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PULSATING EVAPORATION
OF EMULSION DROPLETS UNDER THE ACTION
OF A HIGH-FREQUENCY ELECTRIC DISCHARGE

The pulsations of droplet size in diesel-water emulsions under the action of a high-frequency
electric discharge have been studied using high-speed video recording. The discharge leads to
the dispersion of emulsion droplets with a high water content, in contrast to droplets of pure
combustible liquids. By processing video recordings of the evaporation process, the time depen-
dence of the projection-equivalent droplet size was determined. The results of this study can be
used in further investigations of the spray combustion of emulsion droplets when an additional
high-frequency electric discharge is applied at the atomization stage.
K e yw o r d s: diesel-water emulsions, droplets, electric streamer, pulsations, period, microex-
plosion.

1. Introduction

One of the key tasks in modern thermal power en-
gineering is to minimize harmful pollutant ejection
generated during the combustion of hydrocarbon fu-
els [1]. Promising approaches to solving this prob-
lem include the introduction of water into the fuel
composition. The presence of water in the fuel mix-
ture helps to reduce the flame temperature, which,
in turn, allows the formation of nitrogen oxides
NO𝑥 and carbon monoxide CO to be significantly
reduced. In addition, water affects the rheological
characteristics of the fuel by improving the condi-
tions for its dispersion during combustion. Of par-
ticular interest is the possibility of using emulsion
fuels (“oil in water” and “water in oil”) in diesel
engines [2].
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Under certain thermodynamic conditions, during
the combustion of emulsion droplets in the combus-
tion chamber, a micro-explosion phenomenon can oc-
cur. This is an explosive boiling process in which a
droplet disintegrates into smaller ones. Due to the in-
crease in the total contact surface between the fuel
and the oxidant, the combustion process becomes in-
tensified, which has a positive effect on its efficiency.

2. Analysis of Literature
Data. Formulation of the Problem

The formation of an emulsion assumes the presence
of at least two mutually insoluble liquids, e.g., wa-
ter and liquid fuel. Depending on the composition,
two main types of emulsions can be formed after the
dispersion of a mixture of immiscible liquids: “oil in
water” (O/W), when the fuel phase is dispersed in
the water phase, and “water in oil” (W/O), when, on
the contrary, water is distributed in the fuel phase
[3]. Alcohols can be an alternative to water in emul-
sions with diesel fuels [4].

Active research is being conducted on emulsions
with bio-oils [5], waste oils [6], and fuel oils [7]. As a
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rule, micro-explosions occur in systems with a notice-
able difference between the physico-chemical proper-
ties of the components [8]. Among the advantages of
emulsion fuels is the possibility of using components
obtained from waste oil and “contaminated” water
containing, e.g., petrochemicals.

As the temperature of the medium increases, three
characteristic modes of thermal action are observed
for emulsion fuel droplets [9–11]: evaporation, puff-
ing, and micro-explosion. In the first mode, a droplet
gradually decreases, preserving the integrity of its
surface. During puffing, a local curvature is formed
at the droplet surface, which quickly collapses, gen-
erating small droplets of liquid fuel. This is a result
of the boiling of water droplets inside the emulsion
droplet. With the further intensification of heating,
numerous steam bubbles are formed simultaneously,
which brings about an explosive expansion of the
droplet, i.e., its micro-explosion.

As was shown in Ref. [12], when emulsions were
heated in a furnace, a gradual increase in the droplet
size 𝑑 and the appearance of a liquid jet were ob-
served. The latter emerged through the droplet sur-
face owing to the local pressure increase caused by the
rupture of steam bubbles near the outer layer. This
process created a channel for steam ejection under
high pressure, which contributed to the rupture of the
liquid shell into numerous fragments. The character-
istic diameter of secondary droplets after the micro-
explosion, as a rule, did not exceed 200 𝜇m.

To determine the conditions under which emulsion
droplets undergo micro-explosion, a number of ana-
lytical approaches have been proposed in the litera-
ture [9]:

1) the analysis of the conditions under which the
critical nucleation temperature, a temperature close
to the boiling point of one of the emulsion components
at the water-in-oil (W/O) phase interface, is reached;

2) the estimation of how much the pressure inside
the vapor bubble exceeds the sum of the external
pressure and surface tension forces at the interface;

3) the experimental determination of the critical
radius of the vapor bubble.

In Ref. [13], the results of high-speed video record-
ing of the combustion of an emulsion droplet with a
water content of about 50% were presented. It was
found that the ignition temperature of the oil phase
exceeds the boiling temperature of water, so the mi-
croexplosion is initiated by heating water globules

inside the droplet. The behavior of such systems is
essentially different from that observed during the
combustion of “pure” fuel. Namely, the classical 𝑑2-
law is observed for a homogeneous oil droplet. At the
same time, in the case of an emulsion, a local flash
is registered near the surface. Then, after a micro-
explosion, gas-phase combustion occurs throughout
the entire volume around the droplet. It was shown
that the furnace temperature had a weak effect on
the combustion duration of emulsion droplets, but it
influenced the rate of their heating and the ignition
delay. Therefore, the possibility of limiting the pre-
heating of the combustion chamber to temperatures
sufficient for the ignition to start, but lower than the
critical ones, was emphasized.

Besides studying the behavior of individual
droplets in the emulsion, considerable attention is
paid to experiments under natural conditions that
simulate the combustion of a spray flame of emulsion
fuel. During such studies, two main factors are iden-
tified that can suppress the combustion process when
fuels with an increased water content are used. First,
an intensive cooling of the flame is observed, which
is caused by heat consumption for the evaporation
and heating of the water phase. Second, if stoichio-
metric combustion conditions are obeyed, the oxygen
fraction in the mixture of reagents decreases as the
water content increases, which limits the oxidation
intensity.

In Ref. [14], a schematic diagram of the flamma-
bility of vapors of higher hydrocarbons mixed with
air and water vapor at atmospheric pressure was pre-
sented. It was shown that as the fraction of water
vapor increases, the range of hydrocarbon concen-
trations at which ignition is possible becomes nar-
rower. At the same time, according to theoretical cal-
culations, even mixtures containing up to 75 wt%
water can remain flammable under stoichiometric air
conditions. The growth of the oxygen content in the
gas blow during the combustion of emulsions with a
water content of 50 wt% increases the efficiency of the
process from 45% to 78%. This can be explained by
the absence of nitrogen, which is an inert component
under normal conditions.

The concentration of water in the fuel, as well as
the oxygen content in the oxidizer, substantially af-
fects the level of formation of nitrogen oxides NO𝑥. In
particular, during the combustion of pure fuel oil in
pure oxygen, the concentration of NO𝑥 reached a
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value of about 760 ppm, whereas this parameter de-
creased to 430, 210, and 100 ppm when emulsions
with water contents of 25, 50, and 75 wt%, respec-
tively, were used. Such a reduction is directly related
to the decrease in flame temperature and confirms the
positive effect of the water component on the ecolog-
ical characteristics of the combustion process.

Experimental data on the combustion of oil/water
emulsions with water contents of 10 and 20 wt% in a
diesel engine [15] also showed that compared to con-
ventional diesel fuel (DF), a decrease in the combus-
tion intensity (lower flame brightness), a reduction
in the formation of nitrogen oxides NO𝑥 and smoke,
and a shorter duration of the combustion process are
observed.

One of the promising methods for controlling the
combustion process of gaseous, liquid, and dispersed
fuel systems is the application of electrical discharges
of various types [16–18]. In Ref. [19], the evaporation
of liquid and emulsion droplets in air under the ther-
mal influence of a high-frequency electrical discharge
was studied. For emulsions with a water content of
up to 50%, pulsations of the geometric sizes of the
droplets were registered after the heating stage. Na-
mely, the diameter of a droplet varied periodically
around a certain average value, which gradually de-
creased as the evaporation duration increased. Such
pulsations are explained by the evaporation of wa-
ter globules inside the droplet and the formation of
steam bubbles, which induce periodic oscillations of
the droplet volume. The loss of emulsion mass under
the action of electric discharge occurs mainly due to
liquid ejections during puffing, as a result of a local
rupture of the droplet shell.

Therefore, the study of the combustion and evapo-
ration processes of emulsion fuels remains a challeng-
ing task for modern energy science. The aim of this
work was to experimentally study the regularities of
the evaporation of water-fuel emulsion droplets with
various water contents under the influence of a high-
frequency electric discharge.

3. Materials and Methods

The experimental objects were two-phase emulsion
systems of the “diesel–water” type, which were pre-
pared without surfactants. The water fraction varied
from 0 to 80 vol%, with an increment of 10 vol%. For
mixing and emulsification, an ultrasonic disperser
UZDN-1 operating at a frequency of 22 kHz was

a

b

c
Fig. 1. Appearance of the
mixture before (𝑎) and af-
ter 5 min of mixing (𝑏) for
the D60W40 and D50W50
emulsions. Microscopic image
of the D50W50 emulsion one
minute after preparation (𝑐);
droplet sizes with D50 =
= 5.5 𝜇m and D90 = 10 𝜇m

applied. The device probe was immersed in a glass
container with a volume of 10 ml (Fig. 1, 𝑎), into
which the system components had been previously
placed. The treatment duration was approximately
one minute.

As a result of the ultrasound action, the mixture of
two mutually insoluble liquids was transformed into
a visually homogeneous white suspension throughout
the volume (Fig. 1, 𝑏); this mixture was later used
for the study. The most effective mixing of the com-
ponents took place at water fractions of 40–60 vol%,
which was verified by the bottle test [20]: a freshly
prepared emulsion is left undisturbed in a small bot-
tle, and either the time until the appearance of vis-
ible phase separation or the percentage of separated
water over time is recorded. For the indicated emul-
sions, the separation time was longer than 3 h. For
emulsions with low water contents or pure diesel,
the separation became noticeable after 10 min. The
same method was used to study the stability of aque-
ous emulsions with waste lubricant [18]. The half-
stratification time for emulsions with water fractions
up to 30% was 750–1200 s.

The method of emulsion preparation also affects
the separation time [20]: the smaller the droplets, the
more stable the emulsion. Therefore, the application
of an ultrasonic disperser was a good solution.

Immediately after emulsion preparation, several
droplets were taken with a pipette and placed on a
glass slide for optical microscopy (Fig. 1, 𝑐). The di-
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Fig. 2. Schematic diag-
ram of the experimental
setup: emulsion droplet
(1 ), thermocouple (2 ),
spatially adjustablemount
on a stand (3 ), millivolt-
meter (4 ), electrode (5 ),
Tesla generator coil (6 ),
camera (7 )

ameter of the needle in the micrograph is 7.5 𝜇m.
Transparent spherical particles of various diameters
are clearly visible in the micrograph. The average
size of the droplets varied depending on the emulsion
composition; the smallest particles were observed in
emulsions with water contents of 40–60%. The state
of the emulsion 5 min after preparation is shown in
Fig. 1, 𝑏. The main amount of water in the emulsion is
contained in droplets with the sizes 𝑑 > 2 𝜇m, which
is typical of ultrasonic treatment at 22 kHz without
surfactants.

In Ref. [21], using the example of the D95W5 emul-
sion, it was shown that its destabilization began 10 s
after its formation, and the average diameter of wa-
ter droplets increased from 0.41 to 15.38 𝜇m. Since
no surfactant was introduced into the system, the re-
pulsive forces between the droplets were insufficient
for stabilization, which caused the droplets to coa-
lesce. This process occurred due to a gradual decrease
in the thickness of the interfacial film separating the
droplets, which took place under the action of Van
der Waals forces. Within 25 s, droplets large enough
to precipitate were formed.

In our study (Fig. 1, 𝑐), we also observed the forma-
tion of noticeably larger droplets when the specimen
was sampled and applied to a glass slide. At the same
time, a substantial amount of fine (micron-sized) par-
ticles remained in the specimen. The complete strat-
ification of the system became apparent already one
day after its preparation. Therefore, we assumed that
within 5 min after the emulsion preparation, when the
droplets were being burned, the emulsion composition
remained unchanged.

As a rule, the fuel transit time from the moment of
mixture formation to its injection into the combustion

chamber in the fuel supply system of a single-cylinder
diesel engine is about 2–5 s. In the case of engines
operating on water-fuel emulsions, the formation of
a mixture of water with diesel fuel is carried out by
means of ultrasonic emulsification directly in front of
the combustion chamber [22]. Therefore, as noted in
Ref. [22], the processes of emulsion destabilization are
not taken into account in such systems because, in the
absence of a surfactant, the emulsion is prepared for
immediate use in the combustion process rather than
for storage.

4. Experimental Setup

For the studies, a thin thermocouple of the XA type
with a junction 0.5 mm in diameter was used. It was
located in an air environment at room temperature. A
droplet of emulsion, which was prepared immediately
before the experiment, was applied to the thermocou-
ple junction (Fig. 2). The wetting process was carried
out in such a way that the junction was inside the
droplet volume.

A copper electrode about 150 𝜇m in diameter and
connected to a Tesla mini-generator with a supply
voltage of 9–12 V was installed at a certain dis-
tance from the droplet. At a certain moment, the coil
power was turned on, and a high-frequency electric
discharge was applied to the droplet.

To evaluate the thermal power of the discharge, the
experiments were previously carried out with separate
water or ethanol droplets, and their evaporation un-
der the action of the discharge was observed. Assu-
ming that all thermal energy from the discharge is
transferred to the droplet (the contribution of heat
exchange was less than 10% of the incoming power
𝑃 ), then the time dependence of the droplet volume
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Table 1. Electrical conductivity of emulsions (in ppm)

Pure Inverse Close contents Direct Pure

D100 D90W10 D80W20 D60W40 D50W50 D40W60 D20W80 D10W90 W100

0 40 65 100 150 200 370 440 500

𝑉 can be described by the equation

𝐿𝜌
𝑑𝑉

𝑑𝑡
= 𝑃,

where 𝐿 is the specific heat of vaporization, and 𝜌
is the liquid density. According to this equation, the
droplet volume should decrease linearly with time. In
this case, the calculated values of the discharge power
𝑃 ranged from 0.13 to 0.25 W, depending on the dis-
tance between the electrode and the droplet [19].

As the discharge approached the droplet, the
thermal heating power first increased and then de-
creased. The discharge shape was that of a cylinder
about 1.5–2 mm in length. When the droplet moved
away from the discharge zone, the heat transfer effi-
ciency decreased. If the droplet approached the elec-
trode at a distance less than the discharge length
in the quiet state, the real channel length became
shorter. As a result, the heat release in the plasma
channel decreased, which accordingly reduced the
heat transfer to the droplet.

The electric discharge power was also evaluated ac-
cording to its thermal effect on paraffin. For this pur-
pose, a solid fragment of paraffin previously kept at
room temperature was used. The mass of the speci-
men was determined before the discharge action and
after a certain time interval, during which some part
of the substance melted and flowed down from the
surface of the solid piece. The mass of the melted
paraffin was used to calculate the thermal discharge
power, which was found to be approximately 0.13 W.

To analyze the behavior of the emulsion droplet,
video recording was performed at a speed of
400 frames per second. The recording was performed
using a Nikon J1 camera mounted on an optical bench
together with a lens. An LED light source was lo-
cated in the background; it provided uniform illumi-
nation and a contrast image of the droplet shape. The
resulting video materials were subjected to frame-
by-frame analysis. For every frame, the contour of

the droplet surface (excluding the thermocouple elec-
trodes) and the equivalent projection diameter were
determined. The latter was used for further calcula-
tions of the dynamics of the droplet shape variations.

5. Research Results

The evaporation of the droplets of pure liquids (diesel
fuel and water) under the action of an electric dis-
charge occurred in accordance with the classical 𝑑2-
law. In this case, the internal structure of the droplets
remained homogeneous, without noticeable features
or zones of phase separation.

Mixing diesel fuel with water, depending on their
ratio, resulted in the formation of a direct or inverse
emulsion. The direct emulsion (O/W) is a system of
the “oil in water” type, where water is the dispersion
medium, and fuel forms the dispersed phase. And
vice versa, the inverse emulsion (W/O) is a system
of the “water in oil” type, where fuel is the dispersion
medium, and water is the dispersed phase.

The emulsion type was determined using the elec-
trical conductivity method. High values of electrical
conductivity indicate the presence of a polar medium,
i.e., the emulsion belongs to the O/W type. In con-
trast, low electrical conductivity values correspond to
W/O emulsions. A TDS meter, which provided the
measurement results in ppm units, was used to quan-
titatively evaluate the electrical conductivity. The re-
sults obtained immediately after the emulsion prepa-
ration are given in Table 1. A certain regularity can
be observed: if the water fraction was small, the elec-
trical conductivity was insignificant, which confirms
the formation of an inverse emulsion; for large water
fractions, the electrical conductivity increased, indi-
cating the formation of direct emulsion.

In Fig. 3, the dependencies of the emulsion droplet
diameter on the duration of electric discharge action
are shown for various water volume fractions. In addi-
tion to high-frequency pulsations of the droplet size, a
qualitative difference between the behavior of direct
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a

b
Fig. 3. Characteristic time dependencies of the emulsion
droplet size for the D70W30 (𝑎) and D30W70 (𝑏) emulsions

and inverse emulsions was revealed. Inverse emul-
sions are characterized by evaporation that obeys the
𝑑2-law, whereas direct emulsions exhibit a noticeable
increase in droplet size at the initial stage, followed
by a drastic decrease in the droplet diameter.

A droplet of the inverse D80W20 emulsion was
characterized by the ejection of tiny particles less
than 100 𝜇m in size, which instantly burned out and
formed a smoke cloud (Fig. 4, 𝑎). The dependence of
the droplet diameter on time, 𝑑(𝑡), corresponds to the
𝑑2-law, but numerous pulsations are also observed so
that this law is somewhat “blurred”. Larger drops, ex-
ceeding 100 𝜇m in diameter, were rarely formed. The-

refore, pulsations and ejections of the substance only
slightly affected the total evaporation rate.

For a droplet of the D70W30 composition, the
pulsation frequency changed during the evaporation
process. At the initial stage after heating, smaller
droplets were ejected from the droplet surface with
a period of about 20 ms. At the next stage, the pul-
sations were associated with the formation of vapor
bubbles that expanded near the droplet surface; then
they burst (Fig. 4, 𝑏). As the droplet diameter dimin-
ished, the pulsation period became equal to 25–30 ms.

For systems with close water and fuel fractions, in
particular, for the D60W40 emulsion, intense pulsa-
tions with a period of 13–20 ms were observed; they
were associated with the expansion of vapor bub-
bles in the droplet. The diameter changed by about
±25% in this case. After the bubbles had burst, larger
droplets with a diameter of up to 200 𝜇m were ejected.

During the evaporation of emulsion droplets, vapor
bubbles were formed in the bulk, and they moved
along circulatory trajectories. The electric discharge
mainly acted on the junction in the upper part of the
droplet, forcing the bubbles to move away from this
region. For inverse emulsions, the number of bubbles
was small, and their growth was slow, so the droplet
diameter increased gradually. As a result, the ejection
of the substance occurred mainly due to the rupture
of one large bubble.

For emulsions with close water and fuel contents,
a simultaneous growth of several vapor bubbles was
observed. In the zone near the thermocouple junc-
tion, where the temperature was higher, the num-
ber of bubbles increased (Fig. 4, 𝑐). At the electrode
input, these bubbles were intensively heated, which
led to micro-ejections of small droplets. Accordingly,
the pulsation period in this zone decreased to 7.5–
12.5 ms.

Emulsions with higher water contents (70–90%)
are direct O/W emulsions. The main feature of their
evaporation is the formation of a foam-like surface
structure. In the upper part of the droplet, near
the heated junction, steam bubbles were intensively
formed (Fig. 4, 𝑑). For some time, they were re-
tained on the surface; then, they burst and formed
small droplets. In this case, the total diameter of
the droplet could increase by approximately 20%
(Fig. 3, 𝑏).

For droplets of the D30W70 composition, the num-
ber and size of steam bubbles were smaller than those
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7.490 s 8.430 s 8.850 s 8.940 s 9.540 s
a

10.280 s 10.290 s 10.295 s 10.300 s 10.310 s
b

12.240 s 12.250 s 12.26 s 12.265 s 12.270 s
c

10.540 s 11.510 s 12.200 s 12.380 s 13.130 s
d

Fig. 4. Examples of the emulsion droplet shapes during pulsation for various emulsions: D80W20 (𝑎), D70W30
(𝑏), D50W50 (𝑐), and D30W70 (𝑑)

in the D20W80 system, and the period of pulsations
associated with the detachment of small droplets
(<100 𝜇m) was 10–15 ms.

In the case of the D10W90 emulsion, the vapor-
ization process occurred in the droplet bulk. The
video recordings clearly demonstrated the movement
of steam bubbles along closed trajectories, whereas
the amplitude of the diameter pulsations remained
minimal.

6. Discussion

In Fig. 5, experimental data obtained for the depen-
dence of the pulsation period of the emulsion droplet
size on the water fraction are presented. In general,

the pulsation period is mainly within the interval
of 10–20 ms. Inverse emulsions are characterized by
small fluctuations of the droplet diameter, whereas
the droplet shape remains close to spherical. Such
droplets demonstrate successive micro-ejections of
liquid giving rise to the formation of small droplets
with diameters not exceeding 100 𝜇m.

Direct emulsions also demonstrate ejections of
small droplets. However, in addition, a foam-like
structure is formed from vapor bubbles that appear
near the droplet surface. This phenomenon leads to
an increase in the average droplet diameter by ap-
proximately 25%. Afterward, the foam gradually col-
lapses due to the bursting of the bubbles.
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Fig. 5. Dependence of the characteristic period of emulsion
droplet size pulsations on water content

a

b
Fig. 6. Temporal variations of the size 𝑑 of a D50W50 emul-
sion droplet with an initial diameter of 1.62 mm (𝑎) and the
time dependence of the temperature 𝑇 of the thermocouple on
which this droplet was located (𝑏)

Such behavior can be explained by a reduction in
the surface tension of the emulsion components upon
heating. In particular, the surface tension of diesel
fuel (DF) is 29 mN/m at 20 ∘C, and that of water is
73 mN/m; at 100 ∘C, the corresponding values are 20
and 59 mN/m, respectively. Since the surface tension
of DF is lower than that of water, vapor is mainly
formed at the boundaries of fuel globules, which act
as boiling nuclei.

Emulsions with close water and fuel fractions
are characterized by pronounced pulsations, ac-
companied by chaotic deformations of the droplet
shape. This occurs due to the growth of several steam
bubbles inside the droplet, the formation of steam
buildup on the surface, and the subsequent bursting
of the bubbles.

According to the experimental results, the time of
droplet heating before the onset of pulsations varied
from 1 to 11 s, depending on several factors.

1. The droplet size. The diameters of the exam-
ined droplets varied within the interval of 1.4–
2.6 mm. Even an insignificant increase in size from
1.5 to 1.9 mm led to an increase in the heating time
from 2.5 to 6 s.

2. The emulsion composition. Since the specific
heat capacity of water is approximately twice that
of diesel fuel, emulsions with a smaller water fraction
warm up faster.

3. The initial thermocouple temperature. During
serial experiments, the thermocouple remained par-
tially heated after each measurement. This circum-
stance reduced the heating time of subsequent
droplets because the duration of high-speed video
recording was limited to five seconds, and sev-
eral consecutive recordings were performed for each
series.

In Fig. 6, the diameter variations of a droplet of
D50W50 emulsion with an initial diameter of 1.6 mm
(𝑎) and the time dependence of the temperature of
the thermocouple on which the droplet, heated by
an electric discharge, was placed (𝑏) are shown. The
circle in panel 𝑏 corresponds to the moment when
micro-explosions appeared on the surface. It is worth
noting that the droplet temperature at this moment
was lower than the boiling point of water. Assuming
that the condition of pressure equilibrium in a va-
por bubble is satisfied, we can estimate that the
equilibrium radius of such a bubble is about 2 𝜇m
at 75 ∘C.
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7. Conclusions

The analysis of experimental observations allowed
us to form a holistic understanding of the interac-
tion between an electric discharge and an emulsion
droplet. During the experiment, the electric streamer
passes through the volume of the droplet and reaches
the thermocouple junction, which acts as a receiver
of thermal energy.

Under the influence of the discharge, two time
stages of the process are clearly distinguished: the
phase of inertial heating, when the droplet tempera-
ture gradually increases without noticeable structural
changes, and the pulsation mode, when the droplet
size periodically changes with a certain frequency
around an average value, which gradually decreases
due to evaporation.

Since the discharge duration is short, the streamer
does not have enough time to heat the entire droplet
volume uniformly. The most intensive heating is ob-
served in the regions located near the streamer tra-
jectory and the thermocouple junction. Under the ac-
tion of the electric discharge, emulsions with high wa-
ter contents show a tendency to disperse, whereas
pure combustible liquids do not exhibit this behav-
ior. Since the thermocouple junction is heated faster
than the liquid, vapor bubbles form mainly on its
surface, where locally intensive evaporation is ob-
served. At the beginning of pulsations, these bubbles
expand from the junction toward the droplet surface,
mainly in the zone close to the electric streamer. This
effect explains why the experimental values of the
warm-up time turned out to be shorter than the cal-
culated ones, and also why the observed pulsation
period was approximately half of the theoretically ex-
pected one [19].

For inverse emulsions (water content <30%), the
growth of a single vapor bubble, the size of which
is comparable to the diameter of the droplet itself,
is typical. In systems with close component contents
(40–60%), the pulsations are caused by the simul-
taneous expansion of several bubbles. In turn, di-
rect emulsions (water fraction >70%) are character-
ized by the formation of a foamy structure consisting
of vapor bubbles surrounded by molecular shells of
diesel fuel; these bubbles can grow and burst almost
simultaneously.

The loss of substance in emulsion droplets under
the influence of an electric discharge mainly occurs

due to micro-explosions and microdroplet ejections at
the moment of bursting. According to the measure-
ment results, the period of droplet size pulsations un-
der the action of an electric discharge was on average
10–25 ms.
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О.Черненко, М. Iванов, К.Тимофiєнко

ПУЛЬСАЦIЙНЕ ВИПАРОВУВАННЯ КРАПЕЛЬ
ЕМУЛЬСIЇ ПIД ДIЄЮ ВИСОКОЧАСТОТНОГО
ЕЛЕКТРИЧНОГО РОЗРЯДУ

Методом швидкiсної вiдеозйомки дослiджувалися пульсацiї
розмiру крапель емульсiй дизель-вода пiд дiєю високоча-
стотного електричного розряду, що приводить до диспер-
гування крапель емульсiй з великим вмiстом води, на вiд-
мiну вiд крапель однокомпонентних горючих рiдин. Шля-
хом обробки вiдеофайлiв процесу випаровування визнача-
лася часова залежнiсть проєкцiйного еквiвалентного роз-
мiру крапель. Результати цiєї роботи можуть бути вико-
ристанi в подальших дослiдженнях розпилення та горiння
крапель емульсiї iз застосуванням додаткового високоча-
стотного електричного розряду на стадiї атомiзацiї.
Ключ о в i с л о в а: емульсiї, дизель-вода, краплi, електри-
чний стример, пульсацiї, перiод, мiкровибух.
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