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Abstract

The paper presents the results of an experimental research in which we compared the combustion

phases of an DACIA 1300 engine when charged with a lean mixture and addition of hydrogen and when
standard charged.

The influence of hydrogen addition in lean mixtures on the combustion phases and
process parameters was determined by investigating the variation with the crankshaft,
revolutions of the delay to the fast, combustiont ,, the fast combustion time t ; jthe top

pressure P the increase rate of the mean pressure %9 , and the cyclic dispersion
e Dhed
d , for rated loads K =40%, K =80% and for full load ( K =100%).
The variation of the delay to the fast combustion and the fast combustion time, both
in milliseconds, with the crankshaft revolution n in rpm, is shown in Fig. 1.
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Fig. 1

These diagrams illustrate that the presence of small, quantities of hydrogen into a
lean mixture determines a chainreaction kinetic that reduces the delay to the fast,
combustion with 25 to 50%. In consequence, the combustion rate is determined only by
the laminar flame propagation velocity, which depends on the mixture's composition, the
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air-fuel ratio, the activation energy and the turbulence intensity. The favorable change in
the mixture's composition and activation e nergy determines the decrease of this phase.

In the second phase, within the fast combustion time, it has been found that, the
flame propagation velocity is determined only by the turbulence intensity, because the
combustion zone is equal to or even exceeds the macro vortices. This is demonstrated by
the fact that the plotted diagrams for both the standard and the hydrogen addicted engines
are very close, even intersecting for some crankshaft rewlutions. So the influence of the
physical and che mical properties on the flame propagation velocity is insignificant

In conclusion the time of flame propagation decreased for some rated loads and
crankshaft revolutions because the ignition front propagation velocity increased and the
combustion zone decreased. This causes a =, : time

decrease of the steady combustion phase, more '™ | ey
heat being released in the fast combustion phase. ===
At rated loads (K =40% and K =80%) the j S SRR S 2 MR,
combustion time can be decreased if another, 19:\-:—?‘%\ e
spark timing law is chosen, but we preserved the _'""’““%f:».x Lo
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In this situation is even more evident that the active, centers have a favorable
influence on the delay to the fast combustion, in about the same pressure and temperature
conditions in the moment of spark delivery. This determines an increase in the top
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pressure of the cycle and also an increase of the mean pressure rate for all rated loads
considered, as it is shown in the diagrams presented in Fig. 3. The mean increase rate is
about 11,6% without any effects on the engine's smooth running.
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At low crankshaft revolutions values (under 2500rpm) the top pressure decrease is
caused mainly by the considerable increase of the fast combustion time, the point in which
the top pressure occurs moving towards the expansion stroke (see Fig. 4.).
As the crankshaft revolution increases, the initial phase Da, (in degrees of

crankshaft revolutions) will be longer because the delay to the fast combustion does not

vary with the crankshaft revolution and TYCUC DISPERSION &
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In order to obtain a better precision on data processing, we took scale photographs
for 10 cycles on every rated load for every crankshaft, revolution value.

It is interesting to observe the diagrams for the rated load K=80% and for the full
load K=100% between 2000 and 4500 rpm. The pressures are in these cases clearly
higher for the hydrogen addicted engine although the mixture is leaner. We expect that
even better results could be obtained if an optimum correlation is acquired between the
addicted hydrogen quantity, the lean mixture quality and the spark timing. So the cyclic
dispersion could be reasonably diminished for lower rated loads, with direct mechanical,

energetically and economical implications.
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