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Worsening of ecological parameters of an engine causes a pressure drop in the combustion chamber or declines the technical
condition of the fuel system (Hofmann, Rauscher, 1996). The present experiment describes the possibility of low pres-
sure turbocharging at the atmospheric diesel engine and provides necessary information on the state quantity pressure at the
end of the compression stroke. Contribution points out the effect of wear of functional pairs in combustion chamber and a sub-
sequent decrease of the level of air internal energy at the end of the compression stroke. The observed diesel engine is atmo-
spheric, so its low pressure supercharging can be ensured from a separate air tank. Simulation of the worn engine was secured
by changing the exhaust valve’s clearance to 0.50 mm for comparison of the measured values, so the limit wear state reached
28%. The objectives of the experiment were fulfilled, and applied low-pressure supercharging has been proved. On the basis
of the measured data, the detected value of the supercharging was just 40 kPa, while the pressure at the end of compression

stroke of the simulated worn engine equaled to the pressure of the new engine at the selected speed.

emission; diesel combustion; pressure drop; turbocharging

INTRODUCTION

The use of diesel engines within the EU represents
over 50%, which is a big increase if compared with the
end of the last century. In accord with the worldwide
trend, the manufacturers of combustion engines are
subjected to various requirements and criteria. These
criteria include technological, economic, and ecological
aspects with great emphasis. Diesel engines manufac-
turers are constantly trying to develop and construct
these engines to be as economic and as powerful as
possible. At present, modern diesel engines are naturally
expected to run a high number of kilometers without
loss of performance and possibly without increased
oil consumption (Shayler etal., 2002).

After a certain time, factors acting during the life
span of the diesel engine may have a negative impact
on its functioning. These factors can be roughly divided
into so called “fuel” and “atmospheric”. Atmospheric
factors are atmospheric disturbances which are con-
stantly changing and depend on the weather situation.
The atmospheric disturbances which mostly influence
the quality of the suctioned air are the atmospheric
pressure (altitude), humidity, and air pollution. Air
pollution is in direct connection with the quality of the
suctioned air and causes clogging of the engine parts
(Ilkilic, Aydin, 2011). Air temperature largely
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influences the fact whether the fuel burns completely.
Suction at low ambient temperature can significantly
influence the actual performance of the engine which
can be called as cold suction. Generally we may say
that every temperature increase of the suctioned air
by 4 °C reduces the performance by 1% (Urban,
Rusnak, 1998).

The technical condition of a diesel engine directly
affects its performance and economic parameters.
Reliability of diesel engines can be estimated by differ-
ent methods which are given by their size, installation,
and available equipment (Halderman etal., 2004).
The most common method of diesel engines estima-
tion is technical diagnostics which utilizes measure-
ment methods resulting from specific requirements of
this diagnostics (V 1k, 2006). Basic information can
be obtained by direct measurement of characteristic
quantities by suitable equipment and instruments
(Bergmann etal., 2009).

MATERIAL AND METHODS

Deterioration of components in the combustion
chamber gradually changes the run of the engine which
leads to its ultimate state of operation (Jakubik et
al., 1998). This deterioration also results in reduc-
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tion of the internal energy of the air and worsens the
economic and ecological parameters of the engine(
Greuter, Zima, 2000).

In the experiment we deal with a possibility of at-
taining such internal energy of the air at partially worn
engine so that we could approach the internal energy
of a new engine. The solution could be in applying
low-pressure turbocharging. The partially worn engine
has been simulated by alteration of the exhaust valve
gap what caused an incomplete contact of the valve
with the cylinder head saddle. The required exhaust
valve gap was made by an indicating gage supported
against the non-operating surface of the tripper device
(Fig. 1). The adjustment of the valve gap was set to
0.50 mm and thus we reached the state change at the
end of the compression stroke corresponding to the
wear of 28%.

The measurements were conducted on four-stroke
four-cylinder diesel engine Zetor 8401.12. This engine
is not turbocharged with direct injection of fuel. Its
cubature is 4562 cm?, theoretical compression ratio is
17 and maximal combustion pressure at given revolu-
tions is 8.3 MPa.

The above mentioned low-pressure turbocharging
is ensured by charging the cylinder from a special air
reservoir whose volume is 220 times greater than the
volume of the measured cylinder. Connection between
the reservoir and the cylinder is realized by a specific
pipe with an internal diameter of 52.2 mm. In this
case the supply pipe leads from the reservoir in the
axis of the suction channel of the cylinder. Prior to
cylinder flanges mounting is the displacement of the
complete suction and exhaust system by one cylinder
forward (Fig. 2).

The supply line is equipped with two separate
valves. Valve 1 (11) in first position ensures suction
of atmospheric air and in second position stops this
suction. Valve 2 (12) is placed in-between the measured
cylinder and the reservoir and in first position it ensures
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Fig. 2. Connection of charging equipment
and measurement chain

1 = cylinder head, 2 = injector, 3 = suction
pipe, 4 = exhaust pipe, 5 = tightening flange,
6 = measured cylinder, 7 = piezoelectric
sensor with adaptor, 8 = charging reservoir,
9 = pressure gauge of charging pipe, 10 =
reservoir pressure gauge, 11 = two-position

valve of suction, 12 = two-position valve of
charging, 13 = charging pipe, 14 = supply
line, 15 = measurement and evaluation unit
kistler 2507a, 16 = software controlled com-
puter for data processing
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Fig. 1. Adjustment of the exhaust valve

stopping of charging pressure from the reservoir and in
second position it stops charging of the cylinder from
the air reservoir. In order to monitor the pressure in
the reservoir and also in the charging pipe, there are
two separate pressure gauges (9 and 10).

The main state quantity monitored during the ex-
periment is the pressure at the end of the compression
stroke. Measurement of the pressure at the end of the
compression stroke is carried out by a dynamic method
using piezoelectric sensor. Piezoelectric sensor is
placed inside the combustion chamber of the measured
cylinder by means of a special adaptor (Fig. 3).

The presence of the adaptor is important in order
to keep the compression ratio of the cylinder.

The state quantity was measured by a diagnostic
device Kistler 2507 A. This device is designed for dy-
namic measurement of compression pressure of diesel
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Fig. 3. Built-in adaptor with piezoelectric sensor

1 = communication cable of the sensor, 2 = tightening matrices,
3 = sensor case, 4 = piezoelectric sensor, 5 = sensor adaptor,

6 = cylinder head

engines. It measures a non-electric quantity, pressure
at the end of the compression stroke, revolutions and
electric quantity converted by a piezoelectric sensor
Serridge, Licht, 1986). The built-in electronics
is controlled by a program where 40 consecutive pres-
sure cycles are automatically included, from which the
arithmetic mean value and dispersion is calculated.

Upon connection of the sensor and the diagnos-
tic device to the logic measuring chain (Fig. 2), the
preparation of the engine for measurement follows. The
engine preparation consists of the oil level checking,
the adjustment of the valve gap, cleaning of the air
filter as well as of checking of the adaptor fixation
and of the installation of auxiliary pipe for the fuel
drainage. Prior to running of the engine it is neces-
sary to provide forced cooling of the engine. The last
step of the preparation is heating of the engine to the
temperature of 90°C. The methodology of the measure-
ment is completed by the information that the engine
was not loaded during the experiment.

RESULTS AND DISCUSSION

Accordingto Hatschbach, Baumruk (2002),
knowledge of the internal aerodynamics of the diesel
piston combustion engine is very important for fur-
ther improvement of its performance, environmental
parameters, and customer requirements as well as for
meeting the strict legislative standards. The monitored
measured object Z-8401.12 engine is equipped with a
direct fuel injection with a toroidal combustion chamber
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in the piston. Engines with the direct injection should
have stable layers of mixture and low between-cyclic
variations which make it possible to stabilize a current
field especially in the top dead centre.

By performing of all conditions given in the meth-
odology of measurement it is possible to start the
measurement itself (Hrubec et al., 2002). The ob-
tained data are listed in Table 1. The obtained data
on the pressure at the end of the compression stroke
were evaluated by the built-in digital sensor which
processes the mean value and the sphere of dispersion
through more than 40 impulses. From these data only
the peak value of the pressure is presented.

Created characteristics of the pressure at the end
of the compression stroke in dependence on charg-
ing pressure with raising revolutions can be seen in
Fig. 4. The revolutions of the engine were gradu-
ally increased from 800 to 2000 min~! in intervals of
200 min~! and actually measured revolutions are de-
picted in Fig. 4. In the right part of this figure we can
see charging pressures, together with colour distinction
of the curves, which were increased by 10 kPa (from
0 to 80 kPa). This graphical display represents the
increasing character of respective curves, hence the
pressures between measurements increase in regular
intervals. For better illustration we have included the
characteristics with zero charging pressure.

Comparison of measurement series at the simulation
of cylinder charging as well as the pressure increase
is shown in Fig. 5. From this figure it is possible to
read the lowest difference in pressure increase as
0.32 MPa at revolutions 800 min~!' with charging
10 kPa and the greatest difference in pressure increase
as 0.44 MPa with charging 40 kPa. At the highest
preset revolution of 2000 min~! it is possible to see
the lowest difference in pressure increase as 0.28 MPa
with charging 10 kPa and the greatest difference in
pressure increase as 0.56 MPa with charging 80 kPa.

Table 2 shows the measured values of pressure at
the end of the compression stroke at charging up to
40 kPa on partially worn engine. The following char-
acteristics (Fig. 6) compare the pressures at the end of
the compression stroke obtained from two regimes of
measurement, namely on a “new” and “partially worn”
engine (distinguished by colour in legend). The given
characteristics represent a gradual pressure increase
in complete range of revolutions. The greatest pres-
sure difference at the end of the compression stroke
between the “new” and “partially worn” engine is
1.07 MPa at revolutions 800 min~'. The lowest differ-
ence in pressure is 0.85 MPa at revolutions 2000 min~!.
These results demonstrate the fact that by charging of
the cylinder by low-pressure turbocharging with the
pipe diameter of 52.2 mm we reached the pressure
at the end of the compression stroke at worn engine
compared to a new one at the value of the charging
40 kPa in a thorough range of revolutions.
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Table 1. Pressure at the end of the compression stroke in dependence on charging pressure

Charging pressure P, (kPa) 10

Set revolutions n_, (min1) 800 1000 1200 1400 1600 1800 2000
Actual revolutions n | (min™!) 815 1013 1218 1421 1609 1813 2033
Pressure at the end of compression p, (MPa) 4.12 4.2 4.34 4.52 4.62 4.82 4.86
Charging pressure P, (kPa) 20

Set revolutions n_, (min1) 800 1000 1200 1400 1600 1800 2000
Actual revolutions n | (min™!) 811 1014 1217 1419 1606 1814 2016
Pressure at the end of compression p, (MPa) 4.5 4.56 4.68 4.9 5.06 5.24 5.32
Charging pressure P, (kPa) 30

Set revolutions n_, (min1) 800 1000 1200 1400 1600 1800 2000
Actual revolutions n | (min!) 810 1013 1216 1418 1604 1812 2015
Pressure at the end of compression p, (MPa) 4.84 5 5.12 5.32 5.52 5.64 5.76
Charging pressure P, (kPa) 40

Set revolutions n_, (min1) 800 1000 1200 1400 1600 1800 2000
Actual revolutions n_| (min~1) 810 1012 1217 1418 1603 1810 2016
Pressure at the end of compression p, (MPa) 5.28 5.34 5.54 5.74 5.96 6.16 6.24
Charging pressure P, (kPa) 50

Set revolutions n_ (min~!) 800 1000 1200 1400 1600 1800 2000
Actual revolutions n_| (min~1) 807 1013 1216 1419 1602 1809 2018
Pressure at the end of compression p, (MPa) 5.66 5.76 5.98 6.2 6.42 6.62 6.72
Charging pressure P, (kPa) 60

Set revolutions n_ (min~') 800 1000 1200 1400 1600 1800 2000
Actual revolutions n_ (min~1) 806 1011 1215 1418 1600 1806 2013
Pressure at the end of compression p, (MPa) 6.06 6.22 6.38 6.6 6.76 6.96 7.18
Charging pressure P, (kPa) 70

Set revolutions n_, (min~1) 800 1000 1200 1400 1600 1800 2000
Actual revolutions n (min~!) 805 1013 1214 1417 1600 1805 2014
Pressure at the end of compression p, (MPa) 6.42 6.62 6.82 7.06 7.26 7.5 7.6

Charging pressure P, (kPa) 80

Set revolutions n,_, (min~!) 800 1000 1200 1400 1600 1800 2000
Actual revolutions n (min—") 806 1001 1215 1417 1600 1802 2012
Pressure at the end of compression p, (MPa) 6.78 7.1 7.22 7.48 7.68 7.98 8.16
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Fig. 4. Characteristics of the pressure at the end of the compression Fig. 5. Pressure increase at charging as a function of revolutions
stroke of the Z-8401 engine in dependence on charging pressure
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Table 2. Pressure at the end of the compression stroke in dependence on charging pressure of the worn engine

Charging pressure P, (kPa) 10

Set revolutions n_ (min~!) 800 1000 1200 1400 1600 1800 2000
Actual revolutions n | (min!) 811 1029 1217 1418 1610 1807 2014
Pressure at the end of compression p, (MPa) 2.6 2.96 3.18 3.08 3.52 3.78 4.04
Charging pressure P, (kPa) 20

Set revolutions n_ (min!) 800 1000 1200 1400 1600 1800 2000
Actual revolutions n | (min!) 812 1026 1211 1422 1610 1807 2012
Pressure at the end of compression p, (MPa) 2.92 33 3.5 3.52 3.78 4.16 4.46
Charging pressure P, (kPa) 30

Set revolutions n_ (min~1) 800 1000 1200 1400 1600 1800 2000
Actual revolutions n | (min~!) 809 1024 1211 1421 1609 1808 2012
Pressure at the end of compression p, (MPa) 3.22 3.64 3.86 3.88 4.18 4.54 4.86
Charging pressure P, (kPa) 40

Set revolutions n_ (min~!) 800 1000 1200 1400 1600 1800 2000
Actual revolutions n_| (min~1) 813 1021 1209 1416 1609 1808 2015
Pressure at the end of compression p, (MPa) 3.58 3.94 4.2 4.22 4.52 4.92 5.28

CONCLUSION

The main objective of the experiment was the pos-
sibility to use low pressure turbocharging by means
of simulation at a selected atmospheric diesel engine
and the comparison of obtained information on the
state quantity at “new” and “partly worn” engine.
Charging of the given cylinder was performed by an
air reservoir. The cubature of the given cylinder was
1140.5 cm? and the cubature of the reservoir was
220 times greater, i.e. 250 910 cm?.

The information obtained from pressure characteris-
tics at the end of the compression stroke in dependence
on charging pressure (Fig. 4) provide a comprehen-
sive image of gradual pressure increase and cylinder
charging. Dependence with zero charging pressure
has been included in order to simplify the comparison
with a non-turbocharged diesel engine. All variables
have an increasing character which meets the theory
of pressure increase at the end of the compression
stroke depending on increasing revolutions.

From the comparison of pressure increase at preset
revolutions between respective charging (Fig. 5) it is
possible to read unsteadily distributed values. At revo-
lutions 800 min~! the pressure difference is 0.32 MPa
between two different measured states. This indicates
that at charging 10 kPa it is possible to increase the
state variable by 0.32 MPa. At maximal preset revolu-
tions 2000 min~! with charging 10 kPa we reached by
a 0.28 MPa lower increase of the state variable. All
measurements have been carried out in order to verify
low-pressure turbocharging on a partially worn engine
and to find the parameter of charging that approaches
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the characteristics of a non-worn engine at the end of
the compression stroke.

The characteristics given in Fig. 6 clearly demon-
strate the suitability of low pressure turbocharging at
the atmospheric diesel engine in the whole range of
revolutions even at 40 kPa of the charging pressure.
The obtained results indicate the advantages of the
used turbocharging with respect to the simple construc-
tion of the device without the necessity of external
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Fig. 6. Comparison of pressure at the end of the compression stroke on a “new”
(NM) and “worn” (OM) engine in dependence on charging pressure
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source of compressed air. The proposed device for
low pressure turbocharging is suitable also from the
economical viewpoint since it does not require high
financial investment into necessary accessories and
spare parts.

REFERENCES

Bergmann M, Kirchner U, Vogt R, Benter T (2009): On-road
and laboratory investigation of low-level PM emissions of
a modern diesel particulate filter equipped diesel passenger
car. Atmospheric Environment, 43, 1908—1916.

Greuter E, Zima S. (2000). Engine Damage. Damage to INternal
Combustion Engines and Their Causes.Vogel Buchverlag,
2000. 573 p. (in German)

Halderman JD, Mitchell ChD, Glassman CW (2004): Advanced
engine performance diagnosis. Upper Saddle River, N.J.
Pearson/Prentice Hall, USA

Hatschbach P, Baumruk P (2002): Problems of measuring of
the internal aecrodynamics using PIV. In: Proc. 33" Internat.
Conference of Departments and Workplaces of the Com-
bustion Engines at Slovak and Czech Universities, Nitra,
Slovak Republic, 41-46.

Hofmann K, Rauscher J (1996): Optimal compression of charg-
ing air at turbocharged diesel engines. In: 27™ Internat.
Conference of Departments and Worplaces Engines, Brno,
Czech Republic, 45-52 pp. (in Slovak)

Hrubec J, Malatinec M, Zithansky J (2002): Evaluation of
Measurement Systems by Reproducibility. In Quality and

Reliability of Machines: 7th. International Scientific Sym-
posium: Accompanying Action of the International Machines
Fair 2002 : Nitra 29.-30.5.2002. Nitra: Slovak University of
Agriculture, 2002, 20--23 pp.. (in Slovak)

Ilkilic C, Aydin H (2011): Determination of performance and
exhaust emissions properties of B75 in a CI engine applica-
tion, Fuel Processing Technology, 92, 1790-1795 pp.

Jakubik T, Katolicky J, Jicha M (1998): Comparison of charg-
ing characteristics of cylinders of diesel engines for two
types of suction ports. In: 19™ Internat. Conference of De-
partments and Workplaces of the Combustion Engines at
Slovak and Czech Universities, Bratislava, Slovak Republic,
106-111 pp. (in Czech)

Serridge M, Licht TR (1986): Piezo-electric Accelerometer and
Vibration Preamplifier Handbook. Briiel&Kjaer, Naerum
1986, 150 p.

Shayler PJ, Dow PI, Davies MT (2002): A model and meth-
odology used to assess the robustness of vehicle emissions
and fuel economy characteristics. In: IMechE Transactions
of the International Conference on Statistics and Analyti-
cal Methods in Automotive Engineering. IMechE Paper
C606/013/2002, London, UK.

Urban J, Rusnak R (1998): The thermodynamic potential of
the internal combustion engines before the XXI® century.
INTERKONMOT 98, Polish Academy of Sciences, Krakow,
Poland, 9-19 pp.

VIk F (2006):. Diagnostics of Vehicles. Praha: Academic Press,
444 p. (in Slovak)

Received for publication on June 13, 2012

Accepted for publication on March 24, 2013

Corresponding Author:

Ing. Zoltan Zalezak, Ph.D., Slovak Agricultural University in Nitra, Faculty of Engineering, Department of Quality and Engineering
Technologies, Tr. A. Hlinku 2, 949 76 Nitra, Slovak Republic, phone: +421 xxx xxx xxx, e-mail: zoltan.zalezak@uniag.sk

118

SCIENTIA AGRICULTURAE BOHEMICA, 44, 2013 (2): 113-118



