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SIMULATION OF TRACTOR
ENGINE OPERATION IN GAS-
DIESEL MODE

In modern conditions of fuel use in agriculture, it is necessary
to diversify sources and use alternatives to the traditional use of
petroleum products. However, there is a pressing issue that is actively
being studied regarding the change in power when using a dual-fuel
engine power supply system, since there is data on a slight decrease
in this indicator, it was also established that the main parameters are
preserved, the duty cycle and a significant increase in engine life. The
purpose of the study is to simulate the main parameters of the engine
in gas-diesel mode. A mathematical model of the duty cycle of the
PowerTech 6068HF250 gas-diesel engine of the John Deere 7930
tractor has been created, which makes it possible to establish the
operational and technological parameters of its operation. To
determine the operating and technological parameters of the tractor
engine in gas-diesel mode, for example, determining the LPG gas
consumption and the ignition dose of liquid fuel and setting other
control points, the thermal calculation of the engine according to the
Grynivetsky -Mazing method using the Mathcad environment is
informative and relevant. The obtained data were purposefully
processed in the Microsoft Excel environment. This method allows to
significantly improve the analysis of the operation of diesel engines in
gas-diesel mode. When using the mathematical model of the
operation of the PowerTech 6068HF250 diesel engine in the Mathcad
14 environment, it was found that the nominal power in the diesel
cycle was 3.13% less than the declared engine power by the
manufacturer. The obtained data allow us to state the conformity of
the model we built. During the next simulation of the engine operation
in the gas-diesel cycle, an increase in engine power was detected. An
increase in engine power when using a mixture of fuels was also
noted. This makes it possible to reduce the dose of consumed gas
(LPG) fuel to such an amount that the power was equal to the
nominal, which can be observed in the diagrams.

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

Formulation of the problem. In the modern
conditions of fuel use in agriculture, the diversification
of sources and the use of alternatives to the
traditional use of oil products, which tend to increase
in price, are extremely relevant [1,2]. Among the
many options for the use of alternative power
sources in the design of diesel engines in agriculture,
there is a tendency to expand the use of dual-fuel
diesel engines in the gas-diesel mode, which is due
to their greater economy and reduction of toxic
emissions into the environment, in particular nitrogen
oxides NOx [3.4].

Analysis of the latest research and
publications. However, there is an urgent issue that
is being actively studied, regarding the change in
power when using a dual-fuel engine power system,
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since there are data on a slight decrease in this
indicator, it is also established that the basic
parameters of the operating cycle and a significant
extension of the motor resource are maintained [5-8].
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 [9, 10]. Regarding practical
recommendations for the use 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
liguefied petroleum gas [11].
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The purpose of the study: simulate the
main parameters of the engine functioning in the
gas-diesel modeMarepianu Ta meToam

The main results of the study. A
mathematical model of the working cycle of the gas-
diesel engine PowerTech 6068HF250 of the John
Deere 7930 tractor was created, which makes it
possible to establish the operational and
technological parameters of its operation. The value
of the pressure in the cylinder at the characteristic
points of the diagram is given in Table 1. From the
data in the table, we construct an expansion
polytrope.

Table 1

Value of gas pressure in the cylinder at

characteristic points

P y | Pay Pc , | Pz | P

MMMa MMMa MMMa MMa ’
MMMa

0,209 0,201 9,688 14,532 0,632

We build a flat coordinate system. On the
abscissa axis we put the value of the volume of
the cylinder V, on the ordinate axis - the value of
the gas pressure P in the cylinder.

V-axis scale:

iz Va_ (1)
\/ = T3, imm .
[Val

where is the full volume of the cylinder, |,

- the distance on the drawing along the
abscissa axis, which reflects the full volume of the
cylinder (mm).

The value of the volume of the combustion

chamber is determined by formula 2:

v, =22 _0,07

17-1
P-axis scale:

,up Zi, I/mm (2).
[P,]

[Pz] - the distance on the drawing along

the abscissa axis, which reflects the value of the
maximum pressure of the cycle in the cylinder
(mm).

We draw a vertical line perpendicular to
the abscissa axis from the origin at a distance
corresponding to the volume of the combustion
chamber. This line will correspond to the position
of the piston at TDC. The second straight line is
placed at a distance from the first, which
corresponds to the working volume of the cylinder
in scale. This line will correspond to the position of
the piston at NMT.

Perpendicular to the ordinate axis, we
draw a horizontal straight line from the origin at a
distance corresponding to the value of
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atmospheric pressure PO.First, we build a
calculation indicator diagram.To do this, we first
set aside the characteristic points of the diagram
with the corresponding coordinates: r(Pr; ), a(Pa; ),
c(Pc;), z' (;), b(;).Then we set aside the auxiliary
points with the corresponding coordinates: r"(Pa; ),
z(Pz;),1(;).

To determine the coordinates of point z,
we will find the volume. To determine the volume ,
we use the formula , where , since the point z
characterizes the end of the previous expansion
and the beginning of the expansion polytrope.

So, substituting the values in formul 1, we
determine:
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= 3).

? 11,807 )

We start building the diagram from the
beginning of the intake. Point r" is connected to
point a with a horizontal straight line, assuming
that the pressure remains constant throughout the
intake stroke. From point a, we build a
compression polytrope. The compression stroke
on the diagram is characterized by the as curve,
which is a compression polytrope and is described

=0101

by the formula . In this formula, the relation —2

X
change from 1 to and determine the corresponding
PX values of the compression polytrope. To
calculate the compression polytropy, we will use
the tabular method [12]. This makes calculations
as easy as possible using Microsoft Excel
spreadsheets. From point c, the pressure
increases at a constant volume, so we connect
points ¢ and z' with a vertical line.

Point z is connected to point z' by a
horizontal straight line, which characterizes the
supply of heat at constant pressure. Then we
construct an expansion polytrope characterized by
the zb curve. The expansion polytrope is
described by formula 1. In this formula, we change

the ratio from 1 to and determine the
corresponding PX values of the expansion
polytrope.

To construct the exhaust gas exhaust line,
connect point | with point r, assuming that the
pressure in the cylinder does not change during
exhaust.Therefore, the area of he unrounded
diagram will be limited by the points rr' 'acz' zblr.
As a result, we get the indicator diagram of the
PowerTech 6068HF250 engine in the gas-diesel
cycle, shown in Figure 1.

The intake process begins at the end of the
stroke of the piston to TDC, when the intake valve is
opened for purging (point r' on the diagram), after
which the pressure after closing the exhaust valve
(point ), the pressure in the cylinder drops to Ra and
remains constant until point a. Therefore, the section
of the diagram from point r' to point a is described by a
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horizontal straight line. Point &' is located at a distance

in scale
corresponds to the volume of the cylinder when the

from the origin of coordinates, which

exhaust valve is closed.

— =

| Fig. 1 Engine indicatof diagram df the
PowerTech 6068HF250 engine in the gas-diesel
cycle.

To construct a rounded diagram, write down
the coordinates of the rounding points. We connect
the points rr' with a smooth curve. We are building an
indicator diagram. We unfold the obtained diagram
along the angle of rotation of the crankshaft of the
engine using the analytical method using Microsoft
Excel.To do this, you need to convert the coordinates
of the points of the diagram into coordinates. For this,
we use a number of formulas relating the volume of
the cylinder to the angle of rotation of the
crankshaft.Using formula 1, we calculate the volume
of the cylinder depending on the angle of rotation of
the crankshaft.n this way, we calculate for all
positions of the crankshaft, changing from 0 to 720°,
taking into account the gas distribution phases.
Accordingly, when the crankshatt is turned to a certain
angle, the pressure in the cylinder will change by the
value of . The value depends on the processes taking
place in the engine. At the position of the crankshaft =
0 = .At the position of the crankshaft = , = (closing the
exhaust valve). When turning the crankshaft at an
angle from to 180 = The value when rotating the
crankshaft by an angle from 180° to 360° changes
according to formula 1.9 (polytropy of the joint). When

the crankshaft position = 360°, will have two values: =
and=.
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At the position of the crankshaft at = 390.11°,
= When rotating the crankshaft from 390.11° to
(exhaust valve opening), will change according to
formula 1.22 (expansion polytrope).When rotating the
crankshaft from up to 540°, the expansion polytrope
must be rounded using the indicator chart rounding
factor. Thus, further values of the expansion polytrope
are multiplied by the rounding factor. When rotating
the crankshaft from 540° to (closing the intake valve),
it will smoothly fall to and from to 720° = v As a result,
we get a diagram of the PowerTech 6068HF250
engine in the diesel cycle, rotated by the angle of
rotation of the crankshatft (Fig. 2).

[

I
|
I

Fig. 2 Indicator diagram of the PowerTech
6068HF250 engine in the gas-diesel cycle

Conclusions. To determine the working and
technological parameters of the tractor engine in the
gas-diesel mode, for example, determining the
consumption of LPG gas and the ignition dose of
liquid fuel and setting other control points, the
thermal calculation of the engine according to the
Hrynivetskyi-Mazing method, using the Mathcad
environment, is informative and relevant. The
received data was purposefully processed in the
Microsoft Excel environment. This tool makes it
possible to significantly improve the analysis of the
operation of diesel engines in the gas-diesel model.
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MOAENOBAHHA POEOTU ABUI'YHA
TPAKTOPA B TrA30AU3ENbHOMY PEXUMI

B cyuacHux ymosax euKopucmaHHsi rasuea 6
cinsceKkoMy 2ocriodapemei HeobxiOHa dAusepcudbikaulisi
oxepern i BUKOPUCMAaHHS anbmepHamus
mpaduuitiHoMy  8UKOPUCMAaHHIO  Hagbmorpodykmis.
lpome € akmyanbHe nUMaHHs, K€ aKmuUeHO
susyaembCs,  Wo00  3MIHU  romy>Hocmi  fpu
guKopucmaHHi  080MafuUeHoOI  cuCmeMU  XKUBITeHHST
dsuzyHa, OCKiflbKU € OaHi MpO HEe3Ha4YHe 3HLPKeHHS
Ub0O20 MOKa3HUKa, MaKoX 6CMaHoEMeHo, WO OCHOBHI
rapamempu 36epicaembcsi poboYuUll UUKT | 3Ha4He
36inbweHHs:  mMomopecypcy. Mema  OocnidxeHHs
3mo0erTo8amu OCHOGHI rapamempu pobomu dgueyHa 8
2aso0userisHoMy pexumi. CmeopeHo mamemMamuyHy
moderib  pobo4o20 UUKITy 2a300useribH020 Osu2yHa
PowerTech 6068HF250 mpaxkmopa John Deere 7930,
wo Oae 3Mo2y 6CmaHo8UMU eKcrirlyamauitHi ma
mexHoroeiyHi  napamempu  to2o  pobomu. [nist
BU3HAYEHHsT POoBOYUX | MEXHOMOo2iYHUX rapamempie
dsugyHa mpaKkmopa 8 2a300Uu3erlbHOMY PEXUMI,
Harpuknad, eusHadeHHs1 eumpamu 2a3dy LPG i dosu
3arnarnosaHHs piOko2o ranuea ma 8CMaHOS/TEHHS
IHWUX KOHMPOJIbHUX MOYOK, Mmersiosull po3paxyHOK
OsueyHa 3a [puHiseupkum -Memod Mazing 3
BUKOPUCMaHHAM cepedosulya Mathcad €
iHpopmamueHUM ma akmyanbHuM. Ompumani  OaHi
uinecrpsimogaHo 0bpobrisnucsi 8 cepedosuwyi Microsoft
Excel. [JaHut crioci6 0o380s5€ icmomHO rosinuumu
aHariiz pobomu Ou3esibHUX 08U2YHie 8 2a300U3€esIbHOMY
pexkumi. pu eukopucmaHHi MamemamuyHoi mooeri
pobomu OusernbHo2o dsuyHa PowerTech 6068HF250
8 cepedosuuli Mathcad 14 6yro ecmaHoereHo, wWo
HOMIHarIbHa Momy»xHicmb 8 OU3eribHOMY UuKIi byna Ha
3.13% meHwor 6id 3asierieHoI nomyskHocmi dguayHa
3a8000M-8Up0bHUKOM. OmpumaHHi GaHi A0380SIHOMb
cmeepdxysamu rnpo eidnoeidHicme nobydoeaHoi Hamu
modeni. [lpu HacmynHoMmy MmodentogaHHi  pobomu
dgugyHa 8 2a300u3eflbHOMY  UUKIT,  8USIBNEHO
3pocmaHHs  ronpkHocmi  dguzyHa. TakoX eiOMiHeHO
3pocmaHHs romy>Hocmi dsuayHa rpu 8UKOpUCMaHHI
cymiwi nanue. Lle Oae 3moey 3meHwumu 003y
3ampadyeHo20 ea308020(LPG) nanbHo20 Qo0 makor
KirlbKocmi, wob romyXHicme OopisHrogara
HOMiIHarIbHIl, WO MOXHa criocmepizamu Ha Oiagpamax.

Knroyosei cnoea:  dusenbHUU  OBURYH,
2a300u3esibHUll  UUKIT,  eKcrilyamaujuHi - IMOKa3HUKU,
CKparieHut Hagbmoeutli 2a3, rnarueHa CyMilu.
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