
hole. It is found that the gas phase volume fraction at the bottom of the hole is relatively high at the
beginning, then decreases continuously. The reason for this phenomenon is that in the initial process, the
liquid will be attached to the piston due to the tension, and the upward movement of the piston will drive
the liquid upward. There will be a low-pressure area at the bottom of the liquid. When the pressure of the
low-pressure area is lower than the saturated vapor pressure of the liquid, the liquid will be transformed
into gas. After the initial process, due to gravity, the liquid attached to the piston separates from the
piston and begins to deposit downward. The generated gas, which is less dense than the liquid, �oats
upward through the liquid, resulting in a declining volume fraction of the gas phase at the bottom of the
hole.

The height of 0.03m represents the situation of the gas phase volume fraction on the upper surface. It
can be clearly seen from the �gure that the gas phase volume fraction on the upper surface is more than
that at other heights of the inner hole. The reason can be summarized as follows: when the piston is
moving, the liquid is always inside the hole due to gravity, so there is a low-pressure area like vacuum on
the upper surface, as shown in Fig. 7. The pressure in this low-pressure area is much lower than the
saturated vapor pressure of the liquid, causing the liquid on the upper surface to undergo a violent phase
transition, constantly changing from liquid to gas. The gas phase volume fraction on the upper surface
appears at the middle stage and the last stage of the piston movement cycle. The two peak values of gas
phase volume fraction appear in the middle stage and the �nal stage of piston motion cycle respectively.
The reason for the peak in the middle stage is that at this time point, when the piston moves to the limit
stroke, the liquid phase in the inner hole is transformed into the gas phase by the most amount, and the
generated gas is mostly �lled in the vacuum-like low pressure area above the liquid. As the generated gas
is more, the liquid level will decline, leading to the higher volume fraction of the gas phase on the upper
surface. The reason for the peak in the �nal stage is that the piston begins to return to the initial height.
Due to the excessive speed, the gas in the vacuum-like low-pressure area has been pushed back into the
hole before being converted into liquid, resulting in a sharp increase in the gas phase volume fraction at
this time.

3.2.3 In�uence of eccentricity on cavitation formation

In view of the above results, this study conducted the exploration on the upper surface and bottom
surface of the inner hole, and analyzed the relationship between the gas volume fraction in these two
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planes and the eccentricity (the distance from the central axis of the inner hole). The speci�c processing
results are shown in Fig. 8 and Fig. 9.

Fig. 8 shows the variation of gas phase volume fraction with different eccentricity on the upper surface
over time. It can be clearly seen from the �gure that the gas phase volume fraction is generally
maintained above 0.7, which belongs to a relatively high level. However, when the eccentricity is 0.002m
and the time is 0.0034s, the gas phase volume fraction decreases sharply to less than 0.4. The reason
can be summarized as follows: at 0.0034s, the piston moves to the limit stage of stroke. At this stage, the
velocity of the piston is close to zero. Meanwhile, the conversion rate from liquid phase to gas phase
reaches a very low level, and the conversion from gas phase to liquid phase begins. The area with an
eccentricity of 0.002m belongs to the near wall surface, and the newly generated liquid phase will be
preferentially adsorbed to the wall surface, giving rise to a sharp decrease in the volume fraction of the
gas phase there.

Fig. 9 shows the variation of gas phase volume fraction with different eccentricity at the bottom surface
over time. It can be explicitly seen from the �gure that the volume fraction of the gas phase decreases
over time, and different eccentricity has little effect on the volume fraction of the gas phase.

4. Results And Discussion
4.1 Formation stage of cavitation bubbles

In order to verify the correctness of the simulation results, plenty of experiments were carried out, and a
high-speed camera was used to capture the phenomenon. Meanwhile, the method of CFV is used �exibly
here. Fig. 10 shows the cavitation situation in the hole when the volume just starts to increase. It is
apparent from the picture that: As the volume increases, the cavitation bubbles are generated at a height
of 0, and there are a large number of cavitation bubbles on the upper surface, that is, the primary stage of
cavitation, which is consistent with the explanation given in Fig. 5 that cavitation occurs preferentially on
the bottom and the upper surface. Fig. 11 shows the schematic diagram of initial generation of cavitation
bubbles at the bottom. The cavitation generation stage reveals the process of the cavitation bubbles from
nothing to existence, which con�rms the feasibility of VAC.

4.2 Development stage of cavitation bubbles

As the volume continues to increase, the cavitation cloud begins to evolve further. As shown in Fig. 12,
the rising of the piston drives the cavitation bubbles near the upper interface to move upward. And the
cavitation cloud separation phenomenon appears on account of the bubbles farther away from the upper
interface having the tendency of downward movement. The violent cavitation reaction at the upper
interface also corresponds to the explanation given in Fig. 5. In the process of separation, the large
bubble is torn (35) and new small bubble begins to form.

4.3 Collapse stage of cavitation bubbles
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Cavitation bubble collapse mainly occurs at the end of the volume alternating cycle, that is, the piston
returns to the liquid level again. As shown in Fig. 13, when the piston moves to the end of a period, a
plentiful of gas phases appear on the upper surface of the liquid, which is consistent with the
interpretation of the simulation results. However, cavitation collapse is particularly signi�cant at this
stage, with large cavitation bubbles collapsing into a great deal of small cavitation bubbles. Fig. 14 is a
schematic diagram of cavitation bubble collapse.

4.4 Discussion

In the condition of an ideal gas, we can assume that P*V/T is constant in an airtight container. Hence, P
is inversely proportional to V when the temperature constant. That is, the pressure inside the airtight
container decreases as the airtight container volume increases. When the volume increases to a certain
extent, the pressure P must be less than the saturated vapor pressure of the liquid. Therefore, the liquid
inside the container is going to be converted into a gas. On the other hand, when the volume decreases,
the gas turns into a liquid.

In the airtight container, the gas and liquid are cyclically converted, and the corresponding phenomenon is
the formation and collapse of cavitation bubbles, such as the cavitation phenomenon photographed by
the high-speed camera.

Compared with the traditional method of indirectly generating low pressure by using the velocity
difference in water, this study directly creates a low-pressure environment similar to vacuum, which is a
completely new cavitation generation method.

5. Conclusions
In this study, numerical simulation and experimental analysis of VAC were carried out, and the following
conclusions were drawn.

1. VAC is feasible as a new cavitation generation method. The whole experiment and simulation are
based on the premise that the piston moving frequency is 18Hz and the piston moving stroke is
20mm to realize the alternate changes of volume. The initial stage when the volume begins to
increase, the bottom of the container is constantly formed with cavitation bubbles, and the upper
surface also has a large quantity of cavitation bubbles, which can be regarded as the stage of
cavitation bubble formation. As the volume continues to increase, cavitation cloud separation
phenomenon occurs, and other small bubbles are generated in the separation process, which can be
regarded as the development stage of cavitation cloud. Finally, when the volume returns to its
original size, the cavitation collapse stage occurs.

2. VAC is a new cavitation generation method, which needs to be further studied. The position of
generating cavitation and the law of cavitation evolution are studied here. The subsequent studies
can include piston motion frequency, piston motion stroke, different liquid phase and other aspects.
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3. The study of VAC has momentous research signi�cance and paves the way for its application in
industry in the future. For example: accurate polishing of complex microcavity, rapid manufacturing
of emulsion, cavitation cleaning and so on.
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Figure 1

Experimental platform: (a) computer, (b) motor drive device, (c) control terminal, (d) high-speed camera,
(e)LED light, (f) cavitation generator (g) sample
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Figure 2

Schematic diagram of the VAC
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Figure 3

Simulation model



Page 16/25

Figure 4

Model size diagram
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Figure 5

Periodic cloud map
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Figure 6

Gas phase volume distribution at different heights along the central axis of the inner hole with time
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Figure 7

Schematic diagram of low-pressure zone in vacuum-like environment



Page 20/25

Figure 8

Variation of gas phase volume fraction with different eccentricity on the upper surface over time
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Figure 9

Variation of gas phase volume fraction with different eccentricity at the bottom surface over time
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Figure 10

Diagram of cavitation bubble formation

Figure 11
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Figure 12

Diagram of cavitation bubbles development
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Figure 13

Diagram of cavitation bubbles collapse
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Figure 14

Schematic diagram of cavitation bubble collapse


