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VEDECKOVYSKUMNA CINNOST KATEDRY STROJOV
PRIEMYSLOVE] DOPRAVY NA FAKULTE STROJNICKE]
TECHNICKEJ UNIVERZITY V LIBERCI V OBLASTI

VOZIDLOVYCH MOTOROV

SCIENTIFIC-RESEARCH ACTIVITY OF THE DEPARTMENT OF TRANSPORT MACHINES,
FACULTY OF MECHANICAL ENGINEERING - TECHNICAL UNIVERSITY OF LIBEREC

AT THE FIELD OF THE VEHICLES ENGINES

Prispevok ukazuje vysledky vedeckovyskumnych prac a vyvoja plynovych vozidlovych motorov (pre autobusy a ndkladné automobily),
zaoberd sa technickym riesenim konverzie pévodnych naftovych motorov do zdzihovej verzie. V c¢ldnku je uvedené porovnanie emisnych viast-
nosti novych plynovych motorov a poévodnych naftovych motorov tak z hladiska siicasnej legislativy, ako aj s ohladom na hygienicky najriziko-

vejsie zloZky vyfukovych emisii.

The paper shows the technical solutions and the results of the research works, connected with the conversion of Diesel engines to spark
ignition (SI) gas fuelled engines for the vehicles. The attention is paid to the comparision of the exhaust pollutions from the gas fuelled engines

and from original diesel engines.

Introduction

The Department of Transport Machines was founded in 1956
(with the original title Department of Piston Machines). Since
1956 the technical and scientific know-how of department workers
has gradually advanced, and at the same time the quality of tech-
nical equipment of the laboratory had increased as well. The new
laboratory for teaching (practical lesson, theses), research, deve-
lopment and testing of internal combustion engines was finished
in 1966, and since 1968 the department laboratory has been autho-
rised as the State Testing Laboratory for Internal Combustion
Engines (1993 - Accredited Testing Laboratory No. 1043).

At present the Department of Transport Machines leads the
technical education of specialists in designing of motor vehicles
(university bachelor’s, master’s and doctorate studies). The depart-
ment staff consists of two professors, four associate professors,
four lecturers, four doctors and students and four experts (techni-
cal, administrative, production). The department cooperates with
partner departments from Czech Technical University of Prague,
Technical University of Brno and Faculty of Transport in Pardu-
bice.

The scientific research activity of the department has a few
courses:

« The research of internal combustion engines (ICE), ecological
characteristics of vehicle engines and the development of a gas
motor.

« The strength and tension analyses of designing groups and parts
(for example tension analyses of superstructure boxes for special
lorries).

« The hydrostatics transmissions and hydrostatics mechanisms
for transport and power working machines (wheeled loaders,
lifting trucks).

« The technical diagnostic methods: the measurement of the noise
and vibration.

The main scientific research of the department is orientated
to the field of internal combustion engines (ICE). The Depart-
ment of Transport Machines has a large laboratory with 10 test
benches for scientific research and testing work on ICE. The labo-
ratory has necessary testing apparatus and devices. The depart-
ment laboratory of ICE solves complicated engineering problems
of investigation and research specialization (namely problems
about mixture creation, combustion processes and exhaust emis-
sions of gas fuels, including H,). In this field the department labo-
ratory has great experience with solving various thermodynamics
and combustion problems in engine cylinder with the measuring
of exhaust emissions (both gases and particles pollutants accord-
ing to ECE 49). The department laboratory also cooperates with
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specialized chemical (hygienic) laboratories on the monitoring of
the most dangerous exhaust emissions [9,10].

During 1993 - 2000 the department research and test labora-
tory converted a few diesel engines into gaseous (LPG, CNG) SI
engines. The selected characteristic parameters of gaseous SI
engines from Department of Transport Machines - Technical Uni-
versity of Liberec (the design conversion, research and optimizing
works) are shown at Tab. 1. All of these gaseous engines were autho-
rity tested and have an authority document from testing labora-
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combustion process optimization for these engines a few proce-
dures were applied for analysing significant parameters variability
of work cycle and it was confirmed that the mean indicated pres-
sure variability (VARpi) reduction is for engine efficiency increas-
ing and for emission reduction especially unburned hydrocarbons.
It was also confirmed that the very lean mixtures combustion is
connected with variability increasing. A significant effect of the
combustion chamber form on pursued parameters variability of
work cycles was proved [8].

Tab. 1
Engine I-LPG 2-CNG 3-CNG 4-CNG 5-CNG 6-CNG EURO
A>>1 A>>1 A>>1 A= A= A= 1/ 11
¥ [dm®] 11.95 11.95 11.95 3.59 3.59 11.95 -
€ 10.8 10.4 11.5 10.5 10.5 12 -
P [kW] 180 175 210 58 65 170 -
p, [MPa] L1 1.00 1.21 0.72 0.88 0.90 -
Py, [g/kWh] 0.03 0.02 - - 0.01 - 0.15/0.1
NOy [g/kWh] 3.72 5.15 3.45 0.51 0.22 0.79 7.0/5.0
HC [g/kWh] 0.26 0.95 0.94 0.16 0.11 0.23 1.1/0.7
CO [g/kWh] 0.55 0.28 0.23 0.65 0.49 0.35 4.0/2.5
CO, [g/kWh] 780 640 625 800 770 680 -

Tab. Note: - exhaust emissions in [g/kWh] according to ECE 49

- types I-LPG, 2-CNG and 3-CNG turbocharging with intercooler and catalyser

- typ 4-CNG natural aspirated with catalyser [7]

- typ 5-CNG turbocharging without intercooler and with catalyser [7]

- typ 6-CNG natural aspirated with catalyser

tory ECE (E8), certifying their power and pollutant properties.
The shown gas engines are produced in a smaller series: towns
Most and Litvinov (North Czech region) operated 85 city buses
with gaseous engines type 1-LPG, town Havirov (Northern Mora-
vian region) operated 35 city buses with gaseous engines similar
to type 2-CNG (lower power alternative without intercooler),
a few gas engines type 3-CNG are operated at transport enterprise
CSAD-BUS Ceska Lipa (North Czech region) and the gas engines
of types 4-CNG, 5-CNG and 6-CNG are operated in Slovak
Republic.

Technical solutions of the gas fuelled engines
for the road vehicles

For higher power gaseous SI engines (p,;,4x > 1 MPa) using
the conception A >>> 1 in alternative turbocharging-intercooler
with total (max) efficiency about 38 % accessible [1,5,6], for lower
gaseous SI engines power (p,,,.x < MPa) suitable conception is
A = 1[7]. The gaseous SI engines for extremely lean combustion
are furnished with a richness control system on the load: the solu-
tion ensures both very good operating properties (acceleration,
running fuel consumption), and very low exhaust pollutions [ 1,5,6].
The schematic layout drawing of gaseous SI engines types 1-LPG,
2-CNG and 3-CNG are shown in Fig. 1, the characteristic course
of control mixture richness on engine load is shown in Fig. 2. For

The great influence on combustion process has the com-
bustion chamber form. Pressure indication proves the VARpi reduc-
tion by turbulent specific intensity (squish swirl) in combustion
chamber increasing and the considerable reducing of unburned
hydrocarborn was achieved.
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Fig. 1: Schematic drawing of gaseous SI engine and its facili-
ties for conception A >> 1; mechanical/pneumatic or electronic
lambda regulator (regulation of the richness of the mixture) into
the input of gas before the mixer, providing for a continuous
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leaning of the mixture in dependence upon the filling pressure of
the supercharging, starting from the idle run of the motor, through
a partial loading until the area of the full load of the engine in the
interval of lambda 1.0 =+ 1.50. The course of the momentous cha-
racteristic in the area from the middle r.p.m. upwards is provided
for by a mechanical & pneumatic corrector, which closes the
throttle valve gradually with dependence upon the filling pressure
of the supercharger or by system “waste-gate”. This solution sup-
presses an undesirable increase of torque moment in the regimes
of 100 % load of the motor at the r.p.m. above 1400 - 1500 1/min,
and torque moment of the engine is regulated gradually to a value
allowing it to reach the necessary nominal output of the engine.
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Fig. 2. Characteristic course of control mixture richness
on engine load

An important role in the course of the combustion of the
cylinder charge is exerted by the motion condition of the mixture
in the combustion chamber. Both the velocity of the flame propa-
gation and the mass velocity of the mixture combustion increase
considerably in cases when the combusting mixture is in a condi-
tion of an intense whirling (turbulence).

The level of turbulence in the engine cylinder depends partly
upon the design arrangement of the inlet valves (the whirling of
the contents by the transverse “tumble” whirl, and the tangential
“swirl” movement of the cylinder charge); an important effect
upon the turbulent whirling of the contents of the combustion
chamber is effected by the radial “squish” whirling produced during
the compression stroke (in particular, in its end) by the displace-
ment of the parts of the charge from the edge sections of the
cylinder into the combustion chamber. The intensity of the radial
“squish” whirling is then dependent upon the design solution
(shape, size and location) of the combustion chamber.

An intensive whirling of the charge in the combustion chamber
of a piston engine is applied with the compression ignition engines
in particular; however, the “whirling” combustion chambers appear
ever more often with the spark ignition engines. During the deve-
lopment of the bus gas engines in the Department of Transport
Machines of the Technical University of Liberec (conversion of the
original diesel engines LIAZ), the improvement of their energy,
performance and ecological parameters has been related mainly
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with the design modifications of the combustion chamber in the
engine piston [3,4,6].

od

Fig. 3. Drawing of the cylinder unit with a high-turbulence
combustion chamber

In fig. 3 is a simplified drawing of the basic layout of the
cylinder unit of a bus gas engine: above piston is scheme of the
radial flow of the mixture delivered into combustion chamber.
The energy of turbulence Q in the combustion chamber is deter-
mined by the radial velocity w,, at which a part of the mixture is
pressed out from the edge zones of the cylinder into the inside
volume above the combustion chamber and inside it, and by the
mass quantity m of the part of the charge of the cylinder transfer-
red radially. The calculation of the turbulence energy can be effec-
ted with a sufficient accuracy in compliance with the simplified
Pischinger’s model.

The combustion chambers of the gas motors (employing both
LPG and CNG) are designed as “very whirling” (of the Heron
type), with a reduced inlet section and a minimum interstice
between the cylinder head and the piston in TDC: the summary
energy of the turbulence has been increased several times throug-
hout this design. The new execution of the combustion chambers
has allowed an increase the compression ratio by approximately 2
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units. The reduction of height of the uncovered (and intensively
cooled) wall of the cylinder above the piston in TDC has somewhat
reduced the “extinguishing” zones, and consequently (including the
effect of the turbulence evidently as well), the concentrations of
not combusted hydrocarbons in the exhaust gases at the outlet of
the engine have dropped (a drop amounting up to 50 %).
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Fig. 4: The courses of the radial velocity w,/n (U) and the
specific energy of the turbulence Q for the combustion chamber
“whirling” concept (e = 11,6) at nominal regime (# = 2000 1/min,
p, = 0,88 MPa). The total specific turbulence energy Q at TDC is
comparable with the specific turbulence energy in the combustion
chamber of the original diesel engine (Qpzgs = 23,5 m%s~2).

Pollution parameters of gas-fuelled engines

The basic ecological parameters of gas-fuelled engines are
shown in Tab. 1. In the gaseous SI engines types 1-LPG, 2-CNG
and 5-CNG were performed (besides prescribed test emissions),
and the emissions properties measured essentially wider range
than the laws determine. The attention was paid to the identifica-
tion of various organic matter groups in exhaust gases. The same
research was performed on the original diesel engines of their
gaseous alternative (1/2-DE, 5-DE). The selected results of this
research work are shown in Fig. 5, 6 and 7.

The measured results definitely show the gaseous SI engines
as an ecological friendly drive for motor vehicles. The gaseous SI
engines against original diesel engines have more than 10x lower
particular matter (PM) emissions. The considerable difference is
at hygienic very risky injurants, polycyclic aromatic hydrocarbons
(PAH) and their cancer derivates (PAHkarc) from gaseous SI
engines and diesel engines: the gaseous engines have these pollu-
tants more than 10x lower then diesel engines. The PAH emissi-
ons are in exhaust gases included in both free (gaseous) form, and
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connected on PM: the research shows, that the portion PAH on
PM depend on total PM emissions from engine. The PM emissions
from gaseous engines contain only about 10 % total PAH emis-
sions, PM from diesel engines contained as much as 50 % total PAH
emissions. Considering, PM emissions represent a great hygienic
risk in atmosphere (breathing) and gaseous SI engines have an
ecological effect as more as shown in emissions values of indivi-
dual exhaust injurants.
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Fig. 5: Diesel engines 1/2-DE and 5-DE fulfill the emissions
regulation EURO II. Emissions measuring and evaluating practic-
ed at regimes by procedure ECE 49.
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Fig. 6: PAH emissions contain 3 - 7 nuclear polyaromatic hyd-
rocarbons. The samples from exhaust gases were caught by special
pack, filters, adsorption substances in glass tubes and condensed
matter (after sample freezing) for chemical analysis at special
laboratory of organic chemistry [2,9,10]. Measuring and evaluat-
ing of PAH were practiced at regimes by procedure ECE 49.

Conclusion

The piston combustion engines have reserves, concerning the
increase of their efficiency, performance and emission parameters.
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The theoretical and experimental research show that in addition
to new design solutions, the possibilities of improvement must
also be looked for in the processes of the mixture production and
its combustion. A controlled combustion employing a high turbu-
lence in the combustion chamber offers a way to increase the effi-
ciency of the operating circulation of the engine and to reduce the
production of harmful substances. The gas engine may be the
example: the well effected conversion of the town transport bus to
gas driven, based upon the up-to-date knowledge of technical solu-
tion possibilities and arrangements in the gas-driven engine, its
fuel system and the additional or complementary equipment, con-
stitutes an important contribution to the reduction of the burden
of the operation of engine vehicles upon the environment.
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Fig. 7. PAHkarc contains emissions of benzo(a)anthracen,
benzo(k)fluoranten, benzo(a)pyren, dibenzo(a,c)anthracen and
indeno(1,2,3-cd) pyren. Measuring and evaluating of PAHkarc
practiced at regimes by procedure ECE 49 [2,9,10].

From the point of view of ecological contributions of the gas-
driven transport vehicles to the reduction of the burden upon the
environment in town agglomerations, it is necessary to point out
the importance of the conversion of the town transport buses
(however, the municipal and other utility vehicles for the town
service as well): compared with the vehicles with diesel engines,
the gas-driven vehicles exert without any doubt a positive effect
upon the quantity of emitted NOy, CO, particles, aldehydes and
polycyclic hydrocarbons. Compared with diesel engines, the emis-
sions of harmful particles of the gas engines are 10 times lower,
approximately; there is also an important difference in the emissi-
ons of the most harmful organic components - with the gas
engines, the emissions of the polycyclic aromatic hydrocarbons
(the most dangerous emission from the hygienic point of view) are
also 10 times lower than with a diesel engine.
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