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Pollution of natural environment due to combustion engines exploitation is
now one of the basic research issues in the field of motorization. According to
the available scientific papers motorization accounts for as much as 50% of toxic
fumes emission [3]. Contamination of nature with motor fumes does not only
concern big cities but is also found in rural areas. This is largely due to the ex-
ploitation of compression-ignition engines, generally used as driving units in
agricultural vehicles.

A significant cause of toxicity rise in fumes emited by automatic ignition
engines are faulty fuel systems. Exploitation practice shows that over 50% faults
in A.L. engines are caused by faulty fuel systems [2]. Engines in agricultural
tractors are especially liable to defects of injection system because of complex
conditions of their exploitation and frequent inefficiency of their users. Defects
and wear of an injection apparatus as well as incorrect regulation settings and
frequent inadequacy of technical staff lead to worse indices of an engine’s work
and higher environment’s pollution by harmful compounds in combustion gases
or fuel and oil leaks. The influence of injection apparatus wear, especially preci-
sion pairs wear, on the toxicity of an agricultural tractor’s fumes was presented
by the author in the published papers [4, 5].

DESCRIPTION OF THE RESEARCH STAND AND METHODOLOGY

Research was done on a four-cylinder compression-ignition engine S-4003
of the tractor Ursus C-360 set on a dynamometric stand in the engine brake hall
of The Department of Vehicles and Engines at the Agricultural University of
Lublin. The draft of the research stand is presented in Fig. 1.
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The basic element of the dynamometric stand is an electric brake of the type
K1-136B-E (alternating current generator), which was also used for starting the
tested engine. For the measurement of the rotating speed of the engine an induc-
tive sensor was used cooperating with a digital gauge type NOS.

The tested engine was equipped with a row type injection pump P24T8-3a
which had the pumping elements FPE8-3a and pumping shutters DV83 as well
as with injectors type WIJIS 78.7A having five-hole extended sprayers
DSL150.A2. Its combustion system had a direct fuel injection to the toroidal
chamber in the piston.

Contents of carbon oxide and hydrocarbons in the fumes of the tested trac-
tor engine were determined by a multigas fume analyser type M-488 Multigas
Plus. Measurements were taken for particular points of the load characteristics,
at alternating regulation settings of the fuel injection system. Samples of com-
bustion gases for an analysis of fume content were taken from behind the joint
fume collector (Fig. 1).
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Fig. 1. Draft of the research stand

The following regulations of the fuel injection system were made:

— of the static fuel pumping start angle until the value: 19°CA (crankshaft
angle), 22°CA (nominal angle), 25°CA before TDC. The regulations were made
directly on the engine by the rotation of the injection pump round the axle of the
camshaft (in the whole range for the tested engine); by moving the upper part of
the pump nearer the engine, the angle of PS (pumping start) — a,, was enlarged —
a momentoscope was used.

— of the injectors opening pressure — p;, until the value: 15,5 MPa, 17 MPa
(nominal pressure), 18,5 MPa — injectors sampler type PRW-3 was used. Tight-
ness of the injectors and quality of fuel spray were also checked.

Control and regulations of the injecting pump and the injectors were per-
formed according to [1, 6].
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RESULTS AND ANALYSIS

Changes in the emission levels in fumes of carbon oxide (CO) in the func-
tion of the effective power (N,) of a tractor engine S-4003 obtained in experi-
mental tests depending on different regulation parameters of the injection system
i.e. the pumping start angle and the injectors opening pressure are presented
respectively in Fig.2a and 4a — for the rotation speed of the engine 1500 rpm and
in Fig. 2b and 4b — for the speed 2000 rpm.
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Fig. 2. Dependence of CO emission level in fumes on the effective power (Ne) of a S-4003 tractor engine, for
different angles of the pumping start a,: a) 1500 rpm, b) 2000 rpm

Fig. 3, 5 and 7 represent theoretical dependencies corresponding to the
above mentioned experimental curves. They were determined by means of of the
curve analysis method. The proper regression equation was chosen on the basis
of the values of determination coefficient R*, values of the F-Snedecor test func-
tions for testing a model’s adequacy as well as of the significance levels of par-
ticular elements of the regression function (t-Student tests).
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Fig. 3. Dependence of CO emission level in fumes on the effective power (Ne) of a S-4003 tractor engine, for
different angles of the pumping start a,, (regression analysis): a) 1500 rpm, b) 2000 rpm
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Fig. 4. Dependence of CO emission level in fumes on the effective power (Ne) of a S-4003 tractor engine, for
different injectors opening pressures pj,: a) 1500 rpm, b) 2000 rpm
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Fig. 5. Dependence of CO emission level in fumes on the effective power (Ne) of a S-4003 tractor engine, for
different injectors opening pressures p;, (regression analysis) : a) 1500 rpm, b) 2000 rpm
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Changes in the hydrocarbons (HC) content in fumes in the function of the
effective power (Ve) on the load characteristics at the speed 2000 rpm, for alter-
nating angles of the pumping start, were presented in Fig.6a, and for alternating
injectors opening pressures, in Fig. 6b.
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Fig. 6. Dependence of hydrocarbons emission levels (HC) on the effective power (Ne) of S-4003 tractor en-
gine, at 2000 rpm, for different angles of the pumping start a,, — fig. 6a and for different injectors opening
pressures p;, — fig. 6b
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Fig. 7. Dependence of hydrocarbons emission levels (HC) on the effective power (Ne) of S-4003 tractor en-
gine, at 2000 rpm, for different angles of the pumping start a,, — fig. 7a and for different injectors opening
pressures p;, — fig. 7b (regression analysis)
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The analysis of the above mentioned curves showed:

1. Rise of CO emission level in fumes in the whole engine loads range and
at two engine rotation speeds for the angle of the fuel pumping start a,,, = 19°CA
before TDC — on average by 35.3% at 1500 rpm and by 50.6% at 2000 rpm,
compared to the nominal value (a,; = 22°CA before TDC ).

2. Drop of CO content in fumes for an increased a,, = 25°CA - on average
by 6.3% at the rotation speed 1500 rpm and by 12.4% at 2000 rpm, compared to
the nominal value a,, = 22°CA, in the tested engine loads range.

3. Rise of HC emission level in fumes for a, = 19°CA — on average by
36.,5% and drop on average by 8.4% for a,, = 25°CA compared to the nominal
value a,, = 22°CA, in the tested engine loads range and at the used engine rota-
tion speed.

4. An average in the tested engine loads range and at the used engine rotation
speeds rise of CO concentration in fumes for an increased injectors opening pres-
sure p;, = 18.5 MPa — by 12.5% for 1500 rpm and by 11.5% for 2000 rpm and also
drop of CO concentration for a decreased p;, = 15.5 MPa — by 5.4% at 1500 rpm
and by 4.1% at 2000 rpm, compared to the nominal value (p;, = 17 MPa).

5. A slight (on average by 2.2%) drop of HC concentration in fumes for p,, =
15.5 MPa and a rise in its emission level on average by 12,1% for p,, = 18.5 MPa,
compared to the nominal value p;, = 17 MPa, in the tested engine loads range.

6. The regression analysis showed a good matching of the theoretical curves
to the actual function dependencies of CO and HC emission levels in the fumes
of the tested engine, due to the high values of determination coefficients R* |
which for alternating regulation parameters and in the realised measurement
conditions are contained in the range from 0.9242 to 0.9972.

CONCLUSIONS

The research showed a significant influence of the change (compared to the
nominal values) of the regulation parameters of a fuel injection system on CO
and HC emission levels in the fumes of an agricultural tractor engine. The high-
est emission of toxic fume contents was recorded for a smaller pumping start
angle (a,5 = 19°CA before TDC), which proves the unfavourable character of the
engine work parameters obtained at a delayed fuel injection (the engine power’s
value dropped by several per cent ). The lowest CO and HC concentration in
fumes was obtained for a,, = 25°CA, such conditions, however, are characterised
by a remarkable dynamics of combustion and hard work of an engine. A rise of
injectors opening pressure is connected with a delayed injection (despite a better
fuel spray), hence, for the pressure 10% higher than the nominal one, an in-
creased emission of toxic compounds was recorded. For the injectors opening
pressure about 10% lower than the nominal one, the changes in CO and HC
emission were found to be the smallest.
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SUMMARY

The article presents results of experimental tests on emission levels of carbon oxide and hydrocarbons in

fumes of S-4003 engine of the agricultural tractor Ursus-360 as well as the theoretical dependencies found out
by the method of curvilinear regression analysis at changing regulation parameters of a fuel injection system,
i.e. at different fuel pumping start angles and injectors opening pressures. The tests were carried out on a
dynamometric stand in an engine brake room, for two rotation speeds of the engine and for the full road range.
CO and HC emission levels were determined by means of a multigas absorption fume analyser.



