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Abstract. Almost in all cases, the hydraulic fluid contains not only the liquid phase of the used
oil but also by the gaseous phase, which is often air. Air and oil form a while tanking and
pressure drop in particular areas of fluid flow. It can be during dynamic processes due to
different rates of gas dissolution and evolution from the fluid. The value of gas compressibility
is much bigger than the fluid one, it is necessary to investigate the impact of the gas content of
hydraulic fluids on the operation of hydraulic systems. This paper considers analyzing the
impact of the gas content of oils on characteristics of hydraulic devices and the properties of
hydraulic fluids and the degree of their variation with the amount of undissolved air.

1. Introduction

One of the properties of hydraulic fluids used as energy carriers in hydraulic systems is the solubility
gas. It means that gas molecules are in the intermolecular fluid space. Such the gas is dissolved, unlike
the entrained gas that has a form of bubbles in a fluid.

The impact of dissolved gas on the operation of hydraulic devices is pervasive in apparatus having
significant volumes of the hydraulic fluid with the non-permanent pressure and temperature. Such
apparatus are actuators and connecting pipelines in electro-hydraulic mechanisms.

The value of c; is the air solubility of the pressure equal to 1 atm. In this case, the air solubility for
mineral oils and hydraulic fluid of 1 atm depends on the specific gravity of the oil:

¢, -10> =4511—41,64-, 1)

where y — the specific gravity of the oil.

This equation above permits to approximately find the air solubility for mineral oils if their specific
gravity is foregone. It represents the impact of density that is one of the main parameters of mineral oil
on the air solubility. The density increasing, air solubility of mineral oil decreases.

Hydraulic devices sometimes have areas where the hydraulic fluid is tangent to air and is entrained
into the hydraulic system, for example, in an intensifier with a jet pipe. Entrained air under pressure
begins to dissolve in the hydraulic fluid. That is what increases the content of dissolved air in the fluid.
However, if there are no areas of direct contact of the hydraulic fluid and air during the operation of
the hydraulic system, the hydraulic fluid contains the dissolved air even before filling the system under
ordinary conditions and atmospheric pressure.

The content of undissolved gas adversely affects the reliability of the operational properties of the
hydraulic fluids and the parameters of hydraulic equipment. Thereby the performance of the hydraulic
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system reduces. Figure 1 shows the classification of the impact of the gas factor on the properties of
mineral oils and the parameters of hydraulic systems.
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Figure 1. The classification of the impact of the gas factor on the properties
of mineral oils and hydraulic system parameters.

2. The impact of the gas factor on the characteristics of hydraulic fluids

Investigative and field researches [1] show that the process of fluid degassing is very slowly. The
content of undissolved air in the hydraulic fluid significantly increases the surface used to oxygen
diffusion. The result of oxidation is the increase of the oil viscosity [2, 3, 4], buildup acidic products
of deterioration, such as hydroxy acids, resins, asphaltenes that decays its anti-corrosive ability. The
lubrication performance and demulsibility get worse. Papers [2, 5, 6] tell that the resinous oxidation
product precipitates. These cause the increased wear of the friction couple, jamming of the spool-type
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couple, siltation of throttling trench, and a thrashing of filter elements [7]. The presence of air bubbles
causes the dangerous of the probability of a “diesel effect” [2, 8, 9, 10] in the medium under isentropic
compression.

The fluid having the p undissolved gas in dispersed form, its viscosity increases. For example,
mineral oil containing 10% air has a viscosity of 15% higher than the pure one [11]. In some cases, it
impacts on the value of the hydrodynamic load-carrying capacity of the oil film. Air bubbles disrupt
oil film that leads to an extension of the space of metal-to-metal contact and increased wear [6]. The
presence of a dispersed gas-air factor in the hydraulic fluid and especially the accumulation of it in the
form of lumped volumes in the dead ends of the hydraulic systems adversely affect the heat exchange
process, so the heat air conduction is much lower than the oil one [6]. The presence of air bubbles in
the fluid reduces the bulk modulus of the compressible medium. Thus, one percent of undissolved air
decays the bulk modulus of the mixture by 40% [12].

The following equation gives bulk modulus of the mixture

dp
BmIX lex deiX ' (2)
where Bmix — the bulk elastic modulus of the mixture under unrestricted pressure p; Vmix — the
volume of the mixture under unrestricted pressure p; dp — an infinitesimal increment of pressure; dVmix
—an infinitesimal increment of the volume of a mixture.

The maximal change in the bulk mineral oil modulus due to the content of free gas occurs under the
pressure of less than 5 MPa [13].

An increase in the compressibility of the medium causes a deterioration in its function of the link
transferring pressure energy. It is an undesirable event for hydraulic self-control systems requiring
high accuracy and operation speed. Thus, researches [14] of the dependence of the response time and
excessive correction on a unit disturbance at the inlet of the hydraulic booster with and without air in
cavities show that the presence of undissolved air in the hydraulic fluid increases the excessive
correction to 20% and the response time to 30%. The undissolved air can also lead to a decrease in the
stability of the hydraulic system, in particular, the follower system.

The formula [12] determines the volume content of gas under atmospheric pressure po:

0[9 :Vg.O /Vmix.O’ (3)

where ag — the volume gas content; Vmixo — the volume of the mixture under atmospheric
pressure po, Vg0 — the volume of gas under atmospheric pressure po;

Vmix.o :VI.O +Vg.0 (4)
where Vo — the volume of liquid under atmospheric pressure po.
Then the following formula characterizes the ratio of the volume of the liquid component to the
volume of the mixture under atmospheric pressure po:

VI.O

V. 1-a,. 5)
3. The impact of gas content on the operation of hydraulic devices
The presence of an undissolved gas-air component in the hydraulic fluid reduces the performance of
hydraulic equipment. For example, the compressing time of the hydraulic press arrangement increases
sharply when the elastic modulus of the fluid decreases due to an enhance in gas content [15]. The
compressibility of the fluid filling the work volume of the hydraulic actuator requires additional
energy consumption for its compression. The working volume of the hydraulic motor and the speed of
its operation increasing, the power loss increases. For example, while using a hydraulic fluid with a
bulk modulus of 1406 MPa in a drive with a response frequency of 100 Hz and a hydraulic cylinder
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with a volume of 164 cm?, the power loss will be about 5 kW for every 5.8 cm? of piston area under a
system pressure of 21 MPa. The hydraulic system operating under pressure equal to 21 MPa with a
flow rate of 15 Ipm and a power of 5 kW cannot move the load with a frequency of 100 Hz because it
needs to take all power for compressing of the fluid [16].

The undissolved gas in the hydraulic fluid enhances the high-frequency pressure vibration in the
duct of the hydraulic equipment and pipelines. That leads to an increase in the noise of the hydraulic
system. According to the data given in [17-7-18], the presence of 2-3% of undissolved air can
increase the noise by up to 10 dBA. The tests conducting with a pumping unit based on a pump with a
valve distributor show a decrease in the noise level by 3 dBA after fluid degassing.

4. Gas evolution from the hydraulic fluid

It is experimentally proved [19] that the presence of a dissolved gas component does not change the
elastic properties of liquids. However, the dissolved phase may cause such an unpleasant phenomenon
as cavitation.

The evolution of a gas-air component in t increasing space of the pumps (gas cavitation) leads to
the underfilling of the operating chambers and a decrease in displacement to its starvation [20, 21]. It
is estimated that when the content of the undissolved gas factor is 5%, the delivery coefficient under a
pressure of 20 MPa decreases by about 10% [16]. The gas amount released from the hydraulic fluid
depends on three things: the fluid type, the rate among the fluid flow pressure and the bubble point
pressure of the dissolved gas, and temperature. So intensive air release in the AMG-10 oil (aviation
hydraulic fluid) leading to pump starvation starts at a temperature of 18 °C when the pressure in the
stream decreases to a value equal to half the pressure of saturation of the liquid with air. The
temperature of the fluid increased, the critical pressure in the flow increases. It is already 75% of the
saturation pressure at 60 °C [20].

The phenomena of gas cavitation in the throttling elements change the flow structure and pressure
distribution in the wetted part. It can significantly affect the capacity of the throttle gap and the forces
acting on the shut-off-and-regulating element of the hydraulic unit. The phenomena lead to instability
of the flow characteristics and the blockage effect of the throttling element [22-7-23]. The blockage
effect is that the fluid flow through the throttling element stops to increase together with enhancing
pressure drop under constant pressure at the inlet of the throttling element. The minimum value of the
pressure drop is a critical one. It is because the fluid flow velocity cannot exceed the propagation
velocity of disturbances in it (local sound velocity). The propagation velocity can be lower than the
sound one in the air for certain combinations of the minimum pressure in the throttling zone and the
volume content of undissolved gas [24, 25].

It is found that the process of gas evolution from the fluid (“capillary” gas) can accompany the
flow of hydraulics fluids through capillary channels under certain conditions. This process causes
passages to plug. This phenomenon called the filtration effect can account for a decrease in the
efficiency of filter made of foam materials [26].

5. Conclusions

Therefore, one of the significant factors, which negatively affect the performance of the hydraulic
system elements, its lifetime, and durability, is the presence of a gas-air factor in the hydraulic fluid in
the dissolved and, especially, undissolved phase.
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