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Abstract: A new device for enhancing the physicochemical properties of diesel fuel to improve the
combustion process and the operational and environmental performance of diesel power plants (DPP) of
agricultural machinery (AM). During regular operation, DPP indicators are decreased due to various
factors including the formation of carbon deposits on the surfaces of parts, causing AM to no longer
meet efficiency and environmental standards. The conducted analysis of the AM operation showed that
the thermal stress of the parts is increased as a result of forming carbon deposits in the combustion
chamber of the DPP. To address this issue, the proposal is to utilize a technical liquid (water) that will
be directed to the combustion chamber of the DPP. This process will effectively clean the surface of the
carbon deposits and prevent their future formation through the microwave action of the steam-air
mixture prepared in the intake manifold. For this purpose, a device has been developed to be installed on
board the SHT, integrated into the standard fuel system, allowing the preparation of watered diesel fuel.
As a result of complex dynamic processing, a highly dispersed emulsion is prepared from diesel fuel and
water, the combustion of which in the combustion chamber of the DSU allows for the complete removal
of the formed carbon deposit. The findings show that utilizing the developed device will improve the
operational and environmental performance of the DSU, increase the capacity of old equipment by up to
15%, reduce specific fuel consumption by up to 18%, and the soot content in the exhaust gases by up to
14%.

Keywords: Agricultural machinery, Carbon deposits, Diesel power plant, Operational and environmental performance.

1. Introduction

The development of the agro-industrial complex (AIC) directly depends on the state of the
agricultural enterprises (AE) that are part of it. The technical readiness of the machine and tractor fleet
(MTF) used at each enterprise affects the level of AE development. The level of development directly
depends on the technical readiness of each element of agricultural machinery (AE), which is part of the
MTTF system. Consequently, the level of operability of each mechanism, unit and part determines the
technical readiness of AE. It is worth noting that the most important unit of AE is the diesel power
plant (DPP), which includes complex mechanisms and parts [187].

During the daily operation of DPP, they are exposed to many factors (low quality of fuel and oils,
constantly changing operating modes, oxidation of lubricating oil and many others). These factors
ultimately lead to the formation of carbon deposits and deposits on the surface of pistons and other
parts. Moreover, it leads to the deterioration of fuel combustion and an increase in the compression
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ratio, which increases the average rate of pressure and leads to “rigidity” of the DEU operation and,
most importantly, a decrease in their operational and environmental performance [197.

Carbon deposits are products of incomplete combustion of fuel. Carbon deposits are also a good heat
insulator, the formation of which on the parts of the cylinder-piston group (CPG) and the gas
distribution mechanism (GRM) leads to a disruption of heat exchange and redistribution of heat flows.
The resulting decrease in piston temperature and increase in the temperature of the CPG liner
contributes to an increase in the thermal gap between the piston and the liner, resulting in a decrease in
compression. As a result, the performance of the DEU deteriorates, power decreases and fuel
consumption increases in all operating modes of the DEU, which will be especially evident in the SHT
with high mileage and service life [207.

Studies [17] have established that with a carbon deposit thickness of about 3 mm on the parts of the
crankshaft and gas distribution mechanism, an increase in pressure at the end of the compression stroke
by 8...10% is observed, which leads to an increase in the "rigidity" of the fuel combustion process (more
than 0.25...0.30 MPa) per 1o of the crankshaft rotation angle, as a result of which the eftective power of
the DEU decreases by 5-6%, and the specific fuel consumption increases by 3-4% compared to the
nominal values [27]. This is also explained by an increase in mechanical losses due to an increase in the
maximum cycle pressure by 16% and an average rate of pressure increase in the cylinder of up to 22%.
The thickness of the carbon deposit only increases over time, therefore, the above indicators will only
worsen. Cleaning DEU parts from carbon deposits is a complex and labor-intensive process and it is not
included in the list of works on technical maintenance of the SHT [37]. Thus, when the DEU has been in
operation for more than 2600 engine hours, the carbon deposits on the piston vary within the range of 1
to 2 mm and significantly reduce the operational and environmental performance of the DEU of the
currently used SHT models. In this regard, in order to improve these performance indicators of the
DEU, it is proposed to use watered diesel fuel (WDF), the preparation of which is advisable to carry out
directly on the equipment using a device developed for these purposes [47].

Water added to the combustion chamber during the intake and compression strokes (at
temperatures up to 500 °C) will initially sharply overheat into droplets of steam, which will move
chaotically and collide with the carbon deposit surface. With a further increase in temperature (over
1000 °C) during the power stroke (combustion), the steam particles will "micro-explode", which, when
exposed to the carbon deposit surface, will lead to the chipping oft of its micro-particles. This is the
process of microwave action of the steam-air mixture with the carbon deposit surface in the combustion
chamber of the DEU, leading to its gradual removal due to the resulting "micro-explosions" of steam
particles [57].

2. Materials and Working Methods

Thus, to solve the problem, it is necessary to analyze the methods and means for preparing ODT.

Currently, various mechanical devices are used to prepare water-fuel emulsions. Such devices are
built into the standard fuel system and process the entire volume of fuel that passes through it. At the
same time, the physical and chemical properties of the fuel are improved based on cavitation treatment
tormed when passing through the device. The analysis of these devices allowed us to identify the most
promising designs [6, 77, which were taken as a prototype of the developed more efficient device. The
basic diagram and main design elements of such a device are shown in Figures 1, 2.
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1 — outlet pipe; 2 — internal channels; 8 — sound camera; 4 — supply fitting; 5 — front cover; 6 —
slot channels in the rotor; 7 — rotor; 8 — body; 9 — oil seal; 10 — screw; 11 — bearing; 12 — rotor

shaft; 13 — inlet fitting; 14 — outlet fitting; 15 — impeller; 16 — rear cover
Figure 1.
Rotary-pulsation apparatus for the preparation of ODT.
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The device (rotary-pulsation apparatus) is improved by installing: at the inlet of the apparatus of the
dispenser-cavitator; on the rotor shaft of a rigidly mounted blade impeller; on the cover of the device of
the inlet and outlet pipes, the longitudinal axes of which are located in the plane passing through the
end of the blade impeller in its middle part, while the inlet pipe is connected to the external pump, and
the outlet pipe is connected to the inlet pipe of the apparatus. The proposed design ensures the mixing
of two mutually insoluble liquids (diesel fuel and water), which improves the dispersion and
homogenization of the prepared mixture with the minimum diameter of the crushed droplets of the

aqueous phase of no more than 2 um.

The model of the developed rotary-pulsation apparatus (RPA) was made in the automated design
system SolidWorks-2016 and Nero-2012. Based on the received drawings, the developed apparatus was

manufactured, the details of which are shown in Figure 2.
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1 - impeller; 2 - drive shaft; 8 - seal; 4 - bearing; 5 - rotor impeller; 6 - rotor; 7 - additional
cavitator; 8 - stator; 9 - outlet nozzle; 10 - housing; 11 - cover; 12 - nozzles

Figure 2.
RPA parts manufactured according to the developed drawings.

The rotary-pulsation device consists of working bodies made in the form of a rotor 16 and a stator
2, located in housing 1, the rotor is rigidly fixed with a screw 10 to the shaft 13 and rotates on two
bearings 8. The bladed impeller 21 is rigidly mounted on the rotor shaft 13 using a screw 15 and is
designed to drive the rotor shaft by using a liquid jet, which is supplied under pressure by an external
pump. On cover 20 of housing 1, the inlet 9 and outlet pipes 17 are installed, the longitudinal axes of
which are located in the plane passing through the end of the impeller blade in its middle part, wherein
the inlet pipe is connected to the pump, and the outlet pipe is connected to the inlet pipe of the device.
The inlet pipe 9 is intended for supplying the processed liquid components to the impeller blades, and
the outlet pipe 17 is intended for removing the processed liquid components from the impeller blade.
The inner space of the housing 1 is sealed with a gland 6. The housing 1 is a cylindrical cavity and has
an outlet pipe 11 and an inlet pipe 12. The rotor 16 is made in the form of a disk, on the working surface
of which there are inlet blades 38 of the pump, the outlet blades 5 of the pump are arranged in rows along
concentric circles, consisting of protrusions and depressions. The inlet blades 3 of the pump are made
together with the rotor and have a flat rectangular shape, their number should be no less than the
number of depressions on the rotor. The inlet blades 3 of the pump are intended for feeding the VDS
components to the toothed elements 4 of the stator and 5 of the rotors. The stator 2 is made in the form
of a disk, on the working surface of which toothed elements 5 are made, which are outlet blades located
in rows along concentric circles and consisting of projections and depressions, wherein each row of the
toothed element 4 of the stator 2 is covered by a row of the toothed element 5 and are also made in three
rows and in two stages. The outlet blades 5 of the pump are necessary for moving the processed VDS
from the toothed elements 5 of the rotor 16 and the stator 2 to the outlet pipe 11, and the greater the
thickness of the outlet blade 5 of the pump, the greater the pressure. The toothed elements 5 of the rotor
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16 are arranged circumferentially in three rows and in two stages, this is necessary for a high degree of
processing in one pass, and the protrusions and depressions of each subsequent row are shifted
circumferentially relative to the previous row to exclude transit movement of the unprocessed product,
which allows obtaining high degrees of dispersion and homogenization. At the entrance to the device in
the stator 2, an additional cavitator 14 is attached, which consists of an inlet pipe 12 passing into tube
18.

The rotary-pulsation apparatus with a drive operates as follows. Fuel is supplied under pressure
developed by an external pump into the inlet pipe 9 and sets in rotation the blade impeller 21 rigidly
fixed on the shaft 13 of the rotor and, accordingly, the rotor 16 itself. Thus, the energy of the liquid jet
is used to drive the shaft 13 of the rotor 16. Then the liquid is supplied by the blade impeller 21 through
the outlet pipe 17 and the inlet pipe 12 to the inlet blades 3 of the rotor 16, which, due to centrifugal and
translational forces, direct the liquid to the toothed elements 5 and 4 and push them through the cavities
of the toothed elements to the outlet blades 5 of the pump. During rotation, frequent overlapping of the
grooves of the toothed elements of the stator and rotor occurs, while the supplied components of the
liquid are exposed to mechanical, cavitation, and pulsation phenomena arising during turbulent motion,
which ensures the production of a dispersed and homogenized mixture of the processed components.
The outlet blade 8 of the pump imparts kinetic energy to the liquid and removes it through the outlet
pipe 11.

The developed device ensures the preparation of the ODT of the required formulation and
dispersion with its simultaneous supply to the standard fuel system of the DEU, without changing the
design of the latter.

Considering that the ODT is prepared without an expensive emulsifier, the developed device should
be installed in the underhood space of the SHT parallel to the standard fuel system of the DEU without
significantly changing its design. The design diagram of the main elements intended for the preparation
of ODT in the DEU power supply system is shown in Figure 3.

Y"\_ ® 19 .

Tine: =R,
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Figure 3.
Schematic diagram of the main elements intended for the preparation of ODT in the
DEU fuel system.

All elements are mounted on the SHT and include a fuel tank 1, from which fuel is taken through a
tuel hose 10 by the first additional pump 4 and fed to the dispenser 5, connected through a liquid valve
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19 to a liquid tank 2. The water tank has a jacket that is connected to the DEU exhaust system 23, as a
result of which the water is heated, which ensures uninterrupted operation of the system during the
winter period of operation. At the end of the dispenser, there is a vacuum chamber 13, regulating the
water supply depending on the load on the DEU and connected through a vacuum tube 12 to the intake
manifold 11 of the DEU. The dispenser 5 is a jet-cavitation ejector, which is connected via a fuel hose 10
to a mixing tank 8, which has a shut-oft needle 14 with a float 15 for adjusting the level of the ODT.
Then the ODT of coarse dispersion is taken from the mixing tank 8 by the second additional fuel pump
6 and fed to the RPA 8. The rotary-pulsation apparatus is driven into rotation by the stream of passing
tuel and has a fixed shaft rotation frequency, then the resulting ODT is fed back to the mixing tank 3.
Thus, there is a constant mixing of the ODT located in mixing tank 8, in which a stable and highly
dispersed ODT is formed. Mixing tank 38 has a liquid jacket that is connected to the cooling system of
the DEU 9, as a result of which the ODT in mixing tank 3 is heated to the required temperature (50...60
°C). Then the prepared ODT is taken by the standard fuel pump 18 and fed through the fuel hose 10 to
the power supply system of the DEU 9. The control unit 21, depending on the operating temperature of
the DEU, controls the liquid valve 19 and the second additional fuel pump 6, depending on the ODT
processing time, turns them on and off.

The complex of these devices operates as follows.

1. When starting the DEU, fuel from fuel tank 1 through the fuel line 10 is taken by the first
additional pump 4 and fed through the dispenser 5, the liquid valve 19 into the mixing tank 3. Together
with the fuel, a metered amount of water is taken. Then the standard fuel pump 18 takes fuel through
the intake pipe and feeds it to the DEU 9.

2. When the DEU warms up to the operating temperature, control unit 21 receives information
from the temperature sensor and opens valve 19 and the second additional fuel pump 6 is switched on,
while the first additional pump 4 supplies fuel under pressure to the dispenser 5. The vacuum in the
intake manifold of the DEU 11 is transmitted to the vacuum chamber 13 of the dispenser 5, which
regulates the supply of water taken by the fuel stream passing under pressure. Then, the coarse-
dispersed ODT obtained in dispenser 5 enters mixing tank 3, in which, as it is filled with the mixture,
float 15 floats up and, acting on the shut-off needle 14, shuts oft the supply of ODT to the tank 3,
thereby ensuring a constant level. At this point, the first additional pump 4 is automatically switched off.
Then, from mixing tank 3, the ODT is taken by the second additional fuel pump 6 and fed to RPA 8,
where the water in the diesel fuel is crushed, and mixed, and the resulting finely dispersed ODT is fed
back to the mixing tank 3. After that, the ODT is taken from the mixing tank 8 by the standard fuel
pump 18, through the fuel hose 10 and fed to the DEU 9.

3. When the DEU is stopped when the ODT is used without an emulsifier, then during the
stratification of water from the ODT in the mixing tank 3, a mixture of water and heavy hydrocarbons
accumulates at the bottom of the tank 3, which is mixed in the ODT during the next start. The basic
diagram of the developed RPA is shown in Figure 4.
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1 - outlet pipe; 2 - internal channels; 3 - sound chamber; 4 - feed nozzle; 5 - front cover; 6 -
slotted channels in the rotor; 7 - rotor; 8 - housing; 9 - gland; 10 - screw; 11 - bearing; 12 - rotor
shaft; 13 - inlet nozzle; 14 - outlet nozzle; 15 - impeller; 16 - rear cover

Figure 4.
Schematic diagram of the developed device.

Since this device is proposed to be used directly on board the SHT, then to reduce the costs spent on
its drive, a device design with a drive from the stream of the processed liquid is proposed, so as not to
use an electric drive. Therefore, an additional section with an impeller 15 is installed in the design of the
device, which allows for the drive from the stream of passing liquid. In this case, the rotor speed will
depend on the pressure of the stream created by the feed pump.

The schematic diagram of the device's drive design is shown in Figure 5.
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1 — impeller blade; V1 — fluid velocity (fuel emulsion); PH — supply pump pressure; d — internal diameter
of the inlet pipe; 1 is the length of the inlet pipe; Q — fluid flow through the inlet pipe; Vchambers — the
volume of one impeller chamber; w — angular speed of the impeller; b — width of the impeller blade; h —
height of the impeller blade; r — radius of the impeller hub (disk); s — impeller blade thickness

Figure 5.
The schematic diagram of the device's drive design.

The rotor drive of the device is a hydraulic turbine, in which the working element (a wheel with
blades or an impeller) receives energy from the liquid coming from the pump into the inlet branch pipe 5
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and converts it into mechanical energy of rotation of the shaft 6 of the device. The task of calculating
the rotor drive is to determine the dependence of the impeller speed (n) on the dimensions of the wheel
with blades (a, b, h, s, r), the internal diameter (d) and length (1) of the inlet branch pipe and the pressure
of the feed pump (Pn). The resulting mathematical relationship allows us to determine the overall
dimensions of the impeller to ensure the required rotation frequency of the rotor of the device.

The rotor impeller receives kinetic energy from the liquid entering the inlet pipe from the pump and
converts it into mechanical energy of rotation of the device drive shaft. The liquid, under the influence
of pressure H, is supplied at high speed to the nozzle nozzle in the form of a jet, which then hits the
impeller blades, giving the rotor additional rotation. The speed will be determined by the formula
[8,9,107:

V, = py20H,
(1)

Where ? - speed coefficient for the nozzle equal to 0.98...0.99.

At the angular speed of rotation of the impeller @ power N

through the blades of the impeller to the shaft, equal to
N = Mw. (2)

Moment of external force M on the rotor shaft is determined as the product of this force F tothe

, the power transferred by the liquid

shaft radius r,, so that Mw=Far,, @, =U, - peripheral speed on the shaft. After

8

transformation we get the expression:

N =Fu,. (3)

In order to improve the functioning of this device, it is necessary that the passing stream of the
liquid component transfer its energy directly to the drive impeller as efficiently as possible. This is

possible when the speed Vc the jet at the outlet of the apparatus will become equal to or approach the

speed of the drive impeller, T.e. Vc =u, .

The force of interaction between a liquid jet and a flat impeller blade will be determined by the
expression [117:

2 2
Vc :275Vc )
29 29

where 0 —is the density of the liquid, kg/m? g_ gravity acceleration, m/sec? - specific gravity

F =295 (4)

of liquid, N/m?, r=m ; S — jet cross-sectional area, m®.
2

Let us accept H = 2—0, then the impact force can be expressed in terms of pressure and hydrostatic

pressure P :

Then the power developed by the impeller will be equal to:

N =Fu, =2pSu, =2pSV, =2pSar,. (6)
On the other hand, the power of the impeller can be expressed in terms of the kinetic energ

impeller £, per unit of time T [127:
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E J ®
-t "

Where J — moment of inertia of the impeller, kg m®*; @ — angular speed of rotation of the impeller,

s”'. The moment of inertia of the impeller is the sum of the moment of inertia of the impeller disk J,

and moment of inertia of the blades J , quantity N :

J,=J,+NJ,. (8)
Moment of inertia J, impeller disk radius r corresponds to [187:

J, =mr?, ©)

Where M, — disk weight, kg ; M, = p7r D . Then we get :

J, =mr? = par®or? = parh. (10)

The impeller blade has a rectangular shape (FFigure 2), then the moment of inertia of a rectangle with
base b and height h relative to the central axis is determined [ 147:
h

2 ) bh3
Jip = J;y bdy:a- (11)

2

Moment of inertia of the impeller blade relative to the central axis Z determined by Steiner’s
theorem [157:

lbh®* (h)’
anz = E +(E} -m,, (12)

Where m,— weight of the impeller blade, kg; M, = phbsl.
Then the moment of inertia of the impeller blade is determined:

lbh® (hY’
Jﬂ = anz = E +(E] phbSl. (13)

Substituting expressions (10) and (13) into expression (8), we determine the moment of inertia of the
impeller:

3 2 3 2
J,=3,+NJ, =par’b+N &{EJ phbs, = pb| zr* + Nhs; 1/%%5) . (19

12 2 2
Then the kinetic energy of the impeller will be:
1,0 o e (hY
_Tw® o ph ar* + Nhs, LUSTLAN (15)
v 2 2 12 (2

We substitute expression (15) into (7) and equate it with expression (6):

2 3 2
2pSar, = “’Zfb art + Nhsl[ bh” +(Ej J .
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or
bh® h?
tpSr, = wpb| ar* + Nhs | ,[— +— || (16)
12 4
We determine the angular speed of rotation of the impeller:
Sr.t
W= P, ,
lbh®  h? (17)
4
ar” +Nhs,| \[— +
w V12 4
ﬂdz
where P — the fluid pressure in the inlet pipe, N/m?; S — cross-sectional area of the Jjet, m®, S= T

. d — diameter of the inlet pipe, m; I', — radius of the impeller shaft, m; © — liquid density, kg/m?; b—
impeller width, m; I — radius of the impeller hub, m; N — number of impeller blades, pcs.; h— height of

the impeller blade, m; S; — thickness of the impeller blade, m.

. m
Assuming that @ = —, sec™
30

and N = 300

, Tpm, you can write the expression:

30pSr.t 7.5pd?rt
- pSr, _ PC T, . (18)

bh® h? bh® h?
ar* +Nhs,| |- +—— ar* +Nhs,| |- +——
7 Wi Ta | A V12 "4

The resulting mathematical relationship shows that the number of revolutions of the impeller (rotor
shaft) is directly proportional to the fluid pressure in the inlet pipe, the diameter of the inlet pipe, the
radius of the impeller shaft and inversely proportional to the density of the impeller material and its
geometric dimensions.

Then, by carrying out appropriate calculations, the main structural dimensions of the device were
determined, after which it was manufactured in metal. The proposed design does not require large
material costs for manufacturing, since standard industrially manufactured parts are used.

After that, a detailed study was carried out of the working process of a 4-stroke diesel power plant
(YaMZ-236D-3) when operating on an ODT prepared by the developed device, in a wide range of load
conditions.

For this purpose, the developed device was built into the standard power supply system of the diesel
engine according to the diagram presented in Figure 6.
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Figure 6.
External appearance of the experimental setup.

To conduct the research, the developed device was built into the standard power supply system of
the DEU, according to the diagram in Figure 3. At the same time, in order not to worsen the
operational and environmental performance of the DEU, it is proposed to supply water to diesel fuel no
more than 5% of the fuel consumption. The experimental setup is a KI-5540 load stand with a diesel
power plant (YaMZ-236D-3) installed on it. In addition to standard measuring instruments, this setup
allows for the removal of indicator diagrams and recording of fuel pressure in front of the nozzle, needle
lift of the nozzles, exhaust gas smoke, etc. The study was conducted at the most typical operating speed
modes (n = 1000 ... 1900 min-1) and in the entire range of load changes. The determining factor in the
operation of the DEU at partial loads is a decrease in the supply of ODT with an almost unchanged
amount of air charge.

In this regard, the main feature of the working process of the DEU (YaMZ-236D-3) when working
on the ODT, in this case, is a significant total excess of air during combustion. At idle speed of the
DEU, the excess air coefficient can reach (a = 0.8 ... 1.0). The second feature is a decrease in the amount
of heat released, in connection with this, a decrease in the temperature of the engine parts due to the
high heat capacity of the water contained in the ODT, which takes part of the heat from the heated parts
of the DEU for its own heating. Reducing the load significantly affects the process of filling the
cylinders, an insignificant increase in the filling coefficient is due to a decrease in air heating at the inlet
to the DEU. There is also an insignificant effect of the load on the compression process, the main effect
is exerted by an increase in the excess air coefficient (), which is determined during the combustion
process [167].

Figure 7 shows graphs illustrating the dependence of the main indicators of the working process of
the DEU (YaMZ-236D-3) on the amount of ODT supply (with a water content of up to 5%).
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Figure 7.
Dependence of the operating process indicators of the DEU (YaMZ-236D-3) when operating
on the ODT.

As follows from these graphs, presented in Figure 7, the ignition delay of the ODT weakly depends
on the load, although there is a tendency for the fuel injection advance angle (i) to increase with a
decrease in the ODT supply. The duration of the period of a sharp increase in pressure with a decrease
in load is reduced, and the maximum flash pressure Pz and the “rigidity” of the combustion process
(AP/A@max) do not decrease significantly.

Thus, at n = 1300...1900 min-1, a significant decrease in load causes a decrease in Pz by only 4...5
kg/cm2, and the “rigidity” of the combustion process (AP/A¢@max) does not change significantly when
the DEU is operating on the ODT. The ratio Pz / Pi increases significantly.

Thus, with a decrease in load, the mechanical stress of the DEU parts (YaMZ-236D-3) practically
does not decrease. Even at low loads, the DEU on the ODT operates under conditions where the flash
pressure and the “rigidity” of the combustion process are almost equivalent to the pressure and rigidity
in the maximum load mode.

Figure 8 shows the dependence of the indicated (ni), effective (ne) and mechanical (nm) efficiency,
excess air coefficient () and exhaust smoke (D, %) of the DEU (YaMZ-236D-3) on the ODT feed value.
The economic qualities of the working process occurring in the combustion chamber of the DEU
(YaMZ-236D-3) decrease with a decrease in the supply of ODT (with a water content of up to 5%).
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Figure 8.
Dependence of indicator (ni), effective (ne) and mechanical (nm) efficiency,

excess air coefficient (a) and exhaust gas opacity (D, %) of a diesel engine
(YaMZ-236D-3) on the amount of ODT supply.

From the graph in Figure 5 it is clear that the indicator (ni) efficiency factor (efficiency) increases
when qt is reduced to 35...40 mm®/cycle. With a further decrease in the ODT supply, which practically
corresponds to the idle speed of a diesel engine, Ni decreases significantly. An increase in ni with a
decrease in load ensures fairly high values of the effective efficiency - ne, as well as its flat change,
despite the decrease in mechanical efficiency - nt. This is a positive feature of the operation of a diesel
diesel engine (YaMZ-236D-3) on the ODT at partial loads. An increase in Mi with increasing « is
possible due to a reduction in the combustion time of ODT due to the addition of water to the
combustion zone [17].

To confirm this issue, it 1s advisable to consider the balance of heat losses, in which the theoretical

efficiency - (NT) is calculated for a cycle with heat supply V = const and with a variable heat capacity.
The heat loss balance takes into account work losses due to various reasons.

Q},]), = deg + Qoxa + Gnpe, (19)
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where q,, — loss of useful work in the cylinder; qu; — losses of useful work associated with
imperfections in the dynamics of the combustion process; qox: — loss of useful work due to heat transfer
and non-burnout of emulsified fuel; g, — losses of useful work associated with losses in output.

These losses, expressed in kJ, related to the total amount of heat introduced into the cycle are
graphically presented in Figure 6.

Nr
i

q
0,6

- \\

10 30 50 70

dm mm3/cycle

Figure 9.
Graphical dependence of the loss balance for different ODT supply at n = 1500 min-.

Analysis of the graph presented in Figure 6 allows us to establish that the main reason for the
increase in indicator efficiency (1;) with a decrease in the supply of ODT is the increase in the efficiency
of the theoretical cycle (1) determined by the decrease in the heat capacity of the working fluid due to a
drop in the cycle temperature (due to the addition of air mixture of water) and saturation of combustion
products with diatomic gas (CO,).

It is also clear from the graph in Figure 6 that the reason for the drop in ni when supplying ODT is
less than 30 mm®/cycle is a sharp deterioration in the combustion process of such fuel.

A reduction in combustion duration, expressed in a decrease in qusg, 1S also observed when the load is
reduced to certain limits and is the second reason for the increase in indicator efficiency (1), but its
quantitative effect on 7); is estimated on average at 1..2%. The third reason for the increase in 7, is the
increase in the completeness of combustion of the ODT due to the addition of a small amount of water
(less than 5%), as evidenced by a decrease in the opacity of exhaust gases with a decrease in fuel supply
[1s7.

The obtained smoke measurement values of the DEU (YaMZ-236D-3) are presented in Table 1.
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Table 1.

Results of smoke measurement of DEU (YaMZ-236D-3).
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Ne Results of the obtained values
tests Measurements obtained when operating | Measurements obtained during the
a diesel engine using conventional operation of the Daewoo on the ODT
diesel fuel
Ko N %) Kor) N
1 4,08 74,69 3,93 73,63
2 3,94 75,58 3,36 74,37
3 3,89 81,42 3,78 80,37
4 4,01 75,64 3,89 73,9
5 3,97 75,87 3,71 74,63
Average 3,968 76,64 3,734 75,36
value

An analysis of the results of measuring the opacity of a diesel engine (YaMZ-236D-3) when
operating on a conventional and ODT showed that there was a decrease in the opacity determined in
units of the absorption coefficient (K) by almost 6%, and the opacity expressed in units of the
attenuation coefficient (N) by almost 3%. The results obtained are due to the chemical activity of water
contained in the ODT.

Thus, the developed device has demonstrated its operability, which allows us to conclude that the
operation of the DEU on the ODT (with a water content of less than 5%) does not lead to a significant
deterioration in the combustion dynamics of this fuel and it can be recommended for use on samples of
the SHT. Next, the thickness of the carbon deposits on the DEU parts was assessed when operating on
the ODT by partially disassembling it associated with removing the cylinder head and measuring the
thickness of the carbon deposits before and after using the ODT. The appearance of the process of
partial disassembly of the DEU (YaMZ-236D-3) is shown in Figure 10.

After this the thickness of the carbon deposits was measured, which is shown in Figure 11.

Figure 10.

External view of the process of partial disassembly of the DEU (YaMZ-

236D-3).
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a) before using the ODT; b) after 1.5 hours of operation
of the DEU on the ODT; c) after 3 hours of operation of

the DEU on the ODT.

Figure 11.
External appearance of pistons and measurement of the thickness of
carbon deposits.

The results of measurements of the thickness of carbon deposits are presented in Table 2.

Table 2.

Results of measurements of the thickness of carbon deposits.

Average thickness of carbon

N Operation designation deposits on the piston bottom,
n/n
mm
1 Before using ODT 1,72
2 After 1.5 hours of DEU operation on ODT 0,24
3 After 3.0 hours of DEU operation on ODT is completely absent

The obtained results allow us to conclude that after 3 hours of operation of the DEU on the ODT,
its parts were completely cleaned of carbon deposits. Then, the external speed characteristics of the
bench DEU (after 8 hours of operation of the DEU on the ODT) were determined, which are presented

in Figure 12.
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Figure 12.
External speed characteristic of the DEU (YaMZ-236D-3).

A comparative analysis of the graphical dependencies (curves) presented in Figure 12 shows that
when the DEU operates on the ODT with the addition of a small amount of water (up to 5%) supplied
to the combustion chamber after 3 hours of operation, the power of the DEU increased to 16%, the
specific effective fuel consumption decreased to 18%.

3. Conclusions

the introduction of the developed technical device for the preparation of the ODT had a positive eftect
on the operation of the DEU, since all indicators improved, that is, the piston rings were decarbonized
as a result of the complete cleaning of the crank mechanism and timing belt parts from carbon deposits.
Consequently,, the developed device has shown its performance; the operation of a diesel engine on an
ODT (with a water content of less than 5%) does not lead to a significant deterioration in the dynamics
of the combustion process of this fuel and it can be recommended for use on SHT samples.
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