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Increasing the efficiency of operation of agricultural
machinery by improving the diesel engine power supply
system

The article explores the possibilities of increasing the efficiency of automotive equipment by
modernizing the diesel engine power supply system to ensure its operation according to the gas-diesel cycle. The
prospects for using natural gas as an alternative component of motor fuel are considered, which allows reducing
diesel fuel consumption, reducing the cost of operating vehicles and increasing their fuel efficiency. The
principles of operation of diesel engines with combined fuel supply are analyzed, the design features of the
standard power supply system are determined, and the advantages and possible limitations of using the gas-
diesel operating mode are assessed. An analysis of modern technical solutions for the conversion of diesel
engines proposed by domestic and foreign developers is performed. It is established that the implementation of a
modernized power supply system will contribute to increasing the fuel efficiency of automotive equipment,
reducing the negative impact on the environment by reducing harmful emissions and improving the technical and
economic performance of vehicle operation, in particular in the conditions of the agro-industrial complex.
energy efficiency, agro-industrial complex, vehicles, diesel engine, power system, gas-diesel cycle, natural
gas, fuel economy, modernization, operational efficiency

Problem statement. The efficiency of operation of automotive equipment used in the
agro-industrial complex is largely determined by the cost of fuel and energy resources, the
reliability of power units and environmental performance of vehicles. The constant increase in
the cost of diesel fuel, the need to reduce the cost of transport operations and increase the
energy efficiency of vehicles necessitate the search for alternative ways to organize the
process of powering diesel engines [1].

One of the most promising areas is the use of a gas-diesel cycle, in which part of the
diesel fuel is replaced by natural or liquefied petroleum gas, and diesel fuel performs the
function of an ignition dose [2-4]. This approach allows you to reduce diesel fuel
consumption, reduce operating costs and improve the environmental performance of the
engine without significant intervention in its basic design.

At the same time, existing gas-diesel systems are characterized by insufficient
adaptation to different engine load modes, the complexity of coordinating the supply of diesel
and gas fuel, as well as the need to ensure reliability, safety and stability of the combustion
process. The effectiveness of their application largely depends on the design features of the
power supply system and the control algorithms for the supply of both types of fuel [5].

In this regard, an urgent scientific and practical task is to improve the power supply
system of a diesel engine to operate on a gas-diesel cycle, which will ensure increased fuel
efficiency and operational efficiency of vehicles of the agro-industrial complex.

Analysis of recent research and publications. The issue of increasing the energy
efficiency of diesel engines through the use of alternative fuels is one of the priority areas of
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modern research in the field of road transport and agricultural engineering. A significant
number of scientific works are devoted to improving the power supply systems of diesel
engines, studying the processes of mixture formation, ensuring stable combustion of the fuel
mixture and increasing fuel efficiency by partially replacing diesel fuel with natural or
liquefied petroleum gas [6-8]. In the works of Ukrainian scientists, considerable attention is
paid to the development of gas-diesel power systems for diesel engines in operation. Studies
show that the use of microprocessor control of gas fuel supply makes it possible to increase
the fuel efficiency of the engine, reduce the toxicity of exhaust gases and expand the fuel base
of vehicles without significantly changing the design of the power unit [9-11].

Analysis of modern technical solutions shows that the most widespread electronic
systems are STAG Diesel, Landi Renzo Diesel Dual Fuel, Prins Dual-Fuel HD, AEB MP48
DF, Autogas Italia DDF, ELPIGAZ DEGAmix, ALEX Diesel and Blue Power Diesel, which
provide partial replacement of diesel fuel with gas while maintaining the standard diesel fuel
system. The main advantage of such systems is the possibility of upgrading serial diesel
engines without their deep structural modification, as well as the possibility of operating the
engine in both gas-diesel and traditional diesel modes.

At the same time, the analysis of literary sources shows that the efficiency of existing
systems largely depends on the accuracy of gas fuel dosing, the consistency of the operation
of gas and diesel subsystems, the engine load mode, the quality of the electronic control unit
settings and the technical condition of the fuel equipment [12]. The greatest economic effect
is achieved during engine operation at medium and high loads, while at low loads and
transient modes there is a need to limit the gas supply to ensure a stable combustion process
and preserve the engine resource.

Therefore, despite a significant amount of scientific research and practical
developments, the issue of improving the diesel engine power supply system, which will
provide the optimal ratio of diesel and gas fuel in a wide range of operating modes, remains
relevant, which determines the direction of this study.

Task statement. The purpose of the study is to increase the efficiency of operation of
vehicles of the agro-industrial complex by improving the diesel engine power supply system
for operation on the gas-diesel cycle. Achieving the set goal involves reducing diesel fuel
consumption, increasing fuel efficiency and ensuring stable engine operation when using two-
component fuel.

To achieve the set goal, it is necessary to solve the following tasks:

e analyze the features of the functioning of diesel engines when operating on the
gas-diesel cycle and determine the factors that affect their fuel efficiency and operational
efficiency;

e investigate existing design solutions for diesel engine power supply systems for
operation on a mixture of diesel and gas fuel, determine their advantages, disadvantages and
possibilities of application in the conditions of the agro-industrial complex;

e substantiate the design scheme of an improved diesel engine power supply system
that provides a coordinated supply of diesel and gas fuel depending on the engine operating
mode;

e assess the impact of the proposed system on fuel economy, operational efficiency
and the possibility of practical use of vehicles in the conditions of the agro-industrial
complex.

Presentation of the main material. One of the most promising directions for
increasing the efficiency of operation of vehicles of the agro-industrial complex is the use of
alternative types of motor fuel without significantly changing the design of the base engine.
The most appropriate solution for diesel engines is the use of a gas-diesel cycle, in which part
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of the energy required for engine operation is provided by natural gas, and diesel fuel is used
only as an ignition portion. This approach allows you to preserve all the advantages of a
diesel engine, in particular, a high efficiency, significant torque and reliability of ignition of
the fuel mixture, while simultaneously reducing the consumption of expensive diesel fuel and
operating costs of the vehicle. [13,14].

The MAN TGA 33.480 truck equipped with a six-cylinder MAN D2066 diesel engine
with a Common Rail injection system was taken as the basic object of the study. The choice
of this particular vehicle was due to its wide use in transport provision of the agro-industrial
complex, high operational loads and significant annual consumption of diesel fuel. Using such
a vehicle as an object of modernization allows for the most complete assessment of the
effectiveness of the gas-diesel power system.

The main purpose of the development is to create a combined power system that
ensures engine operation both in normal diesel mode and in the mode of partial replacement
of diesel fuel with compressed natural gas. In this case, the standard fuel equipment does not
undergo structural changes, but is supplemented by a gas subsystem that provides a metered
supply of natural gas depending on the engine load.

The structural diagram of the proposed system is shown in (Fig. 1). It consists of a
standard Common Rail diesel system, cylinders for storing compressed natural gas, a
multivalve, a refueling device, a high-pressure reducer, a gas filter, a solenoid valve, gas
nozzles, pressure and temperature sensors, and an electronic control unit. The gas subsystem
is integrated into the engine intake tract without changing the design of the combustion
chamber.

Figure 1 — Diagram of the power supply system of a MAN 2066 diesel engine adapted
to operate on a gas-diesel cycle

The principle of operation of the system is that after starting the engine, its operation is
carried out exclusively on diesel fuel. After reaching the required coolant temperature, the
electronic control unit switches the engine to gas-diesel mode. Gas from the cylinders enters
through a reducer, in which the pressure is reduced to the operating value, after which it is fed
into the intake manifold through gas nozzles. Diesel fuel, as before, is injected directly into
the cylinder by standard nozzles in an amount sufficient for self-ignition. After the ignition of
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the diesel ignition portion, the combustion of the previously prepared gas-air mixture occurs.
The electronic control unit constantly monitors the crankshaft rotation speed, engine load,
temperature, gas pressure and other parameters, ensuring the optimal ratio between diesel and
gas fuel. Unlike the complete conversion of a diesel engine into a gas engine, the proposed
system does not require changing the compression ratio, the design of the piston group or the
installation of a forced ignition system. This significantly simplifies the modernization of the
car, reduces its cost and provides the possibility of a quick return to the traditional diesel
mode of operation.

To assess the effectiveness of the proposed design, design and technological
calculations were performed. The main indicator is the coefficient of substitution of diesel
fuel with natural gas:

Q
Q,’

where K, — diesel fuel substitution coefficient; Q,— amount of energy coming from natural

K, =

gas, MJ; Q,— the amount of energy coming from diesel fuel, MJ.
In the calculations carried out, it was assumed:
K, =0,30,

i.e. 30% of the energy is provided by natural gas and 70% by diesel fuel. This ratio is optimal
in terms of ensuring stable ignition of the mixture and preventing detonation processes.
The annual consumption of diesel fuel after conversion is determined by the formula

ng:Qd *(I—KZ),
where Q,, — diesel fuel consumption after conversion, L; Q, — diesel fuel consumption

before conversion, L.
Provided that
Q,=24108 L,

we will get
Q,, =24108 - (1 -0,30)=16876 L.
The annual diesel fuel savings are determined by the expression
ng :Qd * (1 - KZ)
After substituting the numerical values, we have
AQ =24108 — 16876 =7232 L.

Therefore, the use of a gas-diesel system ensures a reduction in diesel fuel consumption by
7232 liters per year.

To assess fuel efficiency, the residual diesel fuel consumption coefficient was
determined:

Ke,f% :
Q,
After substitution we get
K, =16876/24108 = 0,70.

The diesel fuel economy coefficient is determined by the dependence
Ked :1 _Kek

From here
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K, =1-0,70=10,30.
Thus, the modernization of the power supply system allows you to reduce diesel fuel
consumption by approximately 30%.

The economic effect of using a gas-diesel system is determined by the formula

E=B-B,,
where B,—annual fuel costs before modernization, a.u.; B,—annual costs after modernization,

a.u.
According to the results of the calculations
B, =1325940 a.u.;

B, = 1205876 a.u.

Then
E=1325940 — 1205876 = 120064 a.u.
The relative reduction in fuel costs is determined by the formula

n= (Ej *100% .
Bl
After substituting the values, we get
n = (120064 / 1325940) - 100 = 9,1 %.

The results obtained show that even with partial replacement of diesel fuel with

natural gas, a noticeable economic effect is provided, especially for vehicles with high annual
mileage.
An additional advantage of the proposed system is the improvement of environmental
performance. Natural gas is characterized by a higher hydrogen content and a lower amount
of heavy hydrocarbons compared to diesel fuel, which ensures more complete combustion of
the fuel-air mixture. As a result, the smoke of exhaust gases, the concentration of particulate
matter and other products of incomplete combustion are reduced.

The efficiency of the gas-diesel system largely depends on the engine load mode. The
best results are achieved at medium and high loads, when favorable conditions for complete
combustion of the gas-air mixture are provided. At low loads and idle, the proportion of gas
fuel should be limited, which prevents unstable combustion and ensures reliable engine
operation. That is why the electronic control unit continuously adjusts the gas supply in
accordance with the current engine operating mode.

Thus, the performed design and theoretical calculations confirm that the proposed
diesel engine power supply system for operation on the gas-diesel cycle is technically feasible
and economically feasible. The use of a combined system, the design of which is shown in
(Fig. 1), allows, without changing the basic engine design, to provide partial replacement of
diesel fuel with natural gas, reduce its annual consumption by 7232 L, reduce fuel
consumption by approximately 9.1%, and also improve the environmental performance of
vehicles. This confirms the prospects of using the proposed system on trucks of the agro-
industrial complex.

Conclusions. As a result of the research, it was established that the use of the gas-
diesel cycle is one of the most effective ways to increase the energy efficiency of vehicles in
the agro-industrial complex. An analysis of the features of the operation of diesel engines
showed that partial replacement of diesel fuel with natural gas allows for a stable work
process without making significant structural changes to the base engine.

The analysis of modern domestic and foreign gas-diesel power systems confirmed that the
most promising are electronically controlled gas fuel dosing systems that provide automatic
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regulation of its supply depending on the engine operating mode. At the same time, it was
established that existing systems need to be improved to ensure the accuracy of gas dosing
and optimize the joint operation of the gas and diesel subsystems.

The design scheme of an improved diesel engine power system is substantiated, which
involves the integration of the gas subsystem with the standard Common Rail system without
changing the engine design. The proposed technical solution provides automated natural gas
supply in accordance with the engine load and the implementation of the gas-diesel cycle
while maintaining the possibility of operating the vehicle in traditional diesel mode.

The theoretical calculations performed confirmed the effectiveness of the proposed
system. It was established that with a diesel fuel substitution coefficient of 30%, the annual
diesel fuel savings are 7232 liters, and fuel costs are reduced by approximately 9.1%, which
provides an annual economic effect of 120064 a.u. The results obtained confirm the technical
feasibility and economic efficiency of using the proposed power system on vehicles of the
agro-industrial complex.
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HinBumenHss egeKTUBHOCTI eKcIuryatanii aBToMO00iIbHOI TexHiku AIIK muisixom

YAOCKOHAJCHHA CUCTEMH KUBJICHHA TU3E€JIbHOI0 IBUI'YHA

VY crarti po3MISHYTO NHTaHHS IJBHIICHHS e(EeKTHBHOCTI eKCIulyaTaiii aBTOMOOULIBHOI TEXHIKU
arpornpoMucCIOBOro KOMIUICKCY HUIAXOM YJAOCKOHAJICHHSA CUCTEMU KUBJICHHA AWU3CJIBHOI'O ABUT'YHA JJId p06OTI/l
3a ra3oAu3esbHUM HUKIOM. OOIpYHTOBaHO IOLIIBHICTh BHKOPUCTAHHS HPUPOJHOTO ra3y SK JOJATKOBOTO
MOTOPHOTO MaJMBa Ul 3MEHIIEHHs CIIOXXMBAaHHS JU3EJIbHOTO INMalMBa, IMiIBUIIEHHS HMaJHMBHOI €KOHOMIYHOCTI,
CKOPOYEHHS eKCILTyaTallifHUX BUTPAT 1 HOKPAIIEHHS €KOJIOTTYHNX OKA3HHUKIB TPAHCIIOPTHHUX 3ac00iB.

[IpoBeneHo aHami3 cydacHHX MiAXOIB O TMEpPeOONaJHAHHS AW3CIBHHUX IBUTYHIB JJIS POOOTH 3a
Ta30U3eIbHAM [UKIOM Ta JOCHTIIHKEHO KOHCTPYKTHBHI OCOOJIMBOCTI IITATHOI CHCTEMH >KUBJICHHS 1 HasBHUX
TEeXHIYHUX pIMIEHh IMOMO TOAa4i MPHUPOAHOTO Ta3y. 3allpONOHOBAHO YIOCKOHAJICHY CHCTEMY >KHBIICHHS
musenbHOro nBuryHa MAN D2066 i3 cuctemoro BiopckyBanHs Common Rail, sika 3a6e3nedye aBTOMaTH30BaHy
MoJiadqy TPHUPOTHOTO Ta3y BIAMOBITHO OO PEXUMIB poOOTH IBUTYHA O€3 CYTTEBOTO BTPYYaHHS B HOro
KOHCTPYKIi0. BHKOHaHO TeopeTwmyHe OOTPYHTYBaHHS IapaMeTpiB MOJAEPHI30BaHOI CHUCTEMH, BH3HAUEHO
KOe(IIIEHT 3aMillleHHs] IU3ebHOT0 MAJMBA MPHUPOAHUM Ia30M, PO3PAXOBAHO PIYHY EKOHOMIIO MajhBa Ta
eKOHOMIYHMI e(deKT BiJl YNPOBA/PKEHHS 3alpPONOHOBAHOIO TEXHIYHOro pimeHHs. OIHEeHO BIUIMB
MOJICPHI30BaHOI CHCTEMH JKMBJICHHS Ha MaJMBHY EKOHOMIYHICTh, €KCIUIyaTaliliHi XapaKTepUCTHUKH Ta
€KOJIOTIYHI MTOKa3HUKH aBTOMOOIIBHOT TEXHIKH arpOIPOMHUCIOBOIO KOMIUICKCY.

BcraHoBneHO, 110 BUKOPHCTaHHS YJIOCKOHANICHOI CHCTEMHM >XMBJIECHHs 3a0esneuye 3amimeHHs a0 30 %
JIM3ETIbHOTO MajBa MPUPOIHUM T'a30M, CIIPHSE 3HIKECHHIO €KCIUTyaTallifHMX BHTpaT mpubiausHo Ha 9,1 %,
MiABUIY€ TAJHBHY EKOHOMIYHICTH 1 3MEHIIY€ HETaTWBHUI BIUIMB TPAHCHOPTHHUX 3ac00iB Ha HABKOJIHIITHE
cepeloBHUIIe. 3aIpOIIOHOBAaHE TEXHIYHE PIillIEHHS HE MOTpedye CyTTEBOTO IepeodiagHanHsa 0a30BOTO ABUTYHA Ta
MoOke OyTH BIIPOBaKeHe Ha aBTOMOOULTBHIA TEXHIIl arpompoOMHCIOBOTO KOMIUTEKCy. OTpuMaHi pe3ynsTaTtd
MiATBEPIKYIOTh TMEPCIEKTUBHICTh 3aCTOCYBAaHHS Ta30IM3ENbHUX TEXHOJOTIH i MOAEpHi3amii IU3eIbHIX
JIBUTYHIB 1 CTBOPIOIOTh MPAaKTUYHE MIAIPYHTA IS IOAAIBIIOTO IiIBUIIEHHS €(EeKTHBHOCTI eKCILTyaTamii
TPaHCTIOPTHHX 3aC00iB.
eHeproedeKTHBHICTh, AaTPONPOMUCIOBHII KOMILIEKC, TPAHCHOPTHI 3aco0u, TU3eJbHU IBUIYH, CHCTEMa
JKMBJICHHSI, Ta30Qu3eJIbHUIi IUKJ, TNPHPOAHUN ra3, MNaJUBHA €KOHOMIYHICTh, MOJAepHi3amis,
eKcIuTyaTaniiina epeKTHBHICTH
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