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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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HYDRODYNAMIC FEATURES
OF SUSPENSIONS AND EMULSIONS FLOWS.

Abstract. This scientific article is devoted to the problems associated with the flow of suspensions and
emulsions and some simplifications of the real picture of the flow of a polydisperse medium are made. It is also
stipulated that differential equations characterizing the motion of suspensions and emulsions should take into account
the fundamental discontinuity of the medium and the physicochemical processes of heat and mass transfer occurring
in it. Taking into account all these factors, a general equation for multiphase systems is proposed with certain
simplifications that do not change.

The behavior of particles in two-phase systems, their concentration, collision and coagulation are considered. As
a result, it was concluded that there is a multifactorial interaction and mutual influence of both phases in a dispersed
flow. A differential equation of motion of a single i-th spherical particle in suspension was proposed, and an equation
describing the drag force of a solid spherical particles. Equations of conservation of mass and momentum are
presented for one-dimensional laminar motion of two incompressible phases in a gravity field with the same pressure
in the phases.

Having studied the parameters of the flow of fine particles in a turbulent gas flow, some assumptions were
made. It was found that the pulsating motion of particles, performed by them during one period of gas pulsations, can
be represented as a change in the pulsating gas velocity in time. The parameter of entrainment of particles by a
pulsating medium is an important characteristic in determining the transport coefficients in a turbulent flow.

It is concluded that the presence of various kinds of particles in the liquid complicates the problem of solving
hydromechanical problems in turbulent and laminar flow, and the assumptions given in the work facilitate the study
of this problem.

Key words: hydrodynamics, differential equation, suspensions, emulsions, dispersed phase, solid spherical
particle, turbulent flow, pulsating motion.

In order for theoretical solution the problem of suspensions and emulsions flows, some simpli-
fications of the real picture of the flow of a polydisperse medium with the presence different types
particles and sizes were carried out, on the grounds that to study this problem it is necessary to combine
hydromechanics, statistical mechanics, mechanics of continuous media, thermodynamics of irreversible
processes, etc. [1-8] In addition, the systems of differential equations describing the general cases of
motion of suspensions and emulsions must take into account the fundamental discontinuity of the medium
and the physicochemical processes of heat and mass transfer occurring in it. In [2], the general equations
of motion of multiphase systems, the equation of continuity and energy with a certain simplification of the
flow scheme for that phase were proposed:
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p® — partial static pressure of the component k, 77, —viscosity of the liquid phase in the mixture,

- oU, ou
Mo =6 — % 1n,,¢, —second viscosity, A(j.‘l.) = £+ / _shear strain rate, O ==& _

ox,  ox X,
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elongation strain rate, 8;;-thickness of deposits, W’ — formation rate of component k per unit volume,

p() —is the concentration of the k - th phase, the x; — j —th axis of the coordinate system, f ") _ the
time constant of the process of exchange of momentum between the set of particles k and p, U j(.k) —which

are the velocities of that particle in the direction. Fi(k) — i-th the component of the external force acting
on a unit mass of the liquid and defined as:

1 d 9
k) _ 2 Pc & Y, 2  Pc
= g (Ve ) g

\/;f Ui(k))] (t - r)'l/zdr

where p(9- is the density of the k-th phase, - is the considered moment of time, p. and p, is the density

of the medium and the particle, a-is the particle diameter, T — is the shear stress.

The significant assumptions and simplifications made do not change the formal and complex nature
of equation (1). In order to simplify these equations, you can use them for two-phase systems, in which
many phenomena can be neglected. The processes of collision, coagulation and fragmentation play an
important role here. It should be noted that with an increase in the concentration of particles, suspensions
and emulsions belong to viscoplastic fluids and obey the laws of flow of non-Newtonian fluids [9-14].
This is determined by the value of the viscosity, which is due to the transverse shear and the interaction of
particles and the carrier phase. As a result, we conclude that a complex multifactorial interaction and
mutual influence of both phases, significantly changing the intensity of interphase exchange, is possible in
a dispersed flow.

The movement of particles of the same type and size in a turbulent flow is the simplest case of the
movement of a turbulent mixture formed by the carrier and dispersed phases. Proceeding from this,
equation (1) is the differential equation of motion of a single spherical particle in a turbulized medium,
considered by Basset, Boussinesq and Oseen, and is represented in the form [15,16]

T o, dug T dVv;

e % Pa— = 3mca(V; —ug;) — ga?’(pd —Pc) a
11 3 (dVl dudi>
264 P\ ar dt

3 L/dtl i Yt
+>a Mfto—_dt +F, (2)

whereV; and u,— is the velocity of the medium and the particle, respectively, considered in the i -th

1
direction, F),-is the external force. On the right side of the equation, the first term is represented by the

force of resistance to the motion of the particle, the second term characterizes the pressure gradient in the
liquid that surrounds the solid particle, the third term shows the force accelerating the particles relative to
the liquid. The fourth term takes into account the possibility of flow deviation from the steady state
(Basset force). The terms containing the pressure gradient attached to the mass and the Basset force are
significant if the density of the fluid is of the same order of magnitude or greater than the density of the
solid particle.

Under the condition p, << p,, equation (2) is greatly simplified. This condition characterizes the

flow of gas and liquid suspensions (for example, aerosols) and does not apply to the flow of emulsions
(liquid-liquid systems), etc. Large sizes of a single drop or a single bubble during flow in a flow cause

— 100 ——
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deformations and deviations from a spherical shape, this makes the movement non-uniform or creates
non-uniform distribution of surface (capillary) forces. With the loss of the spherical shape of particles, the
picture of their hydrodynamic flow around them, the drag coefficient, which affects the coefficient of
mass and heat transfer, changes [17-20].

Let us determine the drag force for a spherical solid particle in suspension, if the law of its velocity
variation with time is given V = V(t). The drag force of a solid spherical particle can be determined from

the expression
FT:27Z'pCa3 ld_V+3V2C V+i V_CJ'd_V drt (3)
3 dt a a V T dt \/:

where v, — is the kinematic viscosity of the medium
If the particle moves uniformly according to the law} = a ¢, — where is the acceleration of the
particle, then from the above equation we obtain

F,=2np a’a {§+ i H—é Lt}

a2 a T

With uniform motion of a particle with velocity ¥, we have the expression

F.=6mpyv. aV,| 1+
v, t

c

which, at # — o0, approaches the value determined by Stokes' law
by =6mp,v. al,

With one-dimensional laminar motion of two incompressible phases in a gravity field with the same
pressure in the phases and monodisperse composition, the particle of equilibrium of motion can be
represented in the following form:

a) mass conservation equation

PP + 9P.PY, -0

ot ox
r.(1-9) p.(1-0)U. _,
ot ox
b) the momentum conservation equation
(aud LU aUd) _ aP
PaP at 155 )~ (Pax PaPy
1 (E)UC ‘U aUC) I apr 1
Pl =)+ Ve ) =~ -@)7-—p(1-@)g

where U; and U,- are the velocity of movement of particles and the flow medium, respectively, ¢ — the

phase shift angle of the particle motion in the medium, determined by the inertness of the particles, due to
which the particle is involved in the movement of the medium with some delay, g -is the acceleration of
gravity.

In the above equations, the true density of the material of the phases can change during movement
due to changes in the compositions during phase transformations, which should be taken into account in
the equations. The momentum conservation equation for steady-state uniform particle deposition has the
form

— 10l =—
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Adding these equations taking into account the relation p = p, @+ p, (1 - (0) ,

apP
ax _ P®Y
Having studied the flow parameters of fine particles in a turbulent gas flow, the following

assumptions were made: a) the particle size is small in comparison with the scale of turbulent pulsations
(a < 20mxm )and therefore each particle moves, remaining within the initial pulsating mole; b) the
particles are spherical in shape and monodisperse; c) the hydrodynamic resistance of particles to the
movement of a gaseous medium is described in the first approximation by Stokes' law; d) the
concentration of particles in the flow is low and they do not impede the movement of each other, do not
collide and do not coagulate. The pulsating motion of particles, performed by them during one period of
gas pulsations, can be represented as a change in the pulsating gas velocity in time. Having considered the
motion of a particle under the influence of the velocity of the medium, only in the longitudinal direction in
the form of a monoharmonic function [15] we can write

u=u+U'sinw,t

where @, — is the Lagrange frequency of the pulsations, u — the average value of the pulsation velocity,

U’ — and the maximum amplitude of the pulsations
Then equation (2), for the Reynolds number Re, <1 and the mass of substancesm, = gﬂ'cf Py
will be represented in the form [21]

dug

— Taug = a(u + U' sin wt) 4

The solution to this equation, under the initial conditions ¢ = 0,4, = 0, will be represented in the

form

Ug=1u (1 — exp (— t/’l,'p)) + H%UOETpﬁ exp (— t/Tp) +
+u, U’ sin(wgt — @) )
_ 1 p, e

where 7, - is the relaxation time of particles, for Stokes particles, 7, 18_
.

2

u, = /(1 . )1 ,» — the degree of entrainment of particles by a pulsating medium. The parameter of
ETd

entrainment of particles by a pulsating medium is an important characteristic in determining the transport
coefficients in a turbulent flow.

Conclusions. In conclusion, it should be noted that the presence of particles of various kinds in the
liquid complicates the problem solving of hydromechanics in turbulent and laminar flow. For this purpose,
the paper contains assumptions that facilitate the study of this problem. A formula for determining the
resistance force of a solid spherical fluid particle surrounding it is proposed.

— 102 ——
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C.P. Pacyaos, I'.P. Mycradaena
O3ipOaihkaH MEMJICKETTIK MYHail ’KoHE OHepKICill yHUBEepCHTETI, baky, O3ipbaikan
CYCHEH3UsI MEH SMYJIbCUSIJIAP AFBIHBIHBIH T'HIPOAUHAMMUKAJIBIK EPEKIIEJIKTEPI

AHHOTAMsA. By FEUIBIME MaKaJiaja MOJUAUCIICPCTI OPTa aFbIHBIHBIH HAKTHI KOPIHICIH KEHUIICTY KYPIi3ilireH
JKOHE CYCIIEH3Hs MEH dMYJIbCHsIap arbIHBIMEH OailylaHBICThI Macesesepre apHanran. Conpaii-ak, cycreH3usiap MeH
OMYJILCHUSIIAPIbIH KO3FaIBICHIHIAFBI KbUTY )KOHE Macca TachIMaliay IblH (PU3UKa-XUMHSJIBIK ITPOLECCTEpPi, OPTaHbIH
TYOereiii y3UIiCTIriH CUIaTTaiThIH TudQepeHIralIbK TeHAeYyIepae eckepiiin Kapacteipburad. Ochl hakTopiap-
JIbIH, OapIbIFBIH €CKepe OTBIPBIN, TeHJACYAIH (OpMaIIbl KOHE KYPJelli CHIIAThIH e3repTreiiTin Oenrini Oip oHaiina-
TBUIFaH KOIl Ke3eH/ 11 JYHeep/IiH JKalbl TeHJIeYl YChIHbUIa/IbI.

Exi ¢azansr xylenepmueri OemmeKkTepIiH opeKeTi, ONapIblH KOHIICHTPAIUACH, COKTHIFBICYBI JKOHE KOAaryJs-
IUSCHl KapacThIpbUIFad. HoTmkeciHae mucmepeTi aFrbiHIa Kot (paKTOpIIBl e3apa dpEeKeTTeCy KoHe eKi (ha3aHBIH e3apa
Oip-OipiHe ocepi Oap eKeHIIri KOPCETLINi. CYCHEeH3UANarbl cepaiblk Oeimek MeH KATTHl cepaiblk OemexTep
KeZIepri KYIUiH CUIIaTTalThIH TeHey - JKeke alblHFaH i KO3FalIbICEIHBIH AU GepeHInaIbIK TeHeYyi YChIHBIIIbL.

Bipmeli KpICBIMMEH ayBIPJIBIK KYIIi ©piciHIe €Ki CHIFBUIMAWTHIH (ha3amapAblH JTaMUHAPIIBIK KO3FAlIbIC Ke3iHAe
Macca MEH UMITYJICTIH CaKTally TeHJeyJiepl YChIHBUIFaH.

TypOyneHTTi ra3 arbIHBIHIAFEl MalAaJUCIEPCHSIIBIK OOJIIEKTEP/IiH aFbIMBIHBIH MapaMeTpiiepiH 3epTTel OThI-
PpBII Keiibip OomkaMaap skacaiijbl. Y akbIT ©T€ KeJe Ta3/IblH MyJIbCallis JKbUIAaMIBIFBIHBIH 63repyi peTiHe Oip Ke3eH
IIIiHAE Ta3/blH ITyJIbCALMACH JKacaraH OIIIIEKTep/AiH ITyJIbCALMSUIBIK KO3FAJIBICHI J€N YCHIHbUIFaH. MMiynberi
opTaMeH OeJILeKTepIiH dyecTeHy MmapameTpi TypOyJIeHTTI aFbIHAAFbl TaChIMAIAaHy KO3(QQHUIHUEHTTEPIH aHbIKTay/1a
MaHBI3/1bl CHITATTaMa OOJIBIN TaObLIa bl

CyHBIKTBIKTa op TYpJi OemmiekTepaiH OOMybl TypOYIEHTTI KOHE JIAMHHAPIIBI aFbIM Ke3iHIe THApPOMEXaHWKa
TaTNChIPMaIapblH MICHTY MOCEJIECiH KHBIHIATABI, AT )KYMBICTA KeITipiIren OomkaMaap, OYJT TarcblpMaHbl 3epTTeY Il
JKEHUTAETE .

Tyiiin ce3agep: ruapoanHamuka, auddepeHInanIpK TeHAeY, CYCIeH3UsNap, dMyIbCHsIap, Iucnepceti ¢asa,
KaTThI cepaiblk OeeK, TypOyJIeHTTI aFbiH, MYJIbCAIMSIIBIK KO3FaIbIC.

C.P. Pacyqos, I'.P. Mycradaena
Aszep0aiipKaHCKuil rocy 1apCTBEHHbIH YHUBEPCUTET He()TH U POMBILIIEHHOCTH, baky, A3zepOaiimkan
T'AJIPOIUHAMMUYECKHUE OCOBEHHOCTH TEYEHUS CYCIEH3UI U SMYJIbCUI

AnHoTtauus. /lanHas HaydHas CTAaTbs IOCBSIIAETCS IpobIeMaM, CBI3aHHBIM C TEYCHHUEM CYCIICH3UH U AMYIIb-
CHi1 M IPOBEICHBI HEKOTOPHIE YIIPOIICHHUS peabHOW KaPTHHBI TEUSHIS MTOMANCIIEPCHON cpeapl. Takxke MperycMoT-
peHo, uto muddepeHnratbHbIe YPaBHEHUS, XapaKTePU3YOIUe ABIKEHUE CYCIICH3UN W IMYIIbCUI JODKHBI YIUTHI-
BaTh NPUHIUIHANGHYIO Pa3pBIBHOCTH CPEOBbl W MPOUCXOIAMNE B HEH (PM3MKO-XMMHYECKHE IMPOIECCH IepeHoca
TEIJia U Macchl. YUHUThIBasi Bce 3TH (DAKTOPbI MPEAJIOKEHO 00lee YpaBHEHHE MHOTO(A3HBIX CUCTEM C ONpE/IeNeH-
HBIMH YIIPOILEHUSIMH, KOTOPbIE HE MEHSIOT (POpMaIbHBIN M CIIOKHBIH XapaKTep ypaBHEHUSI.

PaCCMOTpeHO IIOBECACHUEC YaCTHUIl B JIByX(l)a3HI)IX CHUCTEMAX, UX KOHLCHTpalUsA, CTOJJKHOBCHHUE U KOATyJIALUA. B
pe3yabTaTe CleNiaH BBIBOJ, YTO B JMCIICPCHOM IIOTOKE CYIIECTBYET MHOTO(AKTOPHOE B3aUMOJICHCTBHAE M B3aUMHOE
BiustHAE 00enx (a3. beuto mpemiokeHo auddhepeHuanTbHOe YpaBHEHIE ABIKCHUS OTACIBHO B3ATOH i-TOH chepu-
YECKOMN YaCTHIBI B CYCIICH3HUH, ¥, YPABHCHHE, OMUCHIBAIOIICE CHITY COMPOTHBIICHUS TBEPIOH CPEepHUUECKON TaCTHIIEI.

IIpencraBneHbl ypaBHEHUSI COXPAaHEHUS! MAacChl U UMITYJbCa MPU OJAHOMEPHOM JIAMUHAPHOM JIBUYKEHUH JBYX
HEC)KHMaeMBIX (ha3 B TOJIE CHITBI TSDKECTH C OJTHAKOBBIM JaBIICHHEM B (pa3ax.

W3yunB mapameTpsl T€YeHUS] TOHKOAWMCIIEPCHBIX YAaCTHUIl B TypOYJICHTHOM IIOTOKE Tra3a, CAEIaHbl HEKOTOPHIC
JIOTTYIIIEHHsI. Y CTAHOBJICHO, YTO IYJBCAIIIOHHOE IBI)KEHUE YAaCTHII, COBEpIIaeMOe MIMH B TEUEHUH OJHOTO IEePHOIa
MyJbCAllMi Ta3a, MOXKHO NPEACTAaBUTh KAK HM3MEHEHHE IyJIbCAIlMOHHONH CKOPOCTH Ta3a Bo BpeMmeHH. Ilapamerp
YBIIEUCHHUS YaCTHUI] MyIbCUPYIOIIEH Cpeoi SBISETCS BaXKHON XapaKTEPUCTUKON MIPH onpeaeseHn: Ko3(ppuuneHTo
nepeHoca B TypOyIeHTHOM TOTOKE.

CrenaH BBIBOJ] O TOM, YTO HAJMYUE B JKUIKOCTH YACTHUI] PA3HOTO POJia OCIOKHSICT MpoOIeMy pelieHUs 3a1au
THJPOMEXaHUKU NPU TYpOYJIEHTHOM U JIAMHHApHOM TEUSHWH, a JONYIIECHHs, PUBEJICHHbIE B paboTe, 00yeryaor
HCCIIeJOBaHUE JaHHOM 3a1a4.

KiaroueBble ci1oBa: runpoanHaMuKa, TuGQGepeHINaTIbHOS YPaBHEHUE, CYCIICH3UH, 3MYJIBCHH, TUCIICPCHAS
(haza, TBepas cepudeckas 4acTHIA, TypOYICHTHBIN MOTOK, MyJIbCAITHOHHOE JIBHKCHHUE.
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