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MODELING OF PARTICLE MERGE OF DISPERSED PHASES OF EMULSION MEDIA

The paper studies the processes of merging droplets of the dispersed phase of emulsion media
using mathematical modelling to determine the final parameters of the resulting conglomerate based
on the initial parameters of individual particles. The developed model of emulsion droplet merging
allows one to obtain a general picture of the change in the parameters of emulsion droplets and, to-
gether with the models of fragmentation and movement, to describe the processes occurring during the
boiling of the aqueous phase of the emulsion.
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Y ecmammi docniosxcyiombcsa npoyecu 3numms Kpaneib OUCNEPCHOL a3y emynbCitiHux cepe-
008U 3a OONOMO2010 MAMEMAMUYHO20 MOOETIOBAHHA 01 GUSHAYEHHS KIHYegUX napamempis pe-
3YILMYIOU020 KOHELOMEPAMY HA OCHOGI NOYAMKOBUX NAPAMempI8 OKpemux wacmunox. Pospobaena
MOOenb 3MUMmsL Kpaneib eMynbCii 00360156 OMPUMAmMu 302aibHy KAPMUHYy 3MIHU HAPAMEmpIe Kpa-
nenb eMynbCii ma pazom 3 MoOeusiMu ppazmenmayii ma pyxy onucamu npoyecu, wo 6i06yeaiomsCsi
nio uac KuninHs 600HOI (hazu emynvCii.

Knwouogi cnosa: emynvcis; Kpanis; 3aummsl; KUNIHHA; 800d; MACL0; memMnepamypa.

Problem’s Formulation

Complex and diverse physicochemical phenomena that determine the stability of thin separat-
ing films of liquid and the structure of two-phase flows remain incompletely studied at present. This
issue is considered quantitatively in the DLVO theory (Deryagin, Landau, Verwey, Overbeck) [1—3].
According to this theory, the stability of dispersed systems is determined by the action of electrostatic
forces of repulsion of ionic charges in the electrolyte and Van der Waals forces of molecular attrac-
tion. The forces of attraction cause a destabilizing effect, which leads to the coagulation of particles.
Coulomb repulsive forces provide a stabilizing effect in the region of relatively large values of inter-
bubble distances. These forces have the greatest influence at inter-bubble distances of approximate-

Iy10‘9 +107"m, and it is important to know the potential of the surfactant [1]. As can be seen, the dis-
tances of action of these forces are quite small and these forces remain even more uncertain at differ-
ent radii of the interacting particles since the whole theory is developed for two particles of the same
size. All this shows that these forces for large distances can be ignored.
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Analysis of recent research and publications

A vapour layer is formed at the oil-water phase boundary in the process of boiling water-oil
emulsions as a result of a sharp pressure drop [3—=6]. An increase in the vapour volume (an increase in
the radius of the oil-vapour interface) for droplets of different sizes occurs at the parameters inherent
in each particle at a certain point in time. When droplets merge into a conglomerate, the parameters
are averaged, and the consequence is the appearance of a larger drop with its velocities and growth
accelerations [7, 8]. Therefore, consideration of these processes of combining boiling particles plays a
fairly large role in determining the final size of the fragmented particles of the dispersed phase, and the
process itself is an integral part of both boiling and movement and subsequent fragmentation of drop-
lets [4, 7, 9].

Formulation of the study purpose

The purpose of the article is to study the process of merging droplets of the dispersed phase of
emulsion media by determining the final parameters of the resulting conglomerate based on the initial
parameters of individual particles.

Presenting main material

Let's consider two particles of different sizes that merge and determine the parameters of the
resulting particle.

The total volume and mass of water after merging are

2 4 .
sz =i§1§7le?: » Mg :VszW’ =12, @)

where R; — is the radius of a water droplet.

To determine the temperature of the water of the formed particle, we determine the average
temperatures by the cross-section of the water droplets of the initial particles. With a known number of
calculated divisions of the cross-section of a water droplet and known temperatures in each layer of
these divisions, the average temperature of the volume of water of each initial particle is determined
by the expression

N
2t
t = n=1 , 2
St Ni ( )
where N; — is the number of divisions of a given section of the volume of water of a particle. Then

the average temperature of the resulting volume of water, assuming equality of heat capacities, is de-
termined from the heat balance equation

2
p M tsri
O = B 3)
My
The total volume of water determines the radius of the resulting water droplet
1/3
3
Ry = (EVWZ j : (4)

Equations (1)—(4) determine the resulting values of the radius of a water droplet and the tem-
perature of a given volume. We assume that the temperature across the cross-section of a water droplet
is equal to the average t,, for further calculations. This assumption is based on the fact of complete

mutual mixing of two volumes of water, as a result of which their temperature is determined by the
value tg, .

The mass of vapour in each particle can be determined using the model [3]. Then the total vol-
ume and mass of vapour are equal to

4 2 2
Vstz zgﬂ El(RZSi B Rl?: )’ Mty = E‘lmSTi ' ®)

where R, — is the radius of the oil-vapour interface.
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The total volume of vapour, together with the known radius, determines the total radius of the
resulting emulsion droplet.

3 1/3
R, = [Evstz + Rf’j : (6)

The vapour density of the resulting drop is
Pst = mstz /Vstz . )

The temperature of the vapour of a new drop is determined from the heat balance equation un-
der the assumption that the temperatures of the vapour of the original volumes are constant across their
cross-section. Then

2

zlmStl tSti
_ 1=
tSt -

(8)
Mgt
Based on the known temperature and density of the vapour, the vapour pressure can be determined.
Equations (5)—(8) determine the total radius of the new particle, as well as its thermodynamic state.
The amount of heat transferred from the oil to the vapour is determined from the heat balance
with known initial values H [3] of each of the particles. Then
H=H;+H,. 9)
The obtained amount of heat allows us to determine the depth of penetration and the new val-
ue of the heat flow Q,;, coming from the oil to the vapour [3].

To determine the speed of the oil-vapour interface w,, we add the kinetic energies of the mo-

tion of these boundaries of each of the original particles. The kinetic energy of each particle is deter-
mined by the expression [4]

1 0
By =§poan4nw2r2dr:2wO”W§i RE )
2
or in this case
By, :277»0oi|‘W2i ‘Wzi RSi, i=12. (1)

Then the speed w, is equal to

(12)

We will find the coordinates of the centre of the new drop from the ratio of forces without tak-
ing into account the acceleration of the drops

my, + Mg,

d(x, Y), = (

d(x,y), 13
g, + g 1 (g, +myg )Y (13)

where d(x, y)’— is the distance from the centre of drop 1 to the centre of the new drop; d(x,y)is the
distance from the centre of drop 1 to the centre of drop 2.

Let us introduce the notation
My, + Mg, m

=t (14)
(=g Jolm, +me,) ™ 2
i=1
Then, taking into account the consideration of the geometric similar triangles theorem, we will

obtain the coordinates of the centre of the new drop

XZ(Xz—Xl)M + X, y=(Y2‘Y1)M + Y. (15)

M =
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We will determine the projections of the speed vector of the formed droplet onto the axes us-
ing the impulse-momentum theorem

2 2
zmp, W siny; XMy W, COSy;
m, xmp
=) Pi i P

where the angleis determined by the method described in [3]. Then the speed of the resulting drop is

equal to
Wy =Wl + W, . (17

Thus, equations (1)—(17) allow us to determine the parameters of the newly formed drop.

Fig. 1. To the calculation model of the merging droplets of the dispersed phase of the emul-
sion (characteristic dimensions in microns)

We perform calculations for the model shown in Fig. 1 according to the equations [3] at
t, =105 °C, taking into account the forces that can cause instability, the forces causing displacement,

that is taking into account the displacement along the axes, and also taking into account the merging of
drops. We assume that if a drop is fragmented or merged with another, then the numbering of the
drops is reduced by one, starting with the number of the drop that is fragmented, or with the smallest
of the numbers of the drops that merged. As calculations [3] showed, drop Ne 2 will be fragmented at
the initial moment, therefore Ne2 will become Ne 3, etc.

The results of the calculations are presented in Fig. 2—4.

Radius Rz, mkm Acceleration g-10°3, m/s?
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Fig. 2. Change in the radius of a droplet (a) and the acceleration of the oil-vapour interface (b)
during the merging droplets over time as a result of the formation of a conglomerate
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Fig. 3. Change in the oil-vapour interface
speed (a) and vapour pressure (b) during droplet
merging over time (the notations are from Fig. 2)
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Fig. 4. Change in time of heat flow from
oil to vapour during droplet merging (designa-
tions from Fig. 2)
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These figures clearly show the mo-
ments of merging the drops: first [missing] 2
with Ne 3, then Ne 4 with 5, then Ne 2 with 4,
etc. At the moment of merging two drops, after
the formation of a new drop, the acceleration
of the oil-vapour interface (Fig. 2b) increases
abruptly, which is explained by a sharp de-
crease in the Laplace force, which is included
in the Rayleigh-Plesset equation, due to a
sharp increase in the radius of the interface. At
the moment of merging, the main thermody-
namic parameter (pressure) is determined by
values between the two initially existing ones
as can be seen from Fig. 3b.

The heat flow from oil to vapour can
have a resulting value either between the two
initial values or higher than the largest of the
initial values (Fig. 4), which can be explained
by the determining value of the radius of the
formed particle. For example, during the merg-

ing of droplets 7~6-10"s4 and 5, the rela-
tive increase in radius is greatest, and, as a
consequence, the heat flow increases above the
initial values.

The acceleration increase and its oscil-
lations described above subsequently lead to
corresponding speed oscillations w, (Fig. 3a).

These sharp changes in acceleration and speed
values can also cause hydrodynamic instability
of neighbouring droplets. However, in this
case, the magnitudes of these forces caused
by g and w are insufficient to break up nearby

droplets as calculations have shown. Accelera-
tion and speed oscillations have the character
of damped and, as can be seen from Fig. 2, 3,
the amplitude values of these parameters de-
crease with increasing time during further
droplet merging, which is a consequence of
both an increase in the size of the resulting
droplet and a decrease in the total pressure in
the system according to Fig. 3b. The corre-
sponding sharp increase in speed leads to a
decrease in values and vice versa. The heat
flow changes inversely proportional to the va-
pour temperature.
Conclusions

The developed model of emulsion
droplet merging allows us to obtain a general
picture of the change in the parameters of
emulsion droplets and, together with the mod-
els of fragmentation and movement, to de-
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scribe the processes occurring during the boiling of the aqueous phase of the emulsion. The assump-
tion of the smallness of the electrostatic repulsion forces and the Van der Waals forces of attraction, as
well as their exclusion from consideration at the last stages of droplet movement before they meet, is
quite justified due to their complete uncertainty for droplets of different sizes. The merger time of two
droplets of different sizes, calculated using the average radius and the technique [5], is equal to

Az ~107"s, which practically coincides with the calculation step. Another version of the boiling
scheme is also possible, in which the droplets do not merge, but grow, interacting with each other, in
the case where the stabilizing effect of the surfactant is large enough. But a combination of these
schemes can also exist. In general, any scheme of consideration will lead to thermal equilibrium, both
if we consider fusion and if we study thermal contact. Therefore, this method of calculating the boiling
of emulsions is quite acceptable.
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MOJIEJIIOBAHHS 3JIMTTSI YACTUHOK JUCIEPCHUX ®A3
EMY.JIbCIITHUX CEPE/IOBHUIII

Pedepar

CxJiajHi Ta pi3HOMaHITHI (HiI3MKO-XIMIYHI SBHIIA, 110 BU3HAYAIOTh CTIHKICTh TOHKUX PO3ILIO-
BUX IUTIBOK PIIMHU Ta CTPYKTYpPY ABO(a3HHUX MOTOKIB, Hapa3i 3aJHIIAIOTHCS HEIOCTATHHO BUBYCHU-
mu. [lap mapu yTBOprOETHCS Ha MEXi (a3 BO/Ia-Maciio B MPOIEC KUTIHHS BOIHO-MACIISTHIX eMYJITbCii
B PE3yJIbTATI PI3KOI0 Mepenany TUCKY. 30UIbIIeHHS 00'eMy mapH (30UIbIICHHS pajiiyca MexXi po3aiay
MacJo-1apa) Jyisi Kpareib Pi3HUX PO3MIpPIB BiOYyBAEThCS 3a MapaMeTpPiB, BIACTUBUX KOXKHIN YaCTHHII
B IIEBHUH MOMEHT 4acy. [Ipu 31muTTi Kparnenb y KOHTJIOMepaT mapaMeTpu yCepeIHIOITHCS, HACIiIKOM
YOro CTa€ MOsBa OUIBINOI Kparuli 3 BA3HAYEHUMHU IIBUIKOCTSIMH Ta MIPUCKOPEHHSIMHU POCTY MEXi TO/Ti-
Jy Boja-maciio. ToMy BpaxyBaHHS IMX IPOLECIB 00'€qHAHHS KUIUITYUX YaCTHHOK BIIrpa€ JAOCHThH
BEJIMKY POJIb Y BU3HAYCHHI KiHIIEBOTO PO3Mipy po3apoO0IeHIX YaCTOK TUCTIEPCHOI (ha3h, a caM Mporiec
€ HEBi/I'€eMHOIO YaCTHHOIO SIK KUIIIHHS, TaK 1 pyXy Ta MOJANBIIOr0 APOOICHHS Kparelb.
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Po3po0iieHa MoJieNb 3MUTTS Kpareib eMYJIbCil JT03BOJISIE OTPUMATH 3arajibHy KapTUHY 3MiHU
mapaMeTpiB Kparelb eMyJIbCil Ta pa3oM 3 MOAENSIMHU IPOOJICHHS Ta pyXy OMNKCATH MPOIECH, IO Bif-
OyBaroThCA IIiJ] 9ac KUTIHHS BOAHOI (ha3u eMyiibcii. [IpumymeHHs mpo MaixicTb CHIT eJeKTPOCTaTUIHO-
ro BIJIIITOBXYBaHHS Ta cuil BaH-nep-Baanbca, a Takox BHKJIFOUEHHS iX 3 PO3IIISIYy HA OCTaHHIX €Ta-
nax pyxy Kpareyib Iepes iX 3yCTpiudto, [UIKOM BUIIpaBJIaHe uyepe3 X MOBHY HEBU3HAYCHICTH JJIs Kpa-
MeNb Pi3HUX PO3MipiB. 3BUYAHO, 3p00OJIeHE MPUITYIIEHHS PO MUTTEBE 3IUTTS Kpareib MPU3BOIUTH
JIO JET0 HEKOPEKTHUX Pe3yJNIbTaTiB, aje MUTAHHS IPO Yac 3TUTTS JBOX Kpareih Pi3HUX po3MipiB Ta-
KOX 3aJTUIIAETHCS BiIKPUTHM. MOKIIMBUH TaKOX IHIIHIA BapiaHT CXEMU KHITIHHS, MPU SKOMY Kparui
HE 3JMBAIOTHCS, a 3pOCTAIOTh, B3AEMOIIFOYN OJHA 3 OJHOI0, V BUMAJKY, KOJU CTaOlTi3yIOUnii BIUIHB
MOBEPXHEBO-aKTHBHOI PEYOBHHHU JIOCTATHBO BENHMKUN. ToMy 1iell MeTOJ] po3paxyHKy KUIIHHS eMYJIb-
Cill € IUTKOM MPUHHITHUM.
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