
39

1. Introduction

Currently, due to the rapid development of the fuel 
and energy complex, the volume of solid fuel consumed is 
increasing every year. As it is known from the material of re-
search [1], in the world practice, energy systems suffer from 
several problems, such as various environmental problems, 
as well as long-term energy security is questioned. In this 
regard, they propose to use renewable energy in the future, 
mainly solar and wind, and the latter in the long-term pro-
duction of lithium and also phosphorous ore. However, until 
such technologies are created, traditional energy sources 
will be available. 

The main task in the process of preparing coal-water fuel 
is the grinding of coal. For grinding coal in production, ball, 
shaft and vibration mills of dry or wet grinding are used. 
The disadvantages of these mills are as follows: the complex 
and expensive design of their structures, due to the wear of 
the working bodies for crushing the material, the resulting 
product becomes dirty.

Therefore, research on the development of technology for 
producing coal-water fuel using the electrohydraulic effect 
is relevant.

2. Literature review and problem statement

In the work of the author [2], the prospects for using 
coal-water fuel are well described. Currently, this direction 
is very relevant not only for Ukraine, but also Western 
Europe, since more than 80 % of the total fuel balance of 
Ukraine is natural gas. The shortage of energy resources, 
including natural gas and oil, would help energy companies 
to additionally create and use alternative fuel sources.

Therefore, in subsequent works we tried to consider some 
of the advantages and disadvantages of creating and using 
coal-water fuel. The author’s work [3] shows the proportions 
of the use of coal mixtures of various fractions (50−75 % 
coal, with a maximum particle size of about 300 microns; 
25−50 % water; 1 % additives, such as dispersants or surfac-
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The object of the study is coal sludge and coal 
fines of the Shubarkol deposit and the Kuznetsk coal 
basin (Republic of Kazakhstan) for the production 
of coal-water fuel, which allows replacing liquid and 
gaseous expensive products. The resulting fuel (after 
treatment of coal seams and burial) from industri-
al waste should not harm the environment, which 
requires certain economic investments. For crushing 
coal and coal sludge in the crushing and grinding unit, 
an electrohydroimpulse device for fine grinding of 
materials was used, consisting of a control unit with a 
protection system, a pulse capacitor and a high-volt-
age generator (capacitor bank capacity 0.75 µF, pulse 
discharge voltage 15–30 kV, length of the interelec-
trode distance 7–10 mm). After grinding, fine coal 
particles rise to the surface of the water, and impu-
rities settle at the bottom of the device, which allows 
enriching the product (flotation). Surface structures 
and coal fraction sizes were obtained using a Tescan 
Mira 3 scanning electron microscope. The main char-
acteristics of coal-water fuel during vortex combustion 
were: the diameter of the fraction 0–250 microns – 
63–74 %, process water – 36–24 %, special addi-
tive – 1–2 %. Coal-water fuel is similar to liquid 
fuel, and when transferring heat-generating plants 
to combustion of suspension, no significant chang-
es in the design of boilers (units) are required. This 
makes it easy to mechanize and automate the process-
es of receiving, feeding and burning fuel, and the vor-
tex combustion technology at a temperature of 950–
1050 °C guarantees fuel efficiency of more than 97 %. 
The given optimal parameters of electrohydroimpulse 
technology when introduced into production will allow 
not only grinding, but also enriching the coal product
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tants). However, due to the different grades of coal, as well 
as the inaccuracy of the studies carried out, it is impossible 
to estimate the exact proportion.

In [4], it is shown that mechanical crushers are used for 
crushing and grinding solid particles (coal, coal sludge, etc.) 
and obtaining stable binary fuel systems, which, in turn, 
have certain disadvantages, including they are energy-in-
tensive and require high energy consumption, and after 
grinding products, metallic impurities appear in them. These 
impurities can negatively affect the operation of not only the 
injectors, but also the entire fuel system. 

It was shown in [5] that the rheology of the mixtures 
obtained was studied mainly by experiments with suspended 
suspension particles, and on this basis, correlations were ob-
tained to predict the Newtonian viscosity of the suspension. 
However, as is known, particles of various materials (coal, 
sludge, charcoal, etc.) will differ in physical and geometric 
properties, such as density and shape. Thus, the actual flow 
pattern for pumping through the pipeline will differ depend-
ing on the material (charcoal, sludge, etc.). 

In [6], separate methods for the preparation of suspen-
sions (non-Newtonian suspensions) and their behavior are 
indicated, which will be used for commercial purposes, but 
this type of fuel is very different from traditional combustion 
materials. Therefore, it is difficult to evaluate it in practical 
applications.

The paper [7] experimentally investigated and obtained 
comparative data on the ignition behavior of slurry fuel pre-
pared from peat, coal processing waste (sludge and filtration 
sludge) and brown coal with the addition of spent turbine oil 
(with a share of 10 %), compared with traditional fuels. As 
is known, due to the high cost and shortage of spent turbine 
oil, it is impossible to use these additives for the preparation 
of coal-water fuel. 

It is known from the works of the authors [8] that waste 
is generated at enterprises during extraction, as well as after 
processing any type of fuel. With poor-quality flotation and 
dehydration of small-grade coal, coal sludge is formed. This 
level is about 0.5−10 % of the total volume of processed coal, 
and storage facilities and hydraulic settling tanks using 
sludge occupy huge territories, and coal in the sludge is 
intensively oxidized. This process greatly affects the envi-
ronment and is harmful from an ecological point of view. 
Therefore, further processing of coal sludge for use in the 
energy sector is an urgent task and, as is known, requires a 
certain amount of energy consumption.

As the authors [9] show, the creation of a suspension 
coal-water fuel with subsequent transportation of sludge will 
dramatically improve the environmental situation. Consid-
ering that the cost of the fuel component in the cost of the 
generated thermal energy ranges from 40 to 70 %, reducing 
the cost of fuel or its specific consumption is an important 
factor in obtaining an economic effect. 

The paper [10] describes the technological, qualitative 
and quantitative scheme, as well as the calculated data of 
technical and economic indicators of the technology of 
preparation of water-coal fuel based on brown coal. The pos-
sibility and prospects of using coal-water fuel in Ukraine ob-
tained using the “hot water drying” technology are shown. 
The efficiency of using various heat carriers at power plants 
in Ukraine is considered, as well as technical and elemental 
analysis of brown coal from the Alexandrian deposit, from 
which it is possible to obtain coal-water fuel with a capacity 
of 120 tons/day according to the proposed technological 

scheme. Such schemes are optimal and workable. It is neces-
sary to further develop such technological lines. 

The authors of the works [11] carried out fuel studies in 
the plane of ensuring the maximum concentration of solid 
particles, efficient combustion of coal-water suspension and 
in-depth fundamental study of the rheology and stability of 
coal-water fuel from the standpoint of the theory of lyopho-
bic stability of colloids. 

In the field of the theory of highly concentrated coal-wa-
ter suspensions, the authors propose three approaches: classi-
cal hydrodynamic, empirical and somewhat unconventional, 
based on the physical theory of stability of colloidal systems 
(DLFL theory). At the same time, the stage of development 
of the physical and technical bases for the preparation of 
coal-water fuel transportation has been completed. How-
ever, these processes take a colossal time to implement such 
technologies.

The authors of the works [12] show a very promising 
technology, this is the use of highly loaded coal-water sludge 
(HLCWS) as fuel and the production of stably transported 
coal-water fuel (CWF), which can be burned in boilers with-
out prior dehydration. This process dramatically reduces 
transport costs. Also, the theory of highly loaded coal-water 
suspensions (HLCWS) can be supplemented by an analysis 
of the energy state of the HLCWS solid phase using im-
portant assumptions of the theory of aggregative stability of 
lyophobic dispersion systems (DLVO theory).

In addition, universal technologies for efficient combus-
tion of water-coal fuel of crushed coal waste have not yet 
been developed.  

In connection with the above, the development, creation 
and implementation of alternative fuel sources in the thermal 
power industry is an urgent task.

3. The aim and objectives of the study

The aim of the study is to develop an electrohydraulic tech-
nology for producing coal-water fuel from coal and coal sludge.

To achieve the aim, the following objectives were set: 
– to determine the discharge energy and the length of 

the discharge gap of the electrohydroimpulse installation, 
providing fine grinding of coal particles to a specified 
size (0.1–200 microns); 

– to develop and manufacture a nozzle with a tangential 
twist for spraying coal-water fuel.

4. Materials and methods

To carry out experimental studies, we obtained coal with 
a diameter of 7−48 mm, products from the coal mine of Shu-
barkol Komir JSC, coal sludge and coal from the Kuznetsk 
mine coal basin prepared in the central processing plant.

The resulting products were processed mechanically 
using a VKDM-6 mechanical crusher [13, 14] and an exper-
imental electrohydropulse installation with a crushing and 
grinding unit. 

Before the experiment, the original type of coal was 
subjected to crushing into certain fractions by mechanical 
means. Before placing the coal in the working cell, the coal 
was weighed on electronic scales of 50, 100, 150 and 200 g. 
After processing, the obtained samples were dried and 
separated into fractions of various sizes. Particle size mea-
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surements were carried out by sieving using a sieve with 
the following cell size: 1,000, 500, 300, 250, 200, 100 and 
80 microns.

The experimental setup works as follows. After the 
voltage is applied, the transformer generates a pulse volt-
age of the required energy and through the electrode cable 
(radio frequency coaxial cable with a nominal impedance of 
75 ohms), into the system of the working crushing unit with 
the object of study. The power supply is carried out from the 
mains, with a voltage of 220 V. The pulse voltage generator 
is assembled on a step-up high-voltage transformer Tr, with 
a transformation coefficient t=200, with a maximum voltage 
of 50 kV and is designed for a current of 100 mA in nominal 
operating mode.

The installation has a cylindrical chamber (crushing and 
grinding unit), where two electrodes are installed, one of 
which is negative − stationary, and the second positive elec-
trode (Fig. 1). The latter is regulated depending on the load-
ing of the object and allows one to change the supply pulse 
voltage. The gap between the electrodes can be changed 
from 0.1 mm to 15 mm. 

The upper part of the cell cover is made of a special 
non-conductive material (caprolon). In this crusher, the pro-
cess takes place in an aqueous medium, and therefore dust 
is not formed and the crushing unit occupies a small space. 
During the crushing process, harmful substances and toxic 
gases contained in solid fuel, dangerous to human life, do not 
spread in the environment and remain in the composition of 
water.

The second series of experiments was carried out with 
the use of a crushing and grinding device created and manu-
factured by us to obtain fine materials [12].

In this device, two stages of grinding are used, first in the 
main body, larger fractions, due to cone reflectors mounted 
in the built-in housing in the form of additional electrodes, 
are crushed to medium for grinding materials of larger frac-
tions (diameter from 10 to 20 mm). And at the second stage, 
in the built-in housing, the medium fractions are crushed to 
small fractions, depending on the diameter of the sieve. For 
an intensive grinding process, the inner cavity performs the 
function of a reflector. Fig. 2 shows the general scheme of 
the device. 

The main body of this device is designed to supply the 
source material and liquid. A camera for collecting the 
finished product with a removable sieve is installed from 
the bottom of the built-in housing with the help of a thread 
(during the experiment we also replaced it with other sizes). 
The positive working electrodes are connected to the dis-

charge distributor and are connected to a high-voltage en-
ergy storage. The negative working electrodes are grounded.

In the housing, there is a branch pipe for the intake of 
finely ground material connected to the filter of the ship-
ping hopper, which is connected to the pump by means of a 
pipeline. The filter of the shipping hopper has a nozzle for the 
release of the final product with a flap.

During the operation of the device, the crushed material 
with process water was fed into the main body and the pulse 
generator unit was turned on, supplying high-voltage pulses 
accompanied by electrical discharges in the working fluid 
between high-voltage additional electrodes. Materials of a 
larger fraction located in the housing were subjected to a 
powerful pulsed electric discharge that occurred during an 
underwater spark discharge in a liquid. So, the gap of the cen-
tral cone-shaped hole was not clogged with large pieces, the 
process of destruction and crushing to the desired fraction 
was carried out beforehand, after that the material entered 
the grinding zone of the built-in housing. After receiving the 
materials on the built-in housing, using working electrodes 
installed in the insulator, the second stage of grinding was 
performed. The shock wave propagated in the process water 
from the breakdown points in all directions and began to 
grind the material. In the second stage of grinding, the lower 
part of the additional electrodes performed the function of 
cone reflectors, the grinding process in the built-in housing 
became more intensive to obtain finely ground material. The 
finely ground materials passed through a sieve and entered 
the chamber, and the crushed material, mixing with process 
water under the influence of a pump, was fed to the filter 
of the shipping hopper, which we used to take the crushed 
product. The drain of the working fluid entered the main 
body through a branch pipe, which was connected to the 
main pipeline for the discharge of the purified working fluid 

Fig. 1. Crushing and grinding unit: 1 − unit cover; 2 − positive 
central electrode; 3 − grounding and negative electrode

Fig. 2. Electrohydroimpulse device for fine grinding of 
materials: 1 − main body; 2 − built-in housing; 	

3, 4 − additional positive and negative electrodes; 5 − central 
cone-shaped hole; 6, 7 − working positive and negative 

electrodes; 8 − insulator; 9 − chamber; 10 − sieve; 	
11 − branch pipe; 12 − filter of the shipping hopper; 	

13 − pipeline; 14 − pump; 15, 16 − branch pipes; 17 − flap; 	
18 − discharge distributor; 19 − high-voltage energy storage
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and to the pump. The operation of the installation allows one 
to work smoothly and ensures the circulation of intensive 
grinding of the material.

5. Results of obtaining coal-water fuel by an 
electrohydroimpulse installation and methods of its 

combustion

5. 1. Determination of the optimal energy and geo-
metric parameters of the electrohydropulse installation 
for obtaining a fine fraction of water-coal fuel

During mechanical machining, we used a VKDM 6 cone 
laboratory crusher, which allowed grinding the material due 
to abrasion. As practice shows, this method of crushing and 
grinding has its drawbacks, namely mechanical compression 
stresses, where the resistance for rocks is several times great-
er, low efficiency, etc.

After mechanical processing of Shubarkol coal, fractions 
with diameters of 1–3 mm have an elongated shape com-
pared to electrohydroimpulse processing. We found exactly 
the same process after processing the coal of the Kuznetsk 
open-pit mine.

During electrohydroimpulse processing, the interelec-
trode distance in the working interval varied from 7 mm to 
10 mm (lw, through each mm), the capacitance of the capacitor 
banks C=0.75 µF and the maximum voltage on the 
controlled spark gap showed U=35 kV, and the initial 
diameter of the fraction was taken from 5 to 9 mm.

Fig. 3 shows the process of crushing coal from 
the distance of the interelectrode gap. As experi-
mental work shows, the degree of coal grinding in-
creases with a change in the direction of increasing 
the interelectrode distance, followed by an increase 
in the discharge energy. When setting the distance 
lw=7 mm, the voltage at the working interval was 
U=17 kV, at lw=8 mm – 23 kV, at lw=9 mm − 28 kV, 
and at lw=10 mm, the kilovoltmeter showed 33 kV.

In these graphs, we can see that as the interelec-
trode distance increases, the number of fractions 
with small sizes rises sharply. If the coal fraction 
is small, the cell is deposited at the bottom so that 
the discharge at the bottom of the 
cell is low. The larger the diameter 
of the coal, the better the process 
takes place.

In subsequent experiments, we 
obtained mass fractions after me-
chanical and electrohydroimpulse 
processing (Fig. 4, 5). Compara-
tive data were obtained for the re-
quired fixed diameters (dfr>40 mi-
crons and dfr=200 microns).

As can be seen from Fig. 5, af-
ter mechanical and electrohydro-
impulse processing, the mass frac-
tion of the fraction with diameters 
of 900 microns is much smaller 
than during electrohydroimpulse 
processing, but after mechanical 
processing, the diameter of the 
fraction of 400 microns increases 
by 35 %, this process can be ex-
plained in terms of the width of the 

gap between the processing surface of the rotating cone grind-
er and the base of the apparatus. The required parameters for 
obtaining coal-water fuel range from 0.1 mm to 0.2 mm, and 
the electric pulse process allows this limit to be reached.

From the comparative Fig. 6, it can be seen that after the 
electric pulse treatment, the mass fraction of the fraction 
with diameters of 0.14 mm is 3 times higher than after me-
chanical treatment.

Next, we investigated the surface structures of the sam-
ples and obtained data from Kuznetsk coal (Fig. 7) on a 
Tescan Mira 3 scanning electron microscope.

Fig.	3.	The	crushing	process	depending	on	the	distance	of	
th	e	interelectrode	gap
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Fig.	4.	Histogram	of	particle	distribution	during	mechanic	al	and	electric	
pulse	processing	of	Kuznetsk	coal
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Fig.	5.	Histogram	of	particle	distribution	during	mechanical	and	electrohydroimpulse	
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The Tescan Mira 3 scanning electron microscope allows 
obtaining SEM images and analyzing the elemental compo-
sition in real time in one window of the TESCAN Essence 
software, which greatly simplifies obtaining data on both 
the morphology of the sample surface and its local element 
composition.

The sample particles were fixed on special “tables” using 
conductive carbon tape, after which the tables were placed in 
the microscope chamber. The images were obtained using a 
secondary electron detector (SE detector) at an accelerating 
voltage (HV) of an electron beam of 20 kV.

The images of the surface were obtained at different 
magnifications and it is clear that the coal samples have a 
layered structure.

Experimental work has been carried out repeatedly. The 
proposed graphs show only averaged values. At the same 
time, the measurement error does not exceed 5 % and the 
errors are within the norm. 

The discharge energy was calculated at fixed values of 
the capacitance of the capacitor bank and the pulse volt-
age (W=CU2/2):

In experimental studies, pulse capacitors with a nominal 
voltage of up to 100 kV, with a capacity of 0.25 µF (C) (in 
the amount of 3 pcs) were used. During the experiment, the 
maximum capacitance of the capacitor bank was – 0.75 µF.

The pulse voltage (U – from 15 to 30 kV) 
was measured and monitored using a C100 
mirror kilovoltmeter, where the limit of the 
permissible value of the basic error in the 
working part of the scale is ±2.0 %. 

Using digital laboratory scales (maxi-
mum load – 1200 g; readout discreteness – 
0.01 g), the mass of the feedstock and the 
crushed product was determined. For each 
experiment, the mass of the initial product 
was 200 g, and the crushed coal powder ob-
tained by the electrohydroimpulse method 
was sieved through a sieve with a hole size 
of 250 microns. After repeated experiments, 
the average mass of the resulting product was 
determined: mcp=(m1+m2+m3+...mn)/n.

To determine the granulometric compo-
sition of the resulting coal powder, standard 

laboratory sieve containers with cell sizes from 1 mm to 
40 microns were used (the sieve was calibrated in accordance 
with GOST R 51568-99).

During experimental studies, the measurement error 
was: for pulse voltage – 3.5 %, for capacitor bank capacity – 
2.5 %, by weight of the initial product and the product ob-
tained by the electrohydroimpulse method, about 1 %. The 
confidence interval does not exceed standard deviations, and 
therefore is not indicated in the graphs.

5. 2. Creation of a burner device with tangential swirl
for atomization of coal-water fuel and testing

In the electrohydrodynamics laboratory, we have de-
signed and developed two types of atomizers with a hearth 

device for injection of coal-water fuel: 
with cylindrical radial rotation of the 
flow; with aerodynamic (tangential) 
rotation of the flow.

Based on the formulated new prin-
ciples, a new fuel combustion technol-
ogy has been developed and proposed 
that meets the requirements of inte-
grated environmental safety, efficiency 
and reliability for combustion devices. 

In order to study the combustion 
process of the resulting coal-water 
fuel, a device was assembled consisting 
of gas atomizer, atomizers for spray-
ing liquid fuel, air nozzles, nozzles, 
combustion chambers, coal-water fuel 
tanks, pipes for supplying coal-water 
fuel, tables, mixers and engines.

The simplest atomizers, for exam-
ple, gas atomizers have one hole, and 
an atomizer with six holes is needed in 

our case for better dispersion when burning coal-water fuel. 
Compressed air up to 0.6 MPa coming from a compressor 
was used as a nebulizer. 

The following Fig. 8 shows a photo of the flame when the 
gas is turned on. The principle of operation is formulated as 
follows: the resulting coal-water fuel is fed into the fuel tank. 
The gas cylinder and the atomizer are turned on. Using a 
gas atomizer, the combustion chamber and the atomizer that 
sprays liquid fuel are heated. For better suspension delivery, 
we connect a mixer to the tank. After the combustion cham-
ber and the atomizer are heated to the desired temperature, 

Fig. 6. Distribution histogram of coal particles by size after 
electrohydroimpulse processing
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we use a compressor to feed the wet carbon fuel into the 
tank. Further, coal-water fuel enters the fuel supply pipeline. 
After lifting the coal-water fuel, the nozzle is opened, con-
nected to the pipe, the fuel is sprayed through the atomizer 
into the combustion chamber. At the same time, the combus-
tion process of coal-water fuel is controlled.

In order to burn liquid fuel and obtain acceptable results, 
there should be a high temperature for a long time in the com-
bustion chamber with the complete combustion of liquid fuel.

In the “Physics of Сombustion” laboratory, the study and 
combustion of coal-water fuel were carried out in the follow-
ing way. The primary hearth was heated up to 600 °C with 
diesel fuel, and then liquid fuel was pumped with compressed 
air into the atomizer for injection of coal-water fuel from 
the cell at a temperature of 750 °C. After that, the supply 
of diesel fuel stopped, and the combustion of the coal-water 
fuel occurred spontaneously. The combustion process lasted 
up to 30 minutes.

Fig. 9 shows a diagram of the temperature dependence 
of the combustion of coal-water fuel on the time of burning.

As can be seen from the figure, the heating temperature 
of the hearth with diesel fuel reached 650 °C for 20 min-
utes, after which for 2 minutes there was a joint combus-
tion of diesel fuel and coal-water fuel and the temperature 
reached 800 °C. 

The temperature dependence of the combustion of 
coal-water fuel is obtained, where a cone is used in the 
nozzle, passing into a cylindrical outlet channel through 
a conjugate circular angular vertex. The duration of the 
experiment was up to 30 minutes. We have also tested an 

advanced version of the nozzle, with a tangential twist for 
spraying coal-water fuel.

Then the supply of diesel fuel was stopped, spontaneous 
combustion of coal-water fuel occurred. But after the diesel 
fuel supply was stopped, the combustion temperature of 
coal-water fuel dropped sharply and within 6 minutes it 
decreased from 780 °C to 400 °C.

Fig. 10 shows that the flame is weak. With continuous 
combustion, we reduce the gas supply, at this moment spon-
taneous combustion occurs. A photo of the fuel combustion 
is shown in Fig. 10.

How the process of burning fuel occurs is seen in 
the Fig. 10. Compared to gas combustion, fuel combustion 
is more intense. 

During operation, the atomizers emitted high-pitched 
sounds characteristic of vibratory combustion, when gas at-
omizers were operating, and this phenomenon was constant. 
A mixer was installed at the bottom of the tank to prevent 
fuel from settling in the tank. The mixer was constantly 
rotating with the help of an engine. The adjustable gas atom-
izer was attached to the tripod. 

However, the developed and tested first version of the 
nozzle requires further improvement of the design, because 
sometimes there is a blockage of the passing section when 
spraying coal-water fuel.

Next, we proposed a second version of the nozzle design 
for more active spraying and burning of coal-water fuel. The 
burner contains a nozzle with an aerodynamic twist, which 
contributes to the vortex flow of the coal-water mixture 
into the working space of the furnace.

For an experimental coal-water fuel combustion atom-
izer with a cylinder-radial sprayer, an experimental setup 
was assembled.

This burner device ensures a rational distribution of fuel 
in the oxidizer flow and a high level of turbulence intensity 
in the area of fuel mixture formation. Provides a stable con-
trolled aerodynamic structure of the flow of fuel, oxidizer 
and combustion products with zones of reverse currents in 
the area of stabilization of the torch. 

The principle of operation is as follows: coal-water fuel 
enters the cell, where we close the cell lid tightly. Then we 

preheat the combustion chamber to the required tempera-
ture and start the system. 

Unlike the first version of the burner device, where a cone 
is used as an internal channel, passing into a cylindrical output 
channel through a conjugate circular angular vertex, the pro-

Fig. 8. Photography of a flame from a gas nozzle

Fig. 9. Temperature dependence of coal-water fuel combustion
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Fig. 10. Photographing the combustion process of coal-
water fuel
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posed second design has a tapering smooth transition, exclud-
ing a circular angular vertex. The disadvantage of the design 
with a circular angular vertex is the narrowing of the passage 
section due to the formation of a dead circulation zone at the 
mouth of the transition from the cone to the cylindrical outlet.

Coal-water fuel is similar to liquid fuel, and when trans-
ferring heat generating plants to the combustion of this sus-
pension, no significant changes in the design of boilers (units) 
are required. This makes it possible to easily mechanize and 
automate the processes of receiving, feeding and burning fuel 
and the vortex combustion technology at a temperature of 
950–1050 °C guarantees fuel efficiency of over 97 % (with 
layered coal burning, this value does not exceed 60 %).

In connection with the above, for the combustion of 
coal-water fuel prepared using the electric pulse method, 
special burner devices are needed to ensure the continuous 
operation of the installation. In the future, these technol-
ogies for the preparation of coal-water fuel can be used by 
small boiler houses providing heat to detached buildings. 

6. Discussion of the results obtained in determining
the geometric and energy parameters of an

electrohydroimpulse installation and obtaining coal-water 
fuel with subsequent combustion 

During operation, the coal was pre-crushed mechanical-
ly and using an electrohydraulic effect.

As can be seen from the graphs (Fig. 3), the grinding pro-
cess occurs in fractions with a diameter of dfr=500–1000 mi-
crons. At the beginning of the process, at lw=7 mm, the volume 
of this fraction takes about 65 %, and at lw=10 mm it decreases 
to 23 % (Fig. 4, din=7÷9 mm). 

Experimental studies show that the electrohydroimpulse 
method allows optimizing the granulometric composition, 
as well as reducing the mechanical impurity of finished 
products. At the same time, it is possible to accurately de-
termine the required discharge energy to obtain a ready 
and homogeneous finished suspension, the installation itself 
allows grinding coal sludge and coal with a fraction diameter 
of 0–250 microns. With an increase in the discharge energy 
in the crushing and grinding unit, the content of the initial 
fraction decreases to 23 %.

As studies show (Fig. 4–6), the traditional grinding meth-
od based on well-known principles has many significant draw-
backs, they implement the physical principle of material de-
struction by mechanical compression stresses, the resistance of 
which for rocks is 10–30 times higher than the rupture stress, 
and the efficiency of mechanical destruction remains very low.

From the results obtained on the Tescan Mira 3 electron 
microscope (Fig. 7), it can be seen that the diameters of the 
fraction of the processed material on the electrohydroim-
pulse unit are significantly smaller than those of the fraction 
processed in the traditional way. The electrohydroimpulse 
method acts much more selectively on the processed object 
and allows obtaining the necessary fractions and further use 

of coal powder in coal-water fuel and there is no need to de-
hydrate the resulting product. Finished products can be used 
directly in the furnaces of boiler equipment.

After obtaining the necessary suspension, we obtained 
the temperature dependence of the combustion of coal-wa-
ter fuel (Fig. 9). The duration of the experiment was up to 
30 minutes. However, the developed and tested first version 
of the nozzle requires further improvement of the design, 
since when spraying coal-water fuel, a blockage of the flow 
section sometimes occurs.

Further, a nozzle with a radial-cylindrical sprayer is as-
sembled for burning coal-water fuel, which provides a stable 
controlled aerodynamic structure of the flow of fuel, oxidizer 
and combustion products with backflow zones in the flare 
stabilization zone. 

The advantage of the technology of obtaining alternative 
energy sources from untreated coal is undeniable, since the 
main factor in obtaining a coal-water suspension are shock 
waves accompanying an underwater electric explosion. Elec-
trohydroimpulse processing allows not only grinding raw ma-
terials, but also significantly changing the structure and com-
position of the processed raw materials, since an underwater 
electric explosion passes through the particles and separates 
the resulting valuable components from the mineral base, by 
increasing the degree of processing of natural coal. At the 
same time, energy consumption in the production of coal-wa-
ter suspension is reduced by 3–5 times, since the materials 
under study are processed by electric discharge directly in the 
liquid. However, to create an electrohydroimpulse installation 
with a crushing and grinding unit for introduction into pro-
duction, additional financial investments are required.

The disadvantage of this study is that experimental work 
was carried out only in laboratory installations. The energy 
industry is skeptical about the new rational proposals. 

7. Conclusions

1. The optimal parameters of the electrohydroimpulse
installation were determined: the capacitance of the capacitor 
bank 0.75 µF, the pulse voltage in the range from 15 to 30 kV, 
the length of the interelectrode distance from 7 mm to 10 mm.

2. It was found that the proposed nozzle with a cylindri-
cal-radial sprayer provides a rational distribution of fuel in 
the oxidizer flow and a high level of turbulence intensity in 
the mixing zone. Provides a stable controlled aerodynamic 
structure of fuel, oxidizer and combustion products flows with 
the presence of reverse zones in the flame stabilization zone. 
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