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Oil emulsions are a component of oil raw material extraction and refining processes. The
presence of dispersed water, mineral salts and solid phase particles, as well as asphalt-resin and
paraffin substances dissolved in it, significantly changes the physical properties and structure of the
oil emulsion. As a rule, oil emulsion separation is carried out in two stages. First, large drops are
quickly deposited (surfaced) and undergo coalescence. Very small drops remain in the form of
"fog" and are deposited for a long time by forming an intermediate layer in the apparatus. The rate
of stratification in most cases determines the productivity of the extraction process.

The emulsion formed when oil is mixed with reservoir water should be considered as a mec-
hanical mixture of two insoluble liquids (oil and water). At this time, one of the liquids is distributed
in the form of drops of different sizes in the volume of the other.

Due to the presence of water in the oil, the increase in the volume and viscosity of the trans-
ported liquid, the transportation cost becomes more expensive. Water solutions containing mineral
salts cause wear and tear of oil-transporting devices and oil-refining equipment. The presence of
even 0.1% water in the oil causes intense foaming of the oil in the rectification cylinders of oil refi-
neries, which causes a violation of the processing regime and, in addition, contamination of con-
densation devices.
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INTRODUCTION

Oil freed from gases are kept in special tanks for a certain period of time to separate it from
mechanical mixtures [1-3]. Under these conditions, those mixtures sink to the bottom of the tanks and
are separated from the oil. At this time, most of the water in the crude oil gradually separates by itself.
However, oil often contains a certain amount of small microscopic water droplets, which are difficult
to separate. When water and oil are in the form of an emulsion, they are relatively difficult to separate.
Water remains suspended inside the oil in the form of small droplets. In this work, we have analyzed
the effect of the turbulent diffusion coefficient of these droplets on oil deposition [4-6].

In practice, centrifugal forces are used to intensify phase separation, and various structures
and fillings placed in precipitators are applied. In some cases, the electric field of the high-voltage
direct current created inside the device also enables stratification [7]. The structure of the pulsating
interlayer is determined by the density and size of the droplets, which obey the dynamic equilibrium
conditions and ensure the continuity of precipitation, as well as the velocity of the main flow [8-11].

According to its structure, the intermediate layer formed in precipitation devices is
compressed, expanded, stratified according to its size and height, densified, moved, etc. It is
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analogous to the "hot layer" of drops with its properties. Let us assume the following conditions to
describe the motion of the droplets [12]:

a) drops are only spherical and this is determined by the small value of the Weber number:
W, < 1, W=p, Ula/oy,;

b) the washing of drops in the intermediate layer has a viscous character and is obtained from
the condition of a small value of the Reynolds number:

AlUa
Re, = — < 1L(AU=|U-1,]), (1)

Here U - flow rate, V, - velocity of drops in turbulent flow, a- the size of the drop, vy, -

kinematic viscosity of the medium.
c) There are no electrostatic, thermo- and diffusiophoretic and non-hydrodynamic effects in
the flow. Droplet transfer by efficient diffusion and deposition is an exception. In this case,

P fga

deposition effects for Stokes drops 7. == '“_, for large size drops 7, =
1+Rey ' EI.I'E_J
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expressed. Here, p is the density of the drops, n,, is the dynamic viscosity of the medium, .. is the

relaxation time of the drop, and a is the size of the drop[13, 14].

It should be noted that the turbulent diffusion coefficient plays an important role in the
processes of droplet coalescence and destruction in isotropic turbulent flow, and its value is
determined according to (2.) for the range of different values of the turbulent pulsation scale A.

Aho, D = ap(gpd) Y32 (2)
A<, Dy = ay(exh) /2 A2

MATERIAL AND METHODS

The movement of suspended particles in a turbulent flow of a liquid differs in complexity and
intensity in all directions compared to laminar flows. In dispersed systems, small-sized particles
will be completely involved in turbulent pulsations and will move along complex trajectories in
fluids. With the increase in the size of the particles, they will lag behind the fluid movement, and in
this case, the turbulent pulsation of the particles will decrease. It should be noted that the turbulent
diffusion coefficient for large particles in a turbulent flow will be determined not only by the flow
speed, but also by the precipitation speed of the particles. The turbulent diffusion coefficient of
particles during the turbulent flow of dispersed systems is calculated as follows [15].

D,z % p*D,, where D is the turbulent diffusion coefficient of particles, D is the turbulent

diffusion coefficient of the liquid, &* is the degree of attraction of particles by the pulsating

medium, which depends on the size of the particles. In a broader sense, empirical formulas were
proposed for determining the diffusion coefficients of particles depending on the dynamic speed of
the flow, settling speed, etc.

3 1
1+w’td

©)

Here - turbulent pulsation frequency, t5- is the relaxation time of the particles. The value of
u varies between 0 = u =< 1. For small-sized particles, the value of u is zero, and for large-sized
particles, i approaches unity.

For the degree of attraction of finely dispersed particles

H
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p=—""-757(4)
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RESULTS AND DISCUSSION
To estimate the turbulent diffusion coefficient in turbulent flow, a number of empirical
dependences for vertical and horizontal channels can be obtained using various experimental
studies, e.g.

1."
Drg . - ﬁ 4
/p, =K’ =0023¥ (UD)(%] (5)
Vea
Red = 5_ E g
v
Here Vi - droplet settling velocity, ¥ (Up) =1 +0,786-107°U; | U, =§U~; - dynamic
=y

flow rate, U, - is the mean velocity of the turbulent flow. If Re; = 5, then we get the following
expression

Dm = & = ﬁ /a
/p, = #* = 0054 (VS] (6)

From these equations, it can be seen that the turbulent diffusion coefficient of particles when
flowing through vertical channels is directly proportional to the dynamic speed of the flow and
inversely proportional to the precipitation speed of the particles. The following table 1 shows the
comparison of the calculated and experimental values of the turbulent diffusion coefficient of
particles.

Table 1.
Turbulent diffusion coefficient of particles during liquid flow in a vertical channel [16]

Us, Ug, a, V_r.' , DI‘: DI-RJ DI‘R}{ !.:3 Red
m/sec | sm/sec | mkm | sm/sec | sm?/ sm?/ Dy
sec sec
1,55 9,0 80 17 6,3 0,370 0,059 0,059 <5
3,44 18,0 80 17 12,6 1,35 0,107 0,107 <5
7,60 36,0 80 17 25,2 10,1 0,400 0,386 <5
1,55 9,0 150 50 6,3 0,26 0,042 0,045 -
3,44 18,0 150 50 12,6 1,05 0,083 0,082 _
7,60 36,0 150 50 25,2 6,20 0,246 0,295 .
1,55 9,0 200 69 6,3 0,20 0,032 0,032 N
3,44 18,0 200 69 12,6 0,44 0,035 0,038 >3
7,60 36,0 200 69 25,2 1,22 0,048 0,046 =3
=5

flow.

For horizontal ducts, the following corrections for the turbulent diffusion coefficient were
obtained using experimental evidence of the movement of solid particles and oil droplets in the air
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l."
Drg _ 2 _ Vey /4
=2 = k(%) (35) T Rea < 2(8)

Here k(V;) is a parameter whose value is k(Vs) = —li As can be seen from the expression, in
Vs

contrast to vertical channels, the turbulent diffusion coefficient in horizontal channels is directly
proportional to the settling velocity and inversely proportional to the dynamic velocity. Thus, the
diffusion coefficient for both horizontal and vertical channels depends on the settling velocity, and
this dependence increases as the particle size increases. The dependence of the turbulent diffusion
coefficient of particles on the precipitation rate shows the influence of the particle mass on the
diffusion coefficient. If the increase in the mass of particles in vertical channels mainly causes the
particle to lag behind the speed of the main medium, then the increase in the mass of particles in
horizontal channels directly affects their diffusion coefficient. The following table 3 show the
comparison of the calculation and experimental values of the turbulent diffusion coefficient (Figure

1) in horizontal channels.
Table 2.
Experimental evidence and calculated values of the turbulent diffusion coefficient of solid particles

in air (a=100-200 mm, Red>2.5) in a square channel with a cross section of 76x76mm [17]

Us, Upb, Vs, D, Dz, DTR’}DT u
m/san sm/san sm/san sm?/san sm?/san
7,6 40,7 41 23,5 0,9 0,038 0,038
16,7 81,0 41 63,7 1,5 0,024 0,023
25,9 119,0 41 103,0 1,8 0,017 0,017
7,6 40,7 104 23,5 1,36 0,056 0,048

Based on the indicators shown in Table 2, the dependence between the calculated values of

the turbulent diffusion coefficient and the experimental indicators was obtained:

0,06
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a | 2
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\O\ / O picalculated values

Fig. 1. Calculated and experimental values of the turbulent diffusion coefficient
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Table 3.

Experimental evidence and calculated values of the turbulent diffusion coefficient for oil drops
(a=45um, Red>2.5) in a horizontal pipe (D=152mm, Vs= 3.5cm/sec) [18]

Us, Up, D, D DI‘R,}D ,u:
m/sec sm/sec sm?/sec sm?/sec T

58 241 358 229 0,640 0,641
87,2 344 511 298 0,583 0,585
122 461 686 386 0,563 0,545
148 546 812 460 0,566 0,522

Despite the fact that dispersed systems (emulsions, suspensions) are characterized by polydis-
persity of particles, the sizes of which vary mainly in the wide range of 1-200 pm, there are larger
colloidal particles in the flow [19]. In general, the state of dispersed flow, which determines the
structure of the dispersion spectrum, its aggregative resistance to size change and precipitation re-
sistance to precipitation, is characterized by the minimum and maximum particle sizes. It should be
noted that the processes occurring in dispersed systems are accompanied not only by collisions and
the enlargement of colliding drops, but also by the opposite phenomena - fragmentation, which is
the division of particles in a mixed effect or the ability to maintain a continuous state, as well as
spontaneously or their external accompanied by disintegration under any impact on the surface.
Thus, in dispersed systems, there is such a size of the drop, amax, that the drop is unstable, defor-
med and quickly disintegrated at sizes higher than this; and the minimum amino size indicates the
lowest droplet durability limit, or rather, drops that have reached this size under certain flow condi-
tions cannot be crushed any more. The maximum size of the particles characterizes the discontinu-
ity of the droplets, and this dispersed environment depends on the hydrodynamic conditions of the
flow, so that the turbulent flow is accompanied by a tendency to break up and break up individual
drops under certain conditions.

CONCLUSION

Expressions for the turbulent diffusion coefficient are given using experimental studies to
explain the movement of solid particles and oil droplets in vertical and horizontal channels. As can
be seen from the expressions, in contrast to vertical channels, the turbulent diffusion coefficient in
horizontal channels is directly proportional to the settling velocity and inversely proportional to the
dynamic velocity. Thus, the diffusion coefficient for both horizontal and vertical channels depends
on the settling velocity, and this dependence increases as the particle size increases. The
dependence of the turbulent diffusion coefficient of particles on the precipitation rate shows the
influence of the particle mass on the diffusion coefficient. If the increase in the mass of particles in
vertical channels mainly causes the particle to lag behind the speed of the main medium, then the
increase in the mass of particles in horizontal channels directly affects their diffusion coefficient.

ACKNOWLEDGEMENTS

The authors are grateful to prof. G.l. Kelbaliev and associated M.R.Manafov (M.Nagiyev
Institute of Catalysis and Inorganic Chemistry) for censorious remarks.

JOURNAL OF YOUNG RESEARCHER, 2023, Ne 3, ISSN 2409-4838 17



PHYSICS-MATHEMATICS AND TECHNICAL SCIENCES &>

REFERENCES

1. Kelbaliev, G.1. Osobennosti zhidkofaznogo jekstrakcionnogo processa i ih ispol‘’zovanie dlja
razrabotki tehnologii ochistki stochnyh vod / G.1.Kelbaliev, G.Z.Sulejmanov, F.I.Shekiliev [et al.] /
Azerbaijan Chemical Jurnal, —2017. Ne3, — p-45-54.

2. Kelbaliyev, G.I. “Transport Phenomena in Dispersed Media”/ G.l.Kelbaliyev, L.B.Tagiyev,
S.R.Rasulov — Taylor and Francis Group, CRC Press Boca Raton-London-New York, —2019. — 434 p.
3. Yuri, A\W. Shardt Statictics for Chemical and Process egineers / Springer International
Publishing, — 2018. — p. 414.

4. Xinyuan, Li. Asphaltene Inhibition and Flow Improvement of Crude Oil with a High Content of
Asphaltene and Wax by Polymers Bearing Ultra-Long Side Chain / Xinyuan Li, Shu Lu, Meifei Niu
—2021. —p. 8243.

5. Tian, Liang. Molecular Simulation of Resin and the Calculation of Molecular Bond Energy /
Liang Tian, Zhao-Wen Zhan, Yan-Rong Zou // ACS Omega, — 2021, 6 (42), — p. 28254-28262.

6. Y.Sun. Experimental study on the falling and coalescence characteristics of droplets under
alternating electric fields / Sun, Y., Yang, D., Sun, H // Colloids and Surfaces A: Physicochemical
and Engineering Aspects, — 2020. — p. 125-136.

7. Silva, C.A. Impact of Crude Oil Emulsion on Pipeline Corrosion / C.A. Silva, D.N. Filho, M.A.
Zanin // Journal of Petrochemical Engineering, — 2021. — p. 11-19.

8. Qingzhi, Lai Multiband directional reflectance properties of oil-in-water emulsion: application
for identification of oil spill types / Lai Qingzhi, Yinmo Xie, Chengan Wang [et al.] // Optica
Publishing Group, — 2021, 23 (60), — p .6902-69009.

9. Patel, H. Treatment of textile waster water by adsorption and coagulation / H.Patel, P.Vashi //
Journal of Chemistry, — 2010, 7 (4), — p. 1483-1487.

10. Parimal, P. Industrial Water Treatment Process Technology / P.Parimal. Elsevier Science, —
2017. - 614 p.

11. Nico, L. Oil Droplet Coalescence in W/O/W Double Emulsions Examined in Models from
Micrometer-to Millimeter-Sized Droplets / Leister Nico, Chenhui Yan [et al.] // Karbstein Colloids
Interfaces, — 2022, 6 (12), — p. 1-17.

12. Mhunir, B. Investigation of Periodic Structures in Gas-Liquid Flow // The University of
Nottingham School of Chemical & Environmental Engineering, — 2010. — 225 p.

13. Mazouzi, Ridha. Experimental Study of the Rheological Behaviour of Water-in-crude Oil
Emulsions Recueil de Mecanique / Ridha.Mazouzi. — 2021. — 9 p.

14. Manafov, M.R. Analysis of the current state of researches of the deposition of asphalt-resinous
substances, paraffin, and modeling methods / M.R. Manafov, G.S. Aliyev [et al.] // Azerbaijan
Chemical Journal, —2021. Ne 2, — p. 13-23.

15. Ismail, T. Fundamental mass transfer concepts in engineering applications / T.Ismail. — CRC
press, — 2019. — p. 434.

16. Isah, M. Impact of asphaltene precipitation and deposition on wettability and permeability /
M.lsah, M.Mahmoud [et al.] // ACS Omega, — 2021. — p. 432-444.

17. Manafov, M.R. Study of the effect of asphaltene-resinous compounds on the separation of oil
emulsions / M.R.Manafov, F.R.Shikhieva [et al.] // Azerbaijan Chemical Journal, — 2022. Ne2, — p.
18-27.

18. Manafov, M.R. Analysis of deposition models of asphaltene-resin-paraffin deposits in vertical
transport pipes / M.R.Manafov, G.l.Kelbaliev [et al.] // Journal Of Azerbaijan Oil Industry, — 2021.
Nel2, —p. 33-37.

19. Shikhieva, F.R. "Modeling of heavy component deposition of oil in horizontal and vertical
pipes"” // Scientific works, —2021. Nel, — p. 142-148.

18 JOURNAL OF YOUNG RESEARCHER, 2023, Ne 3, ISSN 2409-4838



V.l.Karimli et al.

G

NEFTDO SU DAMLALARININ COKMO SUROTININ TURBULENT DiFFUZiYA
OMSALINDAN ASILILIGI VO FiZiKi PROSESLORIN MODELLOSDIRILMOSI

V.i. Korimli, F.R. Sixiyeva

Neft emulsiyalar1 neft xammalinin ¢ixarilmasi vo emali proseslorinin torkib hissasidir. Torki-
bindo dispers su, mineral duzlar vo bork faza hissociklori, eloco do orada hoall olunan asfalt-qotranli
vo parafin maddolorinin olmasi, neft emulsiyasinin fiziki xassalorini vo strukturunu shomiyyatli do-
rocodo doyisir. Neft emulsiyanin ayrilmasi bir qayda olaraq iki moarholodo hoyata kegirilir. ©vvalco
iri damlalar tez ¢okdiiriiliir (iizo ¢ixir) va koalessensiyaya moruz qalir. Cox kicik damlalar “duman”
soklindo qalir vo aparatda araliq tobago omolo gotirmoklo uzun miiddot ¢okdiiriiliir. Tobagolonmao
slirati oksor hallarda ekstraksiya prosesinin mohsuldarligini miioyyon edir.

Neft lay sulari ilo qarigigini ¢ixaran zaman yaranan emulsiya iki bir-birinds hall olmayan ma-
yenin (neft vo su) mexaniki qarisigi kimi baxilmalidir. Bu zaman mayelordon biri digarinin digari-
nin hacmindo miixtalif 6l¢iilii damlalar soklinds paylanilir.

Neftin torkibinds suyun olmasi, naql olunan mayenin hacminin vo 6zliiliiyiiniin artmasi sabo-
bindon noql posesi bahalasir. Torkibindo mineral duzlarin oldugu su mohlullari, nefti nogl edon
qurglarin vo neft emali avadanliglarinin aginmasina, tez sirada ¢ixmaina sobab olur. Neftin torkibin-
do hatta 0,1 % suyun olmasi, neft emali zavodlarinin rektifikasiya kalonlarinda, neftin intensiv ko-
puklonmasing sabob olur ki, bu da emal rejiminin pozulmasina vo slava olaraq kondensasiya cihaz-
larinin ¢irklonmasina sabab olur.

Acar sozlor: neft damlalari, koalessensiya, damlalarin par¢alanmasi, turbulent diffuziya am-
sali, turbulent axin

3ABUCUMOCTH CKOPOCTH OCEJAHUSI KAIEJb BOJIbI OT KOD®®UIIUEHTA
TYPBYJEHTHOM JA®®Y3NHA B HEOGTH U MOJAEJINPOBAHUE ®U3NYECKUX
MPOLIECCOB

B.U. Kepumau, @.P. [lluxuesa

HedtsHble 3MyIbCHH SBISIOTCS COCTABHOM YacThIO MPOIECCOB MOOBIYM U TEpepadOTKH
HEPTSIHOTO ChIphs. Hannure nucneprupoBaHHON BOJIbI, MUHEPATBHBIX COJIEH M YaCTHIIl TBEpAOH (asbl,
a TaK)Ke paCTBOPEHHBIX B HEM achabTOCMOJIMCTHIX U Tapa()MHOBBIX BEIIECTB CYIIECTBEHHO U3MEHSIET
dbuznyeckue CBOICTBA M CTPYKTYpy HepTsSHOU sMynbcuu. Kak mpaBuio, pasaeneHue MaciastHOU
SMYJIBCHH TIPOBOIAT B JIBE CTaIUH. BO-TIepBBIX, KPYITHBIEC KA OBICTPO OCAXKIAFOTCS (BCIUTBIBAIOT) U
MOABEPrarTCs CIUSHUIO. OUeHb MEJIKHUE KaIlIM OCTAIOTCS B BHJIE «TyMaHa» U JUTUTEIbHOE BpEeMs
ocearoT, 00pasys B armapare IpoMeKyTOUHBIHN ci1oi. CKOPOCTh PacCcIOCHHS B OOJIBIIIMHCTBE CITydacB
onpeeNnsieT MPOU3BOIUTENBHOCTh IKCTPAKIIMOHHOTO IIpoLiecca.

DMyIBCHUIO, 00Pa3yIOIIYIOCS MPU CMENIEHUH HEe()TH C TUTACTOBOM BOJION, CIIEAYET pacCMaTPUBATh
KaK MEXaHUYECKYIO0 CMECh JBYX HEpaCTBOPUMBIX kuUaAKocTel (HedTH 1 Boabl). B 3T0 Bpems onHa u3
KUJIKOCTEH pacripeniensieTcs B BUJE Kareb pa3Horo pa3mMepa B 00beMe Ipyroi.

W3-3a Hanuuus BOJIbI B Maclie, yBelIWYeHHsI 00beMa U BSI3KOCTH TPAHCTIOPTHPYEMOH JKUIKOCTH
CTOMMOCTb TPAHCIIOPTHPOBKH y0poxkaeTcs. BoHbIE pacTBOPHI, COJEpKAIINE MUHEPATHHBIE COJIH,
BBI3BIBAIOT M3HOC HE(TETPaHCIOPTUPYIOIIUX YCTPOWCTB M HedTemnepepadaThi-BaoIEero 060py-
noBanusa. Hammume maxe 0,1 % Boabl B Macje BBI3BIBAET WHTCHCHMBHOE BCIICHMBAaHWE Maciia B
PEeKTU(DUKAIMOHHBIX IIIUHApPaX HedTernepepadaThIBalONINX 3aBOIOB, YTO BBHI3BIBAECT HAPYIICHHE
pexkuma 06paboTKU U, KPOME TOT'0, 3arpsi3HEHNE KOHICHCAIIMOHHBIX YCTPOMCTB.

KuaroueBble cioBa: xanau Hegpmu, Koanecyenyus, paspyuieHue kaneivb, KoOIPhuyueHm
mypoyreHmuou ough@ysuu, mypoyieHmnoe meyeHue
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