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PHYSICAL FUNDAMENTALS OF ULTRASONIC DEGASSING

One of the key benefits of hydraulic system is its rigidity. It lets the signal to be transmitted from the source to the recipient with no loss. Positioning
accuracy of actuators significantly depends on the rigidity. The higher the rigidity, i. e. volumetric elasticity modulus, the more accurate performance
of hydraulic actuators. The presence of free and dissolved air in liquid is one of the key properties that affect the rigidity. Means of degassing
discussed in the paper show a good potential for the mechanical methods, especially for the cavitation technologies. Based on the physical aspects of
degassing, the authors recommend to use high- and low-amplitude ultrasonic oscillators to remove air from reservoirs of hydraulic systems.
Experiments with degassing of various liquids: water (density p= 1000 kg/m®); hydraulic oil (density p=860kg/m’); engine oil (density
p = 844 kg/m®) were mainly focused on the amount of extracted air depending on the duration of oscillations. Comparative analysis of degassing
velocities at liquid settling technique and ultrasonic degassing technique proved that the latter one has a better potential. A great deal of attention was
paid to the problem of the degassing of hydraulic reservoir, directly at suction line of the pump. The removal of dissolved and free air significantly
influences the non-cavitational operational mode of the pump. Which, in turn, prevents the equipment from early failure.
Keywords: ultrasonic degassing, hydraulic system, density, ultrasonic cavitation method, suction line of the pump, liquid.
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®I3UYHI OCHOBH ITPOIIECY YJIbTPA3BYKOBOI JIET A3AIIIT

OnHOO 13 mepeBar TiZpaBIiYHUX CUCTEM € ii BUCOKA XKOPCTKICTh. L5 SKiCTb 03BOJISIE 3 BUCOKOK IIBHIKOIIEI0 MEpPEeJaBaTH CUIHAI BiJl Kepesa 10
crnoxuBada. Brparu npu 1poMy MiHiManbHI. Bix skopcTKocTi cuctemu 6e3mocepeHbo 3aNeKUTh TOYHICTh HO3UIIOHYBAHHS BUKOHABYUX IIPUCTPOIB.
Yum OGisblIe >KOPCTKICTh, NMOKa3HUKOM SIKOi CITYXKHTh O0'€MHHH MOJYNb HPYXKHOCTI pOOOYOi piMHM, TUM TOYHIIIE ONEpalii, 0 BUKOHYIOTbCSA
rizpasniyHUMHU npuBonaMu. Ha neii napaMerp Mae 3Ha4YHUil BIUIMB HAsIBHICTD B pPOOOUil piIMHI PO3UMHEHOT0 i HEPO3UMHEHOT0 MOBITPs. PO3rIsHYyTI B
CTaTTi BapiaHTH AeTa3allii piguHN IOKa3aIi NePCHEKTHBHICT, MEXaHIYHHUX CIIOCO0IB, 30KpeMa 3aCTOCYBAHHS KaBiTAliHHUX TexHoNorid. Crimpaodnck
Ha (i3MYHI OCHOBHM MPOTIKAHHS IpPOLECY Jerasalii, aBTopamMd OyJO 3alpONOHOBAHO BHKOPUCTAHHS BHCOKOAMIUNITYAHHMX 1 MAaJOaMILTITYIHUX
YJIBTPa3BYKOBUX BHUIPOMIHIOBadiB ISl BHJAJICHHS IMOBITPA 3 Oaka rimpaBiniyHoi cucteMu. HaBeneHi aBTOpaMu €KCIIEPUMEHTANBHI JTOCHIIKEHHS
Tporecy Jierasanii pisHuX pizMH: Bomu (WikHicTs p = 1000 kr/mM); Macna riapapniuHoro (IimbHICTH p = 860 Kr/M°); MOTOpHOTO Macia (IiTbHICTH
p = 844 xr/M®), cToCyBaTHCS MUTAHB KiBKOCTi BHJIEHOTO TIOBITPS B 3aIeKHOCTI Bijl acy O3BYdyBaHHs pimuHK. ITOpiBHAIGHMN aHAN3 MBHIKOCTI
Jierasanii pilMHM i3 3aCTOCYBaHHSAM YIIBTPa3ByKOBOTO METOIY i METOJXY, 3aCHOBAHOTO Ha BiJICTOIOBAHHI PiIMHH, HAOYHO IOKA3aB IEPCIEKTHBHICTh
3aCTOCYBaHHS yIbTPa3ByKOBOIO KaBiTaIiHOro MeToxy. OcoOnuBYy yBary aBTOpM NPHUALIIIM MpoOIeMi BUAAICHHS HOBITPS 3 TigpaBlidHOrO Oaka
OesrocepelHbO B JIiHII BCMOKTYBaHHsA Hacocy. BHJaleHHS pPO3YMHEHOTO i HEPO3YMHEHOrO IOBITPS 3 JIHII BCMOKTYBAaHHS BIUIMBaE Ha
0e3KaBiTaLliOHHUH PEXHM POOOTH HACcOCY, 110 B CBOIO YEpry 3amodirae nepeayacHoMy BUXOLy 0OJIaJHAHHS 3 Jajy.

Kuro4oBi ci10Ba: ynpTpa3BykoBa Jierasallis, TiipaBiiyHa CUCTEMa, IUIBbHICTh, YIbTPa3BYKOBUI METOJI KaBiTallil, JIiHisi BCMOKTYBaHHS Hacoca,
piauHa.
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®U3NYECKUE OCHOBBI TPOIIECCA YJIbTPA3BYKOBOM JIETAZAIIUM

OJHUM M3 NPEeMMYIIECTB THAPABIMYECKHX CHUCTEM SBIACTCS ITOBBILICHHAS KECTKOCTh. JTO Ka4yeCTBO MO3BONSAET C BBICOKMM OBICTPOACHCTBHEM
nepefaBaTh CHIHAlI OT MCTOYHHKA K moTpeOuremo. Ilotepu mpu 3ToM MHHUMAmbHBL OT JKECTKOCTH CHUCTEMBI HANpSMYIO 3aBHCHT TOYHOCTH
[O3ULIMOHUPOBAHNS MCIIOIHUTENBHBIX YCTPOCTB. YeM Oosblie KECTKOCTD, MOKA3aTeIeM KOTOPOH CIIY>KHT 0OBEMHBIN MOYJIb YIPYrocTH pabodeit
XKUJIKOCTH, TeM TOYHEE OIEpall{H, BHINOJHSAEMbIC TMJPABIMYECCKIMH NpuBoAaMu. Ha 3ToT mapamerp oka3bIBaeT OrpOMHOE BIIMSHHE HAJIMYUE B
paboueil KHIKOCTH pPACTBOPEHHOIO W HEPACTBOPEHHOIO BO3IyXa. PacCMOTpEHHBIE B CTaThe BAapUAHTHI [ETa3alliy >KHAKOCTH MOKAa3aid
MEePCHEKTHBHOCTh MEXaHWIECKUX CIIOCOOO0B, B YACTHOCTH MPHMEHECHHE KaBUTAIIMOHHBIX TeXHOIOTHH. Onupasics Ha (U3HIECKHE OCHOBBI IIPOTEKAHHS
poliecca Jerasalin, aBTopaMi ObUIO MPEIOKEHO HCIIOIb30BAHUE BHICOKOAMILUIMTYAHBIX H MaJOAMIUINTYIHBIX YIBTPAa3BYKOBBIX M3ITydaTesnel s
yaaneHus BO3AyXa M3 0aka THAPABINYECKOH cucteMsl. IIpHBefeHHBIC aBTOPAMH 3KCIIEPUMEHTAIbHBIC HCCICAOBAHMS MPOLECCa Jera3alui PasHbIX
KHIKOCTeit: BOaBI (II0THOCTB p = 1000 Kr/M*); Macna rHApaBIMYeckoro (TIOTHOCTh p = 860 Kr/M’); MOTOPHOro Macia (IIOTHOCTh p = 844 Kr/M’),
KacaJliCh BOIPOCOB KOJHMYECTBA BBIJCICHHOTO BO3JyXa B 3aBHCHMOCTH OT BPEMEHH O3BY4YMBAHMS >KMAKOCTH. CpaBHUTEIBHBIN aHAIU3 CKOPOCTH
Jera3aluyl JKHAKOCTH C NPHMEHEHHEM YIbTPa3ByKOBOTO MeETOJa W METOJa, OCHOBAHHOIO Ha OTCTAMBAHMM JKHIKOCTH, HAIVIIAHO IOKa3all
MEepPCHEKTHBHOCT NIPUMEHEHUs YIbTPa3ByKOBOTO KaBHTaMOHHOTO MeToaa. Ocoboe BHMMaHUE aBTOPHI yASMIIM IMpoOIeMe yIaleHus BO3MyXa U3
TUJIPaBINYECKOro Oaka HENOCPEICTBEHHO B JIMHMM BCAachlBaHMs Hacoca. YjJaJleHHe PacTBOPEHHOTO M HEPAacTBOPEHHOrO BO3JyXa W3 JIMHUH
BCACHIBaHMS BIMACT Ha OE3KABUTALIMOHHBIN PEXXUM PabOThI HACOCA, YTO B CBOIO OYEpPEIb HPEAOTBPALIACT NPEKICBPEMEHHBIN BBIX0 000pPYI0BAHUS
U3 CTPOSsL.

KroueBble cj10Ba: yIbTpa3ByKOBasl Aera3alys, FTHAPABINYECKas CHCTEMA, INIOTHOCTb, YIbTPA3BYKOBOH METOJ KaBUTALIUH, JIMHHS BCACBIBAHHS
Hacoca, KHIKOCT.

Statement of a problem. The efficiency of many
processes depends on the quality of the power fluid used

0,5-5 %, but this value can even be as high as 15 %.
Dissolved air does not affect the modulus of elasticity

in the hydraulic actuating systems. The quality of the
power fluid is significantly affected by the dissolved and
undissolved air content. Undissolved air reduces the
volumetric modulus of elasticity of the power fluid.
Normally, the content of such air in hydraulic systems is

during normal operation of the hydraulic actuator.
However, when the pressure drops, e.g. at the pump inlet,
if the suction filter is fouled, air is vented and bubbles
form, which results in a higher content of undissolved air
in the power fluid. As a result, the volumetric modulus of
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elasticity of the working fluid decreases, significantly
increasing the probability of cavitation phenomenon with
its destructive consequences for elements of the hydraulic
system. The main nucleating center of cavitation in this
case, as a rule, are undissolved air bubbles. Undissolved
air also accelerates the oil ageing process in hydraulic
systems. Therefore, the issue of fluid degassing is very
relevant to ensure efficient and long-lasting operation of
hydroficated process equipment.

Physics of the degassing process. Chemical,
mechanical and physical methods of degassing liquids are
known [1, 2].

When degassing liquids by chemical method
reagents that bind gases dissolved in the liquid are used.
For example, sulphur dioxide, sodium sulphite or steel
wool are used for oxygen removal. Chlorine is used to
remove hydrogen sulphide from water. The reaction
produces sulphur crystals, which precipitate.

Mechanical methods of degassing operate on the
principle of mechanical separation of the gas-liquid
mixture by separation and filtration. These methods
include centrifugal and filtration methods.

Degassing liquids physically involves influencing
the physical properties of the liquid, usually by creating
conditions in which the solubility of the gas in the liquid
is close to zero, for example by heating, vacuuming or
settling.

Physical methods of degassing also include widely
known in practice technologies of cavitation degassing
used in various industries in the food and chemical
industries, power generation, metallurgy, etc. Cavitation
technologies are implemented by means of hydrodynamic
or ultrasonic cavitation. The acoustic or ultrasonic method
of degassing is very common and consists in the
introduction of intense ultrasonic vibrations into a
liquid [2-4].

The mechanism of ultrasonic degassing occurs when
nucleating centers of cavitation present in liquid in the
form of stable gas bubbles and gas micro-bubbles on the
surface of particles suspended in liquid under the
influence of ultrasonic waves begin to vibrate intensively
and increase in size at half-period of rarefaction and
decrease in size at half-period of contraction. The increase
in the bubble size is due to the fact that the internal
pressure of the vapor-gas mixture in the rarefaction phase
exceeds the external pressure of the liquid due to gas
diffusion into the bubble from the liquid, as well as due to
liquid evaporation from the inner surface of the bubble
and an increase in the mass of vapor in the bubble [5-7].
The predominance of one or the other mechanism of
bubble size growth depends on wave frequency, pressure
and gas saturation of the liquid.

At high oscillation frequencies in a low gas saturated
liquid at temperatures far from the boiling point, the main
factor for bubble growth is the periodic excess of the
internal bubble pressure over the external one.

The diffusion mechanism is the main one in the
region of low vibration frequencies, when there is a low
rate of pressure change in a liquid with significant gas
saturation. As the concentration of gas in the bubble
decreases due to a gradual increase in its size, gas diffuses

from the liquid into the bubble. At the half-period of
increasing pressure, the size of the bubble decreases and
gas diffuses from the bubble into the liquid. Since the
amount of gas, diffusing is proportional to the surface area
of the bubble, which is larger in the bubble growth phase,
in general during vibrational period due to the rectified
diffusion process an increase of gas mass in the bubble
and corresponding gradual growth of its size takes
place [8]. Due to the described mechanism, cavitation
bubbles either collapse with formation of spherical blast
waves and intense microflows or they have time to rise to
the liquid surface with increased size due to the growing
ejection force and are released from it.

The main characteristics of degassing process are
rate of change of gas concentration C in liquid dC/d¢t and
equilibrium gas concentration C’,, which is established in
liquid in presence of ultrasonic field after some time
interval. The change in gas concentration in the liquid in
the acoustic field during the irradiation time is determined
by the expression:

C=C,+(C,—C)e”, (D)
where C, — initial concentration; b — a parameter that is
determined by acoustic characteristics — sound intensity
and frequency.

There are two modes of ultrasonic degassing - pre-
cavitation and cavitation.

In the first case speed of concentration change is
proportional to intensity of sound, and its dependence on
frequency f, obtained by generalization of experimental
data, has the following form:

E:B.fﬂ.e_k’

0 2

where B, n, k — other empirical constants.

For the water degassing process (by air) at ultrasonic
intensity /=0,03 W/cm® the constants have the following
values: B=2,3-10", n=1,43 and k=6,7-10°. And the
rate of change in concentration is maximum at a frequency
of f=200kHz. The value C', is independent of the
ultrasonic intensity and frequency.

If the ultrasonic intensity is sufficient to cause
cavitation in the liquid under given conditions, the rate of
change in gas concentration is also proportional to the
sound intensity, but increases with increasing sound
intensity faster than in the pre-cavitation mode, i.e.
cavitation contributes to accelerating gas removal from the
liquid. The gas removal rate remains at a value
corresponding to pre-cavitation conditions. Only at very
high sound intensities can an oscillation mode of
cavitation bubbles be realized, at which a further increase
in intensity causes a decrease in degassing rate.

The use of low-amplitude and high-amplitude
ultrasonic emitters is recommended for introducing
ultrasonic vibrations into the liquid. Low-amplitude
transducers are used when it is necessary to obtain
intensity of ultrasonic vibrations in liquid up to
6-8 W/cm?. In this case, the mechanism of pre-cavitation
and degassing is activated in the liquid due to the elastic
vibrations. With increasing intensity of oscillations to the
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threshold of cavitation in the rarefaction phase began to
actively form a large number of small vapor-gas bubbles,
which are practically not visible to the naked eye
(Fig. 1) [9]. Having made one or more oscillations with a
change in size and accumulated energy, the bubbles
collapse during the contraction phase. In this case, if the
bubble is remote from neighboring bubbles or solid
surfaces, its shape is close to spherical and its slamming
occurs with the formation of spherical shock waves.
Otherwise, the bubble shape is distorted and, due to radial
unbalance of forces, the bubble collapses to form a
cumulative jet directed towards the nearest surface. Shock
waves and cumulative jets cause erosive destruction of
solid surfaces. However, the slight oscillation of the
bubbles and the diverging shock waves generate only
minor microleaks in the liquid volume, which does not
contribute to intensive degassing.

Fig. 1. Cavitation area formed by an ultrasonic low-amplitude
transducer mounted on the bottom surface of the cavitation
chamber

When the intensity of ultrasonic vibrations exceeds
6—-8 W/cm’ in the rarefaction phase cavitation bubbles are
formed, which due to large amplitude values of sound
pressure do not have time in the compression phase to
slam shut, but continue to oscillate in time with the
ultrasonic wave, gradually increasing in size to the size
that can be observed with the naked eye (Fig. 2). At the
same time, intensive cavitation pulls formed by steam-gas
bubbles depart from the radiating surface. Fluctuations of
these bubbles cause intensive microfluidic flows in the
volume of the process fluid. The liquid enters a quivering,
dynamic state. This is when the degassing process reaches
its maximum intensity.

S e mermerrree o8 e e

Fig. 2. Picture of the cavitation region created by a high-
amplitude transmitter with a developed emission surface

In ultrasonic emitters high amplitude vibrations are
achieved through the use of oscillating speed transformers
(Fig. 3, b).

Fig. 3. Ultrasonic emitters:
a — low-amplitude; b — high-amplitude with developed
surface

Attempts to increase the vibration intensity more
than the specified limits for low-amplitude and high-
amplitude emitters leads to disproportionate increase in
losses when introducing high-frequency vibrations into
the liquid. This is caused by the formation of a cavitation
layer on the emitting surface, which is a cluster of steam-
gas bubbles (Fig.4). This two-phase layer causes
scattering and absorption of ultrasonic energy. The need to
increase the productivity of the degassing process requires
the introduction of ultrasonic energy of sufficiently high
power into the liquid. For this purpose a developed
radiation surface is used (Fig. 3, b), and if necessary to
increase the ultrasonic intensity different methods of
concentration of ultrasonic energy in liquid are
applied [10, 11].

Fig.4. Formation of a cavitation layer on the radiation surface
when the vibration intensity increases

Experimental study of the degassing process. For
experimental investigation of degassing of liquids the
volumetric method was chosen, which consists in
investigation of change of liquid volume due to removal
of air.The ultrasonic degassing method and the
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sedimentation method were chosen for comparison.

The experiment was carried out with the help of an
experimental bench (Fig. 5).

A measuring tube 5 was used to
change in liquid volume during degassing.

Water and two different oils were
experiments:

- water (p = 1000 kg/m’);

- hydraulic oil Envirologic 3046 (p = 860 kg/m’);

- motor oil Shell Helix Ultra 0w40 (p = 844 kg/m”).

Water saturation with air was carried out by actively
stirring the tank with liquid for 30 sec. To prevent the

investigate the

chosen for the

liquid from heating up under the influence of ultrasonic
vibrations, this degassing method was investigated for no
more than 1 min.

The intensity of the ultrasonic vibrations on the
radiation surface is 12 W/cm®. Power consumption —
100 W, temperature — 19 °C.

Fig. 6 shows how, due to degassing, the liquid
becomes more transparent, the distribution 2 into a
transparent degassing volume 3 of liquid and the volume 1
of the two-phase, air-saturated liquid are clearly defined.
The volume of air removed reduces the liquid level in the
measuring tube.

5
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Fig. 5. Experimental unit for investigation of degassing liquids:
1 —body; 2 — high amplitude ultrasonic radiator; 3 — tank for investigation; 4 — cover; 5 — measuring tube; 6 — tank for pouring;
7, 10 — liquid inlet and outlet pipes; 8, 9 — inflow input and drain liquid valves; 11 — ultrasonic excitation generator

Fig. 6. Photo of the experimental setup during the experiment:
1 — gas-oil mixture; 2 — environment limit; 3 — degassed liquid;
h — change in research liquid level

The results of the experiments are presented as
graphical relationships (Fig. 7).

The study of the degassing process by sedimentation
was carried out on the same experimental setup at 190 °C.
Liquid volume changes were recorded after 15, 35, 60,
120, 180 min. and 12:00 after the start of counting.

The results of the study are presented as graphical
relationships in Fig. 8.

Fig. 9 shows a graphical comparison of the
effectiveness of ultrasonic degassing and sedimentation
degassing.

Conclusion. When comparing ultrasonic degassing
with sedimentation, one can conclude that the former
method is highly effective. After all, one minute of
ultrasound is equivalent to about 20 minutes of
sedimentation. With time, as it is possible to see on
graphs, intensity of air release from liquid decreases,
therefore for full degassing at sedimentation it was
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required about 12:00, the same effect by means of
ultrasound at the applied parameters can be reached in
4-5 minutes.

In future, it is reasonable to carry out tests at

substantially higher intensity of ultrasonic vibrations,
using high-amplitude radiator with developed emission
surface and at increasing temperature of technological
liquid.
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Fig. 7. Graphical relationship between air volume removed and ultrasonic degassing time
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Fig. 8. Graphical relationship between the volume of air removed and the time of degassing by sedimentation
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Fig. 9. Comparison of the effectiveness of ultrasonic degassing and sedimentation degassing
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