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Abstract. Recently, hydraulic systems are required to be smaller and have higher output. However, the working
pressure of the hydraulic system is rising, and as a result, the occurrence of cavitation which causes various serious
problems such as cavitation bolstering is promoted. The purpose of this study is to remove air bubbles generated by
cavitation from hydraulic oils and solve the problems of hydraulic systems derived from the air bubbles. In this
paper, in order to know the state of bubbles caused by cavitation, we experimentally investigate the behavior of the
cavitation jet through a cylindrical nozzle by recording the motion of the cavitation jet with a high speed camera. As
a result, it is confirmed that cavitation is intermittent with high speed phenomenon and many bubble diameters
generated by the cavitation are less than 0.1 mm. The average break out frequency of the cavitation jet is about 8
kHz. The separated bubbles collapsed, change to the fine bubbles, and returned to the reservoir. We conclude that the
bubble removal system is necessary for hydraulic system to eliminate the minute bubbles.
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INTORODUCTION

The rated pressure of hydraulic equipment installed in construction machines has been increased over the past
several decades, and required to be smaller and lighter in order to improve workability. Figure 1 shows the
change of rated pressure and power density from 1975 to 2011 for typical construction machinery. Between
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FIGURE 1. Power density and rated pressure of the construction machinery
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1975 and 2011, the rated pressure of hydraulic pump increased about 1.5 times and the power density increased
about 2.5 times. In recent years, further miniaturization is required in order to deal with the designation system
of exhaust gas countermeasure type of construction machineries. Therefore, it is expected that the rated pressure
will further increase in the future.

The high pressure of the hydraulic system makes it possible to miniaturize hydraulic equipment, but there are
various problems. One of the problems is to promote the occurrence of cavitation. About 8 to 10% of the air is
dissolved in the working oil under atmospheric pressure, and dissolved air greatly affects the occurrence of
cavitation. Cavitation jets are generated when the pressure drops suddenly at the narrow flow path such as
notches in the pump, valve orifice parts, etc. Cavitation bubbles precipitated with cavitation jets collide against
the walls of the equipment and erode them [1]. In addition, air bubbles precipitated by cavitation continue to
dissolve in the oil, causing degradation of the dynamic characteristics of the equipment [2] or promoting
deterioration of hydraulic oil [3].

The purpose of this research is to solve the problem of hydraulic system caused by air bubbles by eliminating air
bubbles in hydraulic oil. In order to efficiently eliminate air bubbles in the oil, the condition of the air bubble
should be known in detail. In this paper, the state of the cavitation jet is experimentally visualized using a high
speed camera, and the state and inception of the cavitation is analyzed by a series picture images.

EXPERIMENTAL METHODS

Figure 2 shows a schematic diagram of experimental hydraulic circuit. Air bubbles are intentionally infused into
working oil at a suction line of a pump. A hydraulic chamber which can generate the cavitation jet is attached
between A and B in the hydraulic circuit. Figure 3 shows a sectional view of the chamber which is the cavitation
generation part. After pressurized oil is rapidly decompressed through a cylindrical choke, a jet with cavitation
is flowing out from a cylindrical choke. A transparency observation window made by acrylic resin is attached to
the side of the chamber, and it is possible to observe the state of the flow inside the chamber. In this experiment,
the state of the jet flowing out from the cylindrical choke is digitally recorded and stored with a high-speed
digital camera through the observation window. Figure 4 shows a typical example of flow visualization of
cavitation jet by the digital camera.

In this experiment, a mineral-based hydraulic fluid with a kinematic viscosity of 31.65 mm?s (@ 40 °C) is used.
The qil temperature in the reservoir at the time of the experiment is kept at 47°C. An oxygen meter in the
reservoir stood at 6.5mg/ L.

An upstream pressure of the chamber was kept at 20 MPa and a downstream pressure was 0.2 MPa. A cavitation
number at this time was 1.1 x 10, A volume flow rate measured with a flow meter attached to the downstream
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FIGURE 2. Hydraulic circuit of test apparatus
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FIGURE 3. Schematic of the test chamber for flow visualization of the cavitation jet

FIGURE 4. Flow visualization example of the cavitation jet with digital camera

side of the chamber is 1.66 L/min. And the average flow velocity of the fluid passing through the choke is 72
m/s. Cavitation jets from the outlet of the cylindrical choke to the downstream side were digitally recorded and
stored at 1x10° frame/s using the high speed digital camera (FASTCAM SA-Z).

EXPERIMENTAL RESULTS

Figure 5 shows the series digital images of the cavitation jets for every 3 frames (3.0x10° s). The outlet of the
cylindrical choke locates on the right side of the each image, and the jet flow with cavitation bubbles flows
toward the left side of the each image. The image indicated by white color is a bubble body occurred by
cavitation.

It can be confirmed that the large bubble body having a diameter of 5 mm or more are repeatedly separated out
by passing through the cylindrical choke and the separation of air by the cavitation is an intermittent
phenomenon. The state of the cavitation inception is analyzed for 1000 frames (1.0x10? s). The bubbles
separate out about every 1.0x10 seconds and 76 large bubble bodies separate out during 1.0x107 seconds.
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Figure 6 shows a histogram of the bubble inception frequency calculated from the bubble inception cycle. The
bubble inception frequency is 5 to 13 kHz, and the average frequency is 8.0 kHz. The cavitation often generates
with noise. It isinferred that the noise sounds in this frequency band are generated when the cavitation occurs.
Large bubble bodies by the cavitation collapse at 25 mm downstream side of the outlet of the cylindrical choke,
and it turns out that it flows into the downstream direction as fine bubbles. It is confirmed that the diameter of
the bubbles is about 0.1 to 0.2 mm and most of the bubbles are smaller than 0.1 mm. In hydraulic systems,
actually, when small bubbles separated out by the cavitation return to the reservoir, it is difficult to eliminate the
bubblesin a short time [4]. In hydraulic systems where generation of cavitation is conspicuous, it is necessary to
introduce a bubble removal system capable of removing fine bubbles.
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FIGURE 5. Flow visualization of the cavitation jet with high-speed camera
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FIGURE 6. Air release frequency of the cavitation

CONCLUSIONS

In this report, the state of occurrence of cavitation jet in the hydraulic circuit is experimentally recorded using
the high speed camera and the phenomenon is analyzed in detail. As aresult, it is confirmed that cavitation is
intermittent with high speed phenomenon. The average break out frequency of the cavitation jet is about 8 kHz.
The separated bubbles collapsed, change to the fine bubbles, and returned to the reservoir. The bubble removal
systemis necessary for hydraulic system to eliminate the minute bubbles.
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