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ABSTRACT

This research work was aimed for study of backfire, performance improvement and
emissions reduction in a hydrogen fuelled spark ignition engine. For this study, a
carburettor based gasoline fuelled spark ignition (SI) engine generator set with rated
power output of 2.1 kVA at 50 Hz and 220 V was selected and then converted into
hydrogen fuelled generator set using timed manifold injection. The experimental study
was carried out at various compression ratios (4.5:1, 6.5:1(base) and 7.2:1), spark timings,
delay in start of hydrogen gas injection and exhaust gas recirculation (EGR) up to 25 %
by volume. The study at reduced compression ratio of 4.5:1 was also carried out for wide
parametric study of backfire occurrence in a hydrogen fuelled SI engine.
Experimental results revealed that hydrogen fuelled SI engine operation at
increased compression ratio of 7.2:1 improved the relative brake thermal efficiency
(BTE) by 10 % as compared to base compression ratio of 6.5:1 at power output of 1 kW.
The highest BTE of 15.3 % was observed at equivalence ratio of 0.5 and it decreased with
respect to increase in equivalence ratio, while power output increased. The engine
operation at higher equivalence ratio of 0.8 and above was observed with combustion
knock and reduced BTE. However, the NOx emission increased at increased compression
ratio of 7.2:1 and also it increased with respect to increase in equivalence ratio.
The spark time variation and EGR were used for NOx emission reduction at source
level. The spark advancing from maximum brake torque (MBT) caused to increase in
NOx emission, while spark retarding up to 2° CA bTDC reduced the NOx emission
marginally, but power output and the thermal efficiency dropped significantly by 6 %.
The EGR level up to 24 % by volume significantly reduced the NOx emission up to 57 %.
The spark time retarding is not a suitable option for NOx emission reduction in hydrogen
v

fuelled SI engines, whereas the EGR level of 20 % by volume was chosen as optimum
where the NOx emission was reduced by 50 % with marginal effect on power drop as
compared to NOx emission without EGR.
The results of numerical analysis and experimental study on backfire occurrence
indicate that backfire is mainly function of residual gas temperature and hot-spots. It was
found from the numerical analysis of in-cylinder mixture temperature during suction
stroke that delayed gas injection would reduce the probability of backfire occurrence due
to cooling of residual gas and hot-spots. In addition to this the backfire occurrence
phenomenon was explained using computational fluid dynamics (CFD) and found that
backfire occurs due to hot-spot and flame propagate towards upstream of intake manifold.
The probability of backfire occurrence reduced with respect to increase in intake charge
velocity. The experimental observations for delay in start of injection (SOI) have shown
that backfire limiting start of injection (BFL-SOI) reduced with increased compression
ratio and the delay in SOI up to 50° CA aTDC eliminated the backfire occurrence and
improved the engine performance also. It was found from the experimental results of
flame kernel growth rate (FKGR) that higher FKGR for hydrogen with respect to
equivalence ratio is responsible for reduced ignition lag and rapid flame propagation,
while use of EGR with intake charge reduced the FKGR by charge dilution.
The notable findings emerged from this study are that the hydrogen fuelled SI
engine with increased compression ratio of 7.2:1, MBT spark timing of 9° CA bTDC and
EGR value of 20 % by volume will give better performance and reduced NOx emission.
The addition of EGR slows down the FKGR and delay in SOI allows to cool down the
residual gas; therefore probability of backfire occurrence reduces with EGR and delay in
SOI. On the whole, the hydrogen fuelled spark ignition engine with EGR could provide
beneficial results of reduced NOx emission and elimination of backfire.
vi
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