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In the last decades the scientific community has shown
an increasing interest in the hydrogen field. This renewed
interest on hydrogen as an energy carrier is mainly due to
the global climate change and to the expected depletion of
conventional hydrocarbon fuels. Moreover, hydrogen as a
substitute for fossil fuels is attractive since it has the
potentialities to drastically alleviating the emissions
problems, with the exception of NOx compounds. However,
changing from hydrocarbon to alternative fuels is expected
to be a very complex, enormously expensive and timeconsuming process even if all the necessary technologies
would be already available, which is not the case. Indeed, at
the moment, the scientific community is still trying to find
out which are the best technologies to produce, to store, to
transport and to use hydrogen.

because the reverse flow carries hot combustion products
and radicals backwards and supplies energy for the ignition
of the incoming fuel-air stream. Swirling flames have been
studied extensively for many years; however, most of these
studies are focused on premixed flames and only relatively
few works are available on non-premixed swirl flames.
Measurements were performed on a straight exit
laboratory swirl burner with no quarl cone and operating at
ambient pressure. The flame was stabilized at the end of two
concentric pipes with the annulus supplying swirled air and
the central pipe delivering the fuel. In order to improve the
mixing between reactants, the fuel mixture was injected
transversally toward the swirling air flow. Experiments were
carried out at varying hydrogen content in the range 0% 100% of the total volumetric fuel flow rate.

Conventional hydrocarbon fuels blended with hydrogen
have been proposed as a cross-over strategy for the
hydrogen-energy based infrastructure of the future. Indeed
advanced combustion approaches in industrial burners and
gas turbine systems suggest the use of alternative fuels to
reduce pollutants emissions and to improve performances;
alternative fuels include, among others, by-products of
biomass and coal gasification, chemical and refinery wastes,
fuel-cell off-gases. Many of these fuels contain hydrogen,
which may have a significant effect on the combustion
performance.

In order to perform absolute temperature measurements
with the Rayleigh scattering technique, an analysis on
products and reactants cross sections was performed for
various fuel compositions at changing equivalence ratio.
Such analysis evidenced that in the present case errors
related to uncertainties in the chemical composition of the
mixture were within acceptable bounds and thus the global
error associated with temperature measurements was ﬁ 65 K
outside the reaction zone and ﬁ 110 K inside the reaction
zone.

The present work is focalized on combustion
characteristics of methane-hydrogen-air reacting mixtures.
Since detailed measurements in full-scale real combustors
are hardly possible and very expensive and numerical tools
have not yet reached a sufficient level of confidence, the
experimental activity was conducted on a non-premixed
swirl model combustor. Moreover the use of model
combustors was suitable for the application of various nonintrusive laser based diagnostic techniques. Particle Image
Velocimetry and Laser Doppler Velocimetry were used for a
comprehensive analysis of the velocity field and the
Rayleigh scattering technique for the local temperature
distribution. In many practical applications swirling motion
is regarded as an efficient way to improve and control the
mixing rate between fuel and oxidant streams and to
improve flame stabilization through the swirl-induced
recirculation of hot products. The basic principle is that
above a critical swirl level (S > 0.6), an expansion of the
swirling flow leads to vortex breakdown with the
accompanying flow reversal in the core region, the so called
Central Toroidal Recirculation Zone (CTRZ). In swirl
stabilized flames, the combustion process is strongly
influenced by the dimension and shape of the CTRZ,

The analysis of vorticity maps (obtained from 2Dvelocity data) and velocity PDFs (obtained from
instantaneous LDV data) underlined that in the region
located between the CTRZ and the Corner Recirculation
Zone (CRZ) took place an intense mixing process between
reactants coming from the burner outlet and hot combustion
products from recirculation zones. The analysis of
temperature PDFs revealed bimodality in the same regions.
By considering each bimodal distribution as the overlap of
two distinct Gaussian distributions, it was possible to
evaluate the temperature of each stream in the mixing layer
and to characterized the mixing process. This procedure
evidenced that even if the global flow field was
characterized by an intense mixing process, generated by the
swirl motion, local temperature non-uniformities were still
present and had a considerable impact on flame stability and
pollutants emissions.
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