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MATHEMATICAL SIMULATION
OF THE WORKING PROCESS OF
THE GAS-DIESEL CYCLE IN THE
CYLINDERS OF THE
POWERTECH 6068HF250 ENGINE

Today, a trend has been established to expand the use of
dual-fuel diesel engines, which is due to their greater efficiency
and reduction of toxic emissions into the environment, in
particular nitrogen oxides NOx. Modern data from academic
research allow us to assert the prospects for the development of
the use of gas-diesel engines in agriculture, but there is still no
systematic approach to the use of this type of fuel technology.
The mathematical model of the working cycle of a gas-diesel
makes it possible to determine the optimal indicators in different
modes of its load.

The purpose of the research: Calculate and analyze the
thermal characteristics of the PowerTech 6068HF250 engine
using the Hrynivetskyi-Mazing method in the Mathcad
environment.

The main results of the study: The initial performance
parameters of the PowerTech 6068HF250 engine in the gas-
diesel engine mode turned out to be similar to the performance
indicators of this engine in the pure diesel mode. An increase in
engine power was detected when using a fuel mixture. The most
promising alternative source in the dual-fuel system was the use
of liquefied petroleum gas, due to the wide availability of this type
of fuel, its economy and the possibility of minimal conversion
using gas cylinder equipment up to the 4th generation. The
existing data of scientific research by domestic and foreign
scientists allow us to state the prospects for the development of
the use of gas-diesel engines, but today there is no systematic
approach to the use of this type of fuel equipment in agriculture.
However, the conversion of serial diesel engines in agricultural
tractors to dual-fuel systems with partial replacement of diesel
fuel with reduced petroleum gas, which is the most effective way
in terms of economy and operational characteristics, remains an
open question.

The conclusion of establishing a rational mode of power
rationing makes it possible to reduce the dose of spent gas fuel to
such an amount that the power is equal to the nominal one.

Keywords: disel engine, the gas-diesel cycle, operational
indicators, liquefied petroleum gas, fuel mixture.

Formulation of the problem in general its
relation to important scientific or practical tasks.

An urgent requirement of modern times in
the use of fuel in agriculture is the diversification of
sources and the use of alternative to the traditional
use of petroleum products, which tend to increase
in price [1]. There are several options for using
alternative power sources in the design of diesel

engines in agriculture [2]. The tendency to expand
the use of dual-fuel diesel engines has been
revealed, which is due to their higher efficiency
and reduction of toxic emissions into the
environment, in particular nitrogen oxides NOx [3].

Analysis of the latest research and
publications. In addition to liquid fuel, gaseous
fuels such as hydrogen, compressed natural gas
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(CNG), diesel methyl ether (DME), biogas and
LPG can be used in diesel engines [ 4-8].
Liquefied petroleum gas (LPG) and CNG are now
the most popular among gas fuels due to the
availability and simplicity of units for their use.
These engines, which use conventional diesel and
gaseous fuels, are called "dual-fuel engines" [9].
Natural gas and gas derived from biological
sources are more attractive alternative fuels for
dual-fuel engines due to their environmental
nature. When considering gaseous fuels for use in
existing diesel engines, a number of issues are
important, including the effect of engine operating
and design parameters, as well as the type of
gaseous fuel, on the performance of dual-fuel
engines [10].

The existing data of scientific research by
domestic and foreign scientists allow us to state
the prospects for the development of the use of
gas-diesel engines, but today there is no
systematic approach to the use of this type of fuel
equipment in agriculture [11]. The conversion of
serial diesel engines in agricultural tractors to dual-
fuel systems with partial replacement of diesel fuel
with reduced petroleum gas remains an open
guestion, which is the most effective way in terms
of economy and with preservation of operational
characteristics [12]. The mathematical model of
the working cycle of a gas diesel makes it possible
to establish operational and technological
parameters of its work and helps to determine
optimal indicators in different modes of its load.

The purpose of the study :

Calculate and analyze the thermal
characteristics of the PowerTech 6068HF250
engine according to the Hrynivetsky-Mazing
method, using the Mathcad environment.

The main results of the study:

Today, the use of gas in the operation of a
diesel engine is carried out according to the
principle of the 4th generation gas-cylinder
equipment of gasoline engines with insignificant
differences regarding the operation of the fuel
supply system and their ignition sequence. In
contrast to a gasoline engine, where the supply
and ignition of gasoline takes place first, and then
gas, a dual-fuel diesel engine uses simultaneous
supply of both types of fuel entering the cylinder at
different operating cycles [1]. Therefore, it is
important to accurately calculate the portions of
each type of fuel for optimal operation of the
engine in dual-fuel mode.. Also, the difficulty of
using gas fuel in a diesel engine lies in the
specifics of this type of fuel: poor flammability, low
methane number, high ignition temperature. It is
the above-mentioned features that determine the
difficulty of using a diesel engine in combination
with natural gas in gas-diesel mode with a clear
rationing of the supply of both types of fuel to the
cylinders, especially the dose of incendiary diesel
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fuel, which initiates the ignition of the gas-air
mixture [6]. This parameter is especially significant
when using modern installations with the use of
compressed natural gas during external mixture
formation and forced spark ignition, which is
modeled in the presented article

The obtained results are presented in
Figures 1-3, where the results of the calculations
performed in the Mathcad 14 editor are presented.
The initial parameters of the performance
indicators of the PowerTech 6068HF250 engine in
the gas-diesel engine mode are presented in Fig.
1 turned out to be similar to the performance
indicators of this engine in purely diesel mode
declared by the manufacturer.

We will also note the increase in engine
power when using a fuel mixture. This makes it
possible to reduce the dose of spent gas (LPG)
fuel to such an amount that the power is equal to
the nominal one.

Initial data:
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Fig. 1 Initial parameters and intake
process
However, when analyzing the power

parameters, effective and specific parameters of
the engine at nominal values (Fig. 2), it turned out
that in the next simulation of the operation of the
engine in the gas-diesel cycle, an increase in
engine power by 10.37% was established, which
amounted to Nep=185.43 kW in comparison with
the similar indicator in the diesel cycle (Fig. 3).
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Effective engine parameters
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During the mathematical modeling of the
use of the PowerTech 6068HF250 engine in the
gas-diesel cycle, an increase in the nominal power
of the engine to Nep=185.432 kW was
established, which was 10.376% more compared
to this indicator in the diesel mode.
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= 1000 Gt =182.628
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WNep-100
Np = i

“Fpi Np =35039

Fig. 3 Determination of nominal power

When using the mathematical model of the
PowerTech 6068HF250 diesel engine in the
Mathcad 14 environment, it was established that
the nominal power in the diesel cycle was
Nep=162.72 kW, which was 3.13% less than the
declared power of the engine by the manufacturer.

During the next simulation of the engine
operation in the gas-diesel cycle, an increase in
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engine power by 10.37% was found, which
amounted to Nep=185.43 kW compared to a
similar indicator in the diesel cycle.

We will also note the increase in engine
power when using a fuel mixture. This makes it
possible to reduce the dose of spent gas (LPG)
fuel to such an amount that the power is equal to
the nominal one.

The most promising alternative source in
the dual-fuel system was the use of liquefied
petroleum gas, due to the wide availability of this
type of fuel, its economy and the possibility of
minimal conversion using gas cylinder equipment
up to the 4th generation. Regarding practical
recommendations for the wuse of liquefied
petroleum gas, it is justified to switch to a diesel
cycle from a dual-fuel cycle when the load is
reduced by 30% from the nominal one, the optimal
ratio when working in a gas-diesel cycle with
diesel fuel is 50% of liquefied petroleum gas.

In gas-phase LPG diesel engines,
vaporized LPG is fed into the cylinder with intake
air and the LPG-air mixture is compressed as in a
conventional diesel engine. LPG-air mixture is not
self-igniting due to high self-ignition temperature. A
small amount of diesel fuel, called pilot, is injected
to ignite the LPG-air mixture. Pilot diesel, which is
injected by conventional diesel injection
equipment, only reduces a small fraction of the
engine's power output

To compensate for the increase in the cost
of traditional fuel in recent years, domestic and
foreign researchers have proposed a number of
improvements and alternative types of fuel,
however, for agricultural machinery with the
predominant use of diesel engines and the existing
machine-tractor fleet, one of the most promising
was the conversion of a conventional diesel
engine for the use of additional types of fuel, of
which the most profitable is the use of liquefied
gas. The existing data of scientific research by
domestic and foreign scientists allow us to state
the prospects for the development of the use of
gas-diesel engines, but today there is no
systematic approach to the use of this type of fuel
equipment in agriculture. However, the conversion
of serial diesel engines in agricultural tractors to
dual-fuel systems with partial replacement of
diesel fuel with reduced petroleum gas, which is
the most effective way in terms of economy and
operational characteristics, remains an open
guestion.

Installing gas on diesel seems justified for
several reasons:

- is cost savings without loss of engine
power;

- is a decrease for soot in the cylinders
because gas fuel contains fewer impurities;
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- Improvement of environmental
performance of the engine due to reduction of
toxic emissions into the atmosphere

Conclusion

The main performance indicators of the
PowerTech 6068HF250 engine in the gas-diesel
cycle turned out to be similar to the indicators set
by the manufacturer for a purely diesel mode. In
the gas-diesel cycle of using the PowerTech
6068HF250 engine, an increase in engine power
was found when using a mixture of fuels. The
absorption of the rational mode of power rationing
makes it possible to reduce the dose of spent gas
(LPG) fuel to such an amount that the power is
equal to the nominal one.
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MATEMATUYHE MOOENIOBAHHA POBOYOIO
MPOLECY FrA3OOU3ENIbHOIO LKKITY B
UMniHOPAX ABU'YHA POWERTECH
6068HF250

AKmyarsnbHOK 8UMO20K cy4YacHocmi y
8UKOPUCMaHHI nanuea 8 CinlbCbKOMY
eocriodapcmsi € Ousepcugikauis Oxepen i
8UKOPUCMAaHHS allbmepHamueHUX mpaduuitiHomy
suKopucmaHHio Haghmonpodykmis, sKi Maromb
meHOeHyito 0o  nodopoxyaHHs.  BuserneHo
meHOeHUilo 00  PO3WUPEHHS  BUKOPUCMAaHHS
deonanueHux dusenbHUX 08U2yHi8, WO 3yMOBIEHO
ix OINbWOK EKOHOMIYHICMIO ma 3MEHWEeHHIM
MOKCUYHUX 8UKUOI8 y HasKonuuwHe cepedosuwye,
30kpema okcudie azomy NOx  [lpu po3sansdi
2a30rnofibHo20 nanuea Onsi BUKOPUCMAHHS 8
icHyro4ux OusernbHuUx 0eu2yHax eaxnueul pso
numaHb,  eKfwYar4yu  ennue  poboyux i
KOHCMPYKMUBHUX rapamempie 08uayHa, a maKkox
muny 2a30ro0ibHoeo nanuea Ha rnPodyKmMueHicmsb
OeonanueHux deuayHie . HaseHi daHi Haykosux
docnidxeHb 8iIMYU3HAHUX ma 3apybiXKHUX 84eHUX
0038011510Mb cmeepdxysamu rpo
MepcrieKmueHicmb ~ pO38UMKY  8UKOPUCMaHHS
2a3o0usenibHux 0suzyHie, afie Ha CbO200HIWHIl
OeHb  eidcymHili  cucmemHuld  midxid 0o
B8UKOPUCMAaHHS Ub020 8udy nasueHoi mexHIiKu 8
CinbCbKOMY eocriodapcmeai. MamemamuuHa
Modernb poboyoeo yukny eazodusenid dae 3mozy
ecmaHosumu ekcriyamauitiHo-mexHOnoaidyHi
napamempu (o2o0 pobomu ma doromazae
8U3HaYyUMU onNmMuMaribHi MOKasHUKU 8 Pi3HUX
pexumax (i020 HaBaHMaXeHHS.

Pospaxysamu ma rpoaHanizyeamu
menosi xapakmepucmuku deueyHa PowerTech
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6068HF250 3a memodom [puHigeubko20-MasziHaa
8 cepedosuuii Mathcad.

BuxiOHi napamempu roka3Hukie pobomu
dsueyHa PowerTech 6068HF250 6 pexumi
2a3o00u3enbHo20 08u2yHa, HagelOeHi useunucs
CXOXUMU i3 3as8eneHuUMuU 8UPOBHUKOM
rokasHukamu pobomu Ub020 OsuzgyHa 8 4Yucmo
ousenibHoOMy  pexumi. BusieneHo  36inbuIeHHSs
nomyxHocmi  0eugyHa  fpu  BUKOPUCMaAaHHI
nanueHoi cymiwi eas- du3erb.

Haubinbw rnepcrnekmugHuUM w000
anbmepHamueHo20 Oxepera 8 0sonanueHil
cucmemi, 8USI8UNIOCL BUKOPUCMAHHS 3pidXeH020
Hagpmoeo2o e2a3y, 8 38’A3Ky i3 WUPOKOK
docmynHicmioo  daHoeo eudy nanuea, (o020
E€KOHOMIYHICMIO ma MOXIUGICMI MiHiManbHO020
nepeobradHaHHs 3 3acmocysaHHaIM
2a306a5i0HHO020 0b6nadHaHHS 00 4 MOKOJIHHS.
IcHytoui OaHi Haykosux OoCiOXeHb 8iMYU3HSHUX
ma 3apybikHUX Haykosuie 00380/15iHomb 3as8umu
Mpo repcrneKkmueHiCmb PO38UMKY SUKOPUCMAaHHS

ma mexHorsoegissx
2024

2a3o0usenibHuUx 08u2yHie, 00HaK Ha CbO200HiI
gidcymmHili cucmemamusogaHul  nioxi0 w000
guKopucmaHHsi ~ 0aHo20  muny  MaaueHo20
obnadHaHHS 8 cinbCcbKkoMy 2ocriodapcmei. [pome
3anuwaemscs gidkpumum numaHHsIM
nepeobnadHaHHA cepiliHux Ou3ernbHux deuayHie 8
CinbCcbKo20cnodapchbKux mpakmopie 8 08onanugHi
3 4YacmKo8UM 3aMilyeHHSM O0u3eslbHO20 MasbHO20
3pKEHUM HagmoeuMm 2a3oM, Wo € Haubinbw
egeKkmusHUM crnocobom wodo eKOHOMIYHOCMI
ma eKcrisiyamauitiHux xapakmepucmuk.

BcmaHoeneHHs1 payioHaribHO20 pexumy
HOPpMYy8aHHSI romyxHocmi 0ae 3moey 3MeHwWumu
0o3y eidnpayb08aHo20 2a308020 nanusa 00
makoi Kinbkocmi, wWob rnomyxHicme 6yna pieHo
HOMIHarnbHid.

Knro4voei cnioea: OusernbHuli 0suzyH,
2a300u3enibHUll YUK, eKcrilyamauiltiHi mokasHUKU,
3pideHUl Haghmosul eas, cymiw nanus.
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