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Abstract

Oxygen-diluted Combustion (OdC) technology has evolved from the concept of
Excess Enthalpy Combustion and is characterized by reactants of low oxygen
concentration and high temperature. Recent advances in this technology have
demonstrated significant energy savings, high and uniform thermal field,
low pollution, and the possibility for downsizing the equipment for a range of
furnace applications. Moreover, the technology has shown promise for wider
applications in various processes and power industries.

The objectives of this thesis are to analyze the thermodynamic aspects
of this novel combustion technology and to quantify the enhancement in
efficiency and heat transfer inside a furnace in order to explore the potentials
for reduced thermodynamic irreversibility of a combustion process and
reduced energy consumption in an industrial furnace. Therefore, theoretical
and experimental investigations were carried out.

The 2nd law of thermodynamics analyses of OdC systems have been carried
out for cases in which the oxidizer is either oxygen (Flameless-oxy-fuel) or
air (High Temperature Air Combustion, HiTAC). The analyses demonstrate
the possibilities of reducing thermodynamic irreversibility of combustion by
considering an oxygen-diluted combustion process that utilizes both gas- and/
or heat-recirculation. Furthermore, the results showed that an oxygen-diluted
combustion system that utilizes oxygen as an oxidizer, in place of air, results in
higher 1st and 2nd law efficiencies.

Mathematical models for heat regenerators were developed to be designing
tools for maximized heat recovery. These models were verified by heat
performance experiments carried out on various heat regenerators.

Furthermore, experiments were performed in a semi-industrial test
furnace. It was equipped with various regenerative burning systems to
establish combustion and heat transfer conditions prevailing in an industrial
furnace operating based on HiTAC. The tests were carried out at seven firing
configurations, two conventional and five HiTAC configurations, for direct and
indirect heating systems.

Measurements of energy balance were performed on the test furnace at
various configurations in order to obtain the 1st law efficiency. Moreover, local
measurements of temperature, gas composition, and heat fluxes in the semi-
industrial test furnace were performed to find out the main characteristics of
HiTAC flame and the effects of these characteristics on the heating potential,
i.e., useful heating in the furnace. In the case of HiTAC, these measurements
showed uniformities of chemistry, temperature, temperature fluctuation, and
heat fluxes profiles. The values of fluctuations in temperature were small.
The high speed jets of the fuel and air penetrated deep into the furnace. The
fuel gradually disappeared while intermediate species gradually appeared in
relatively high concentrations and at broader regions inside the furnace. These
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findings indicate: a large reaction zone, low specific combustion intensity in
the flame, low specific fuel energy release, and high heat release from this
large flame. In addition to the thermodynamic limitations to the maximum
temperature of the Oxygen-diluted Combustion, the low specific energy release
of the fuel and the high heat release from the flame to its surroundings cause
this uniform and relatively moderate temperature profile in a HiTAC flame,
consequently suppressing thermal-NO formation.

Heat flux and energy balance measurements showed that heating potential
is significantly increased in the case of HiTAC compared to that in the
conventional case, implying much more energy savings than the apparent heat
recovery from the heat regenerators, and consequently much less pollutants
emissions. Therefore, it is certain that this large HiTAC flame emits more
thermal radiation to its surroundings than the conventional flame does,
in spite of the moderate-uniform temperature profile of the flame. This
intense heat flux was more uniform in all HiTAC configurations, including the
indirect heating configuration, than that of the conventional-air combustion
configuration.
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