Investigation of disk stabilized propane flames operated under
stratified and vitiated inlet mixture conditions.
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A significant increase in Global energy consumption has been forecasted for the next two
decades [1] and as a result, the levels of carbon dioxide and nitrogen oxide released into the
environment are expected to increase accordingly.

Lean premixed operation is one combustion technology that offers the potential for lower
soot emissions as well as an improved trade-off in CO/NOy production [2]. However, there
are several drawbacks in the use of lean premixed flames, i.e., autoignition, flashback and
flame instability (lean blowout-LBO and oscillations), particularly if a wide operational mar-
gin is required [3,4]. Recently combustion methodologies based on partially premixing and
stratifying the reactive mixture have emerged as promising methodologies to alleviate these
limitations in the effort to expand the usefulness of the lean fully premixed concept [e.g 5-8] .
The high temperature air combustion with vitiated air has been developed concurrently and
has provided an environmentally friendly combustion technique to alleviate many issues re-
garding the challenge of promoting stable, efficient and clean combustion at limiting ultra-
lean conditions. [9-10]. Vitiation is generally achieved through recirculating exhaust gases
(EGR) into the oxidizing air raising its preheat and reducing its oxygen concentration. This
has been shown to promote ultra-lean operation, significant energy savings, reduced pollution
and equipment size, and uniform thermal characteristics within the combustion chamber .

The impact of a combination of these new combustion technologies, e.g. HITAC under inlet
mixture stratification, on critical flame characteristics such as flame front anchoring, stability
margin, heat release topology and emissions performance has not been addressed extensively
so far. Therefore, further investigations over a range of stabilization configurations, inlet mix-
ture profiles and preheat conditions is warranted.

Within the above context the aim of the present work is to study the performance characteris-
tics of stratified propane flames operated under preheated/vitiated oxidizing air. Mixture con-
ditioning is established through staged premixing of propane with preheated/vitiated air in an
axisymmetric double cavity arrangement . The adopted conditioning premixer configuration
allows flames to stabilize on the afterbody disk under both stratified and vitiated conditions.
This is a novel configuration promoting the exploitation of mixture stratification within the
context of a HITAC configuration. Managing inlet mixture distribution, and simultaneously
regulating the preheat and vitiation profiles may offer additional flexibility in terms of better
control of flame stability and emissions.

The impact of selected inlet equivalence ratio gradients and levels of preheat and vitiation on
the stabilization performance and flame structure and topology has been studied for
stoichiometric and lean flame conditions. Measurements of mean axial velocities, tempera-
tures, chemiluminescence images of OH* and CH*, flame front visualization and gas sam-
pling analysis (FTIR) provided information for the studied flames. The combined methodolo-
gy provided some information regarding the variations in the toroidal flame front anchoring
and stabilization and the impact of heat release disposition on the axisymmetric wake devel-
opment under the variable inlet fuel-air mixture profiles.
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The study illustrates some aspects regarding the influence of the preheated/vitiated conditions
on the combustion of the inlet stratified fuel-air mixture profile, with respect to flame front
stabilization, disposition and burner emissions. Some important differences in the vitiated
flame structure and topology are discussed in comparison to the un-vitiated case characteris-
tics, in an effort to establish the possible advantages or disadvantages of incorporating pre-
heat and vitiation in stratified operation for the specific bluff-body configuration.
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