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Abstract. In experiments on cavitation effect on oil, rheological properties (density,
dynamic viscosity coefficient, oil composition, freezing point and shear stress on the wall) of
high-viscosity, low-freezing oils from the Kalamkas and Karazhanbas fields, as well as high-
freezing paraffinic oils from the Uzen and Zhetybay fields were studied. The ratio of oils in this
case is: Zhetybay-Uzen - 65%, Karazhanbas-Kalamkas — 35%. From a ready mixture of oils in
the volume of 10 liters, in accordance with the sampling method according to GOST 2517-85, a
sample of oil in the amount of 0.5 liters is taken for the initial analysis of the mixture of oils
according to the measured values. Then the ready mixture of oils, heated to the required
temperature, is loaded into the receiving tank of the unit and mixed with a mixer to obtain a
homogeneous mixture. The mixed oil mixture is pumped by a gear pump and fed to the
cavitation unit. In this case, the movable rod regulates the oil pressure at the inlet to the confuser
and changes the cavitation mode. After the oil passes through the diffuser, a sample of oil is
taken for analysis using a special device. The processed oil is again fed to the receiving tank and
then sent for secondary processing using a gear pump. The ultimate shear stress of oils before
and after cavitation at different temperatures was determined. It was found that at temperatures
below 30 °C and above, oils are Newtonian fluids. Pseudoplastic fluids have rheological
characteristics that do not depend on time, and for such fluids, the yield point is not detected.
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Introduction

Cavitation (from Latin cavitas) is the occurrence in a liquid and the subsequent instant (in
thousandths and millionths of a second) collapse of vapor-gas cavities (caverns) as a result of
created pressure differences, accompanied by hydrodynamic shocks similar to a point explosion.
In this case, as established for water, the local temperature of the collapsing cavern can reach up
to 6+10-10°K, and the pressure up to (5,06-10,1)-10° kPa, which corresponds to the parameters of
low-temperature plasma. As a result of a large number of force effects of collapsing bubbles in
the processed medium, deep chemical and physicochemical transformations and changes in its
properties occur. For example, cavitation action leads to partial splitting of water molecules and
a change in pH. Thus, the basis of all technological effects of cavitation application is its
destructive action [1].

According to the method of cavitation formation, the following types are distinguished:

- wave, arising as a result of excitation in the system of high-frequency ultrasonic
vibrations;

- hydrodynamic, associated with a violation of the continuity of the liquid due to an
instantaneous decrease and increase in pressure in a moving liquid flow;



- thermal, the excitation of which is associated with a local increase in temperature.

Cavitation has shown itself, first of all, as a negative phenomenon, leading to the
destruction of the propeller shafts of ships, pumps, turbines. A large number of studies have been
devoted to these issues [2-4]. And only with the advent of standard ultrasonic equipment, with
the help of which it is possible to excite cavitation in a liquid medium due to a wave pressure
difference, did this type of energy impact result in practical application in such technological
processes as emulsification, dispersion of suspensions, homogenization, depolymerization, etc.
[5-7].

In the early 60s, the first work appeared [5], in which it was shown that ultrasonic
treatment of oil leads to a change in its viscosity.

In the 70s, laboratory studies were conducted at the Institute of Oil and Natural Salts
Chemistry of the Academy of Sciences of the Kazakh SSR [6-8], as a result of which it was
clearly proven that under the influence of ultrasound, the viscosity and freezing point of oils
decrease, which can have a beneficial effect on its transportation through pipelines in the cold
season. But, apparently, due to the lack of equipment for ultrasonic processing of large volumes
of oil, required for the introduction of this method into industry, work in this direction did not
receive further development. In this regard, further efforts were directed at studying the
possibility of using hydrodynamic devices for emulsification. Devices with different operating
principles were designed and underwent bench tests: slot, resonator, vortex [7]. It was
established that for emulsification of reagents and processing of finely dispersed suspensions, the
most effective are ultrasonic hydrodynamic emitters of the vortex type. The principle of their
operation consists in converting the continuous movement of liquid under pressure into vortex
oscillating flows, which have a cavitation-cumulative destructive effect on the liquid medium
being processed. They provide a high degree of dispersion of reagents up to 80% — 20 microns,
simple in design and reliable in operation, and the energy consumption for obtaining the same
technological effects is 10-15 times lower than when using ultrasonic generators.

Materials and research methods

In experiments on cavitation effects on oil, the rheological properties (density, dynamic
viscosity coefficient, oil composition, freezing point and shear stress on the wall) of high-
viscosity, low-freezing oils from the Kalamkas and Karazhanbas fields, as well as high-freezing
paraffinic oils from the Uzen and Zhetybai fields were studied.

The experiments were conducted on a laboratory-type hydrodynamic cavitation unit with
a capacity of 3.5 m®hour. The unit is designed to operate in a closed mode, i.e. the processed oil
is re-processed in a very short period of time. At the beginning of the work, a mixture of oils in
the volume of 10 liters is prepared, which is necessary for cavitation treatment. For this, the
containers containing low-freezing oil from the Kalamkas and Karazhanbas fields are shaken
well for 10-15 minutes, and oils with a freezing point of 30 °C are additionally heated to a
temperature of 40-45 °C. This is a necessary condition for uniform distribution of oil
components in the container. Then, in a previously prepared clean container, a mixture of oils is
prepared, consisting of four oils from the Zhetybai, Uzen, Kalamkas and Karazhanbas fields. The
ratio of oils in this case is: Zhetybai-Uzen - 65%, Karazhanbas-Kalamkas — 35%. From the
finished oil mixture in the volume of 10 liters, in accordance with the sampling method
according to GOST 2517-85, a sample of oil in the amount of 0.5 liters is taken for the initial
analysis of the oil mixture by the measured values. Then the finished oil mixture, heated to the
required temperature, is loaded into the receiving tank of the unit and mixed with a mixer to
obtain a homogeneous mixture. The mixed oil mixture is pumped by a gear pump and fed to the
cavitation unit. In this case, with the help of a movable rod, the oil pressure at the inlet to the
confuser is regulated and the cavitation mode is changed. After the oil passes through the
diffuser, a sample of oil is taken for analysis using a special device. The processed oil again
enters the receiving tank and is then sent for secondary processing using a gear pump.



The number of samples of selected oil for analysis is selected depending on the specified
test modes. Analysis of the original and cavitation-treated oil is carried out at a temperature of 20
to 40 °C. Based on the analysis of oil samples, their rheological characteristics are determined
(pour point, dynamic and kinematic viscosity, ultimate shear stress). The pour point (or loss of
fluidity) of oil was determined according to GOST 20287-91. The analyzed oil was preliminarily
subjected to heat treatment and then cooled to a temperature at which it lost mobility. Having
added 3 degrees to the resulting temperature, we take it as the temperature of loss of fluidity of
oil.

Determination of kinematic viscosity and calculation of dynamic viscosity were carried
out in accordance with GOST 33-2000 (ISO 3104-94). The method is based on measuring the
time of liquid outflow under the influence of gravity in a glass viscometer. Two types of capil-
lary viscometers were used for the analysis: VPZh-2 with a constant C = 0.8853 mm?/s? and
VPZh-4 with a constant C = 0.3606 mm?/s?.

Results and Discussion

It is known that one of the most important properties in the characteristics of oils is
density. For its measurement, the areometric method of analysis according to GOST 3900-47
was used. Determination of the density of oils was carried out in a temperature range from 20 to
40 °C. It was found that the density of oils fluctuates between 0.84 and 0.9 g/cm®. In oils that
have undergone cavitation treatment, a slight change in density is observed compared to the
original oil. Further study of the analysis of oils shows a change in their rheological properties
after cavitation treatment. Tables 1, 2 show comparative characteristics of the mixture of oils
from the Kalamkas, Karazhanbas, Uzen, Zhetybai fields. The values of density, kinematic and
dynamic viscosity, pour point in the temperature range of 20-40 °C were obtained.

Table 1- Comparative characteristics of the oil mixture before and after cavitation
treatment

A mixture of oils from the Uzen, Zhetybai, Karazhanbas, and
Indicators Kalamkas fields
before after before after
D;gfgy 0,8816 0,8805 0,8876 0,8795
30°C 0,8785 0,8930 0,8684 0,8691
35°C 0,8679 0,8721 0,8632 0,8643
40°C 0,8604 0,8635 0,8601 0,8604
Kinematic viscosity, cSt - - - -
30°C 150,54 104,57 93,87 70,81
35°C 54,05 49,65 44,35 39,60
40°C 31,83 30,12 32,87 30,32
Freezing point, °C +24 +18 +24 +21
Mechanical 0,0156 : 0,0156 :
impurities, %
Water, % 0,0871 - 0,0871 -

Table 2- Comparative characteristics of the oil mixture before and after cavitation treat-
ment and the process of restoring the rheological properties of oils to their original characteris-
tics

Indicators A mixture of oils from the Uzen, Zhetybai, Karazhanbas, and
Kalamkas fields
before | after 6 days | before | after 6 days | after 8 days




Density
20°C 0,8805 0,8822 0,8795 0,8820 0,8815
30°C 0,8730 0,8915 0,8691 0,8725 0,8735
35°C 0,8621 0,8685 0,8643 0,8621 0,8642
40°C 0,8635 0,8641 0,8604 0,8621 0,8610
Kinematic viscosity, - - - -
cSt -
30°C 104,57 127,5 70,81 86,7 82,3
35°C 49,65 51,3 39,6 47,2 44,3
40°C 30,12 31,8 30,32 33,8 33,2
Freezing point, °C +18 +21 +21 +24 +21
Mechanical -
impurities, % - - - -
Water, % - - - - -

Comparisons of the rheological characteristics of oils before and after cavitation
treatment, taking into account the factors affecting oil (temperature and pressure) show a
decrease in the kinematic and dynamic viscosity, pour point of the mixture of oils after cavitation
treatment. At the same time, the influence of the rheological properties of oils is noticeably
manifested at temperatures close to the pour point, when the process of crystallization of
paraffins begins with the appearance of their viscoplastic properties. Repeated experiments
revealed a decrease in kinematic viscosity from 150 to 82 cSt at a temperature of 30°C and a
decrease in the freezing temperature by 5°C.

The study of the mechanism of action and the essence of the change in the rheology of
oils under the influence of cavitation gives grounds to believe that when oil moves in the
cavitation area, the structure of oils is destroyed under the influence of shock waves of liquid
bubbles, the collapse of which creates high pressures. Thus, the effects on the surface of high-
molecular compounds of paraffins, as well as on the structure of asphaltenes and resins, affect
the process of formation of crystallization centers of paraffins, liquefy the viscoplastic medium
and reduce the freezing point of oil. A significant change in the rheological properties of oils
under the influence of cavitation, as was previously noted, is observed at oil processing
temperatures close to the freezing point of oil. With an increase in the oil processing
temperature, a noticeable decrease in oil viscosity also occurs. It follows from this that a change
in the temperature regime of oil processing within the range from 25 to 40 ° C does not have a
significant effect on the development of the cavitation process [8]. Taking into account the
analysis of experimental data, optimal modes and parameters of cavitation development were
determined. At the same time, the analyzed characteristics of oils are improved. The kinematic
viscosity decreases to 40%, and the pour point decreases by 5 °C.

Tables 1, 2 show the results of a comparative analysis of the obtained experimental data.
Tables 1, 2 show the temperature dependences of the kinematic viscosity of the Karazhambas —
Kalamkas (35%), Zhetybai — Uzen (65%) oil mixtures before, after and 6 days after cavitation
treatment. Tables 1, 2 shows a significant decrease in kinematic viscosity at a temperature of
30 °C. The effect of viscosity reduction after 6 days decreases, the temperature dependences of
the kinematic viscosity of a mixture of 4 Kalamkas-Uzen-Karazhambas-Zhetybai oils. Tables 1,
2 show the temperature dependences of the kinematic viscosity of the original mixtures of 4 oils
after cavitation treatment. In tables 1, 2 show the viscosity change curves of the mixture of 4 oils
after cavitation, 8 days and 16 days after treatment, respectively. Tables 1, 2 show the
dependences of the kinematic viscosity of the mixtures of Uzen, Kalamkas, Zhetybai and
Karazhambas oils on temperature.

The results obtained for calculating the volume of oil mixtures from the Zhetybai, Uzen,
Kalamkas and Karazhanbas fields depending on the drain time are shown in Fig. 1.



As can be seen from Fig. 1 for the oil mixture of the Zhetybai-Uzen, Kalamkas-
Karazhanbas fields in the ratio of 65% and 35%, respectively, the draining time is practically
independent of the temperature change, and cavitation treatment plays a significant role. For
low-viscosity oil with simultaneous heating and draining from the tank, as shown in the figure,
the draining time changes slightly (Fig. 1), the difference is 3-4 minutes. This is apparently due
to the preservation of the mass of oil due to its property: a slow change in density with increasing
temperature. With an increase in oil viscosity, the draining time, with partial heating and
simultaneous draining compared to the draining time of initially completely heated oil, decreases
and the nature of the drain is linear.
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Figure 1 — Change in the estimated volume of oil mixtures from the Zhetybay, Uzen, Kalamkas,
and Karazhanbas fields in a tank depending on the draining time.
1 - initial oil mixture, the ratio of oils is: Zhetybay-Uzen - 65%, Karazhanbas-Kalamkas - 35%; 2
- the same oil after cavitation treatment, t = 10 minutes; 3 - the same oil after cavitation treat-
ment, t = 15 minutes. System temperature is 30°C

Also in the work [2] it is shown that the decrease in the volume of oil in the tank does not
reach zero over time, i.e. there is no complete draining or the tank needs to be washed. As is
known, the total time for draining oil from a railway tank is made up of: the time of heating (in
winter), the time of draining and the time of washing out the oil sediment. The authors of the
work [3] proposed electric induction heating for the simultaneous draining and heating of oil
from the tank. In this case, less time is required for heating, which leads to an increase in the
productivity of oil draining.

Conclusion

The results of laboratory experimental and thermal-hydraulic calculations of the use of
cavitation technology show the need to implement cavitation technology for pumping high-
freezing, high-viscosity oils. At the same time, the results of experimental studies and thermal-
hydraulic calculations indicate the following circumstances:

- when using cavitation technology, they are performed on the basis of the rheological
properties of the oil mixture obtained in laboratory conditions. In the conditions of industrial
operation of the oil pipeline, various situations arise caused by mixing low-freezing and high-
freezing oil in different proportions, instability in the hydraulic mode of operation of pumping
stations, fluctuations in productivity, pressure pulsations in the main oil pipeline, etc., which
must be taken into account when implementing cavitation technology. In this regard, the
implementation of cavitation technology requires large-scale pilot tests to take into account
various factors arising during the operation of the oil pipeline;

- undoubtedly, the use of cavitation technology is a promising direction in economic and
environmental terms. However, the application of cavitation technology in industrial conditions



poses the following tasks: 1) cavitation technology requires the processing of the oil mixture to
improve its rheological properties in an industrial unit, which leads to the manufacture of a
special unit with the necessary equipment and the use of a certain capacity; 2) depending on the
percentage of low-freezing and high-freezing oils in the composition of the oil mixture, the effect
of cavitation treatment may be different; 3) the improvement of the rheological properties of the
oil mixture during cavitation treatment remains unchanged for a certain period of time, after
which the process of restoring the rheological properties of the oil mixture begins. Therefore, in
order to implement cavitation technology, it is necessary to develop, on the basis of pilot tests,
technological regulations for the use of cavitation technology in industrial conditions, taking into
account a variety of production conditions; - it is possible that the use of cavitation technology
leads to some complication of the technology of pumping high-freezing oils due to the need to
maintain a stable ratio of volumetric contents of low-freezing and high-freezing oil mixtures in a
certain range, ensuring stable operation of the cavitation treatment unit, etc.
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NCCJIEJOBAHHME PEOJIOTMYECKUX CBOMCTB ITAPA®HUHO-
HE®TSAHOM CMECH

bycypmanoBa AxkkeH:ke UaHIapoBHa
Yuusepcuret Ecenoa, Axray, Kazaxcran

AHHOTanms. B sKkcnepuMeHTax Mo MCCIEIOBAaHHMIO BO3JCHCTBUS KaBUTALMM Ha HE(TH
OBLTN M3Yy4YCHBI PEOJIOTUYECKUE CBOWCTBA (TIOTHOCTDH, TMHAMUYECKHH KO3()(HUIIMEHT BI3KOCTH,
coctaB HeTH, Temmeparypa 3amMep3aHHs U HalpsOKCHHWE CIBHIa Ha CTEHKE) BBICOKOBS3KHX,
HU3K03aMep3arommx Hedreir ¢ mectopokaenuit Kamamkxac u  KapaxanOac, a Taroke
BBICOKO3aMep3alolInX napauHUCTBIX HepTeld ¢ MecropokaeHuid Y3enb u  JKerbiOail.
CootHouleHne He(TH B JaHHOM ciydyae cocraBiser: JKerbiOaii-Y3enb — 65%, KapaxanOac-
Kanamkac — 35%. 13 roroBoii cmecu HedTeit o6beMoM 10 TUTPOB B COOTBETCTBUU C METOIUKOM
orbopa mpo6 mo I'OCT 2517-85 otOupator npody Heptn oO6bemMom 0,5 nutpa s
MIEPBOHAYAIILHOTO aHaJM3a CMECH He(PTH MO M3MEPEHHBIM 3HAueHHUsM. 3aTeM TOTOBas CMECh
HedTH, HarpeTas 10 HE0OXOJMMOW TeMIepaTyphl, 3arpy’kaeTcs B MPUEMHBbIN 0aKk YyCTaHOBKH U
NEPEMEIINBACTCSI MUKCEPOM JO MOJy4YeHUs OJHOpoAHOHM cmecu. IlepemernanHas HedTsIHAsA
CMeCh MEepeKaunBaETCs ECTePeHYaThIM HaCOCOM U TOJAeTCsl B KaBUTALMOHHYIO YCTaHOBKY. B
3TOM cilydae TMOJBIKHBIA CTEp)KEHb peryiaupyeT jAaBieHHe HeTH Ha BXoje B KOH(Y30p U
U3MeHseT pexxuM KaBuTauuu. llocie mpoxokaeHuss HepTtu dvepe3d aud@dy30p ¢ MOMOIIBIO
CIELMANIBHOTO YCTpOiicTBa oTOMpaercs npoba macia s aHanuza. OOpaboTaHHOE Macyio CHOBa



MoJaeTcs B TPUEMHBIA pe3epByap, a 3aTeM HalpaBisieTcs Ha BTOPUYHYIO MEpepaboOTKy ¢
MOMOIIIBIO IIECTEPEHYATOT0 HAcOCa, ObIIIM OIPEIENCHbI IPEIEIbHOE HANIPSDKEHNE CIBUTA HEPTU
0 W TOCNie KaBUTAIlMM TIPU Pa3IMUYHbIX TEMIepaTypax. bBbIJIO YCTaHOBJIEHO, YTO TMpH
temneparypax Hiwke 30°C u Bbimie HEPTH NPEACTABISIIOT COOOM HBIOTOHOBCKHE >KHUIKOCTH.
[IceBmomuiacTHUHBIC JKUIAKOCTH 00JaNAIOT PEOJOTMUECKUMH XapaKTEPUCTUKAaMHU, KOTOpBIE HE
3aBHCAT OT BPEMEHH, U JIJIsl TAKUX KHUIKOCTEH IPEIe TEKYUYECTH HE ONPEIeIIIeTCS.

KioueBble cjioBa: KaBUTAIMS;, PEOJIOTUMECKHWE CBOWCTBA; MACISHBIA COCTaB; BpeMs
CIIUBA.

MAPA®UH-MYHAN KOCITACBIHBIH PEOJIOT USIBIK KACUETTEPIH
3EPTTEY

BbycypmanoBa AKkeH:ke UaHIIAPKbI3bI
EcenoB yauBepcuteti, Akray, Kazakcran

AnHoranus. KaButanusHpelH MyHaiiFa ocepiH 3epTTey skcnepuMmeHTTepinae Kamamkac
xkoHe KapakanOac KeH OpBIHIAPBIHAH JKOFapbl TYTKBIP, TOMEH TeMIlepaTypajga KaTaThIH
MyHaWIapabIH, COHMal-aKk O3eH xoHe JKerTibail KeH OpBIHIAPBIHAH >KOFAphl TeMIeparypana
KAaTaThIH TMapauHII MYHAWIapJbIH PEOJIOTHSIIBIK KAacHeTTepi (THIFBI3MBIFEI, TYTKBIPJIBIKTHIH
JUHAMHKAIBIK K03 QUIIMEeHT], MyHAWIbIH KypaMbl, KaTy TeMIepaTypachl >KoHE KaObIpra/iarbl
cHIbICy KepHeyi) 3eprrenii. by xarnaiia MyHaiIbIH apakaTeiHachL: JXKeTibait-O3eH — 65% xoHe
Kapaxanbac-Karamkac — 35% kypanbl. MeMCT 2517-85 GoiibiHIa ChIHaMa ay oicTeMeciHe
coiikec kesiemi 10 UTp MyHaWIBIH JalblH KOCHACHIHAH OJIIICHIeH MOHJAEp OOWBIHINA MYHAW
KOCITachlH OacTamkpl Tangay ymiiH kejemi 0,5 mutp myHail ceiHamachiH anaabl. ComaH KeWiH
KOKETT1 TeMmreparypara JeHiH KbI3ABIPbUIFAaH MYHAWIBIH JalblH KOCHAChl KOHIBIPFBIHBIH
KaObu1Iay IHMCTEpHAChIHA CaJBIHBIN, OIPTEKTI KOCMAHBl aJfaHFa JEWiH apaaCThIPFBIIINCH
apayacTeIpblIaabl. Apanac MyHal KOCHAachl OEpiuIic COPFBIMEH aijayiajibl KOHE KABUTAIIMSUIBIK
KOHJBIPFbIFa Oepineni. byn skarmaiiga >KpUDKBIMAIIBI IITaHra KOH(Y30pABIH KipeOepiciHaeri
MyHail KbICBIMBIH PETTEHAl JKOHE KaBUTAIUs pPEXKUMIH e3repTeal. MyHnail mauddy3opnan
OTKEHHEH KeWIH apHaibl KYPBUIFBIHBIH KOMETiMEH Tajjay YIIiH Mail ChlHaMachl ajIbIHAJIbI.
OnnenreH Mail KalTajgaH KaObLIAay pe3epByapbiHa >kiOepiiel, colaH KeliH Oepilic COPFBICHI
apKBUIBI KaliTa eHJeyre kibepiaedi, op TypJi TeMreparypaja KaBUTAIUsFa JCHIH KoHE OJlaH
KEWIH MYHaWJIbIH CIBICYBIHBIH IIEKT1 KepHeyl aHbIKTaabl. 30°C-TaH TOMEH jXKoHE OJIaH >KOFaphl
TeMreparypajia MyHaibiH Hbl0TOH CYHBIKTBIKTAphl €KeHIIr aHbIKTaIAbl. [IceBaomIacTuKambIK
CYMBIKTBIKTAp YaKbITKa TOyelJl €MeC pEeOJIOTHSIIBIK CHUIaTTaMajlapFa He JKOHE MYHJal
CYMBIKTBIKTAp YIIIH aKKBIIITHIK IIET1 aHBIKTAIMAMIbI.

Tyiiin ce3aep: KaBUTALUS; PEOTOTHSIIBIK KACUETTEP1; Mail KypaMbl; TOTY YaKbITHI.
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