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In early 2012, the Structure and Liftoff In Combustion Experiment (SLICE) was conducted in the Microgravity Science
Glovebox (MSG) aboard the International Space Station (ISS). Methane, ethylene, or a selected nitrogen dilution of
each fuel issuing from a burner tube in coflowing air was ignited to form a laminar diffusion flame. Flow conditions and
the finite-rate combustion chemistry caused the flame to detach from the burner rim and lift to a new stabilizing position
downstream. The structure of the flame was characterized and the liftoff velocity limits were determined as a function
of the fuel and burner diameter. The flame temperature, soot, and CH* radical concentrations were measured and
compared with computation. Although the lifted flame far from the burner (~10 cm) might be stabilized with a
triple-flame structure, i.e., a stoichiometric diffusion flame base with fuel lean and rich premixed branches, the
stabilizing and lifting mechanisms of burner-rim-attached flames were still largely left unstudied.

The global objective of the proposed research is to elucidate the diffusion flame stabilizing and lifting mechanisms. The
specific aims include: (1) analyze thoroughly the SLICE liftoff velocity limit data to extract general trends, (2) conduct
ground-based liftoff experiments using C1 — C4 hydrocarbons to study fuel effects, (3) perform computation with full
chemistry to reveal the flame structure and flame-flow interactions, leading to the liftoff conditions. The overall merit of
the proposed research is fundamental contributions to combustion science and NASA’s microgravity combustion
research, through the effective use of underutilized SLICE data on the liftoff limits and the rigorous validation of the
numerical methods, including reaction mechanisms, soot formation, and radiation models.

The Principal Investigator (PI) has more than 20 years of experience and knowledge in microgravity combustion
research and has served as a co-Investigator for the SLICE project. Case Western Reserve University has recently
expanded the Fire and Combustion Laboratories, equipped with various fire testing instruments, and the computation
will be performed using the Case High Performance Computing Cluster. If successful, the proposed research will give a
significant impact on the research area of flame stabilization, which has been one of major subjects of interest since the
early days of modern combustion research, started several decades ago. As a result of recent advances in flame
diagnostic techniques and numerical predictive capabilities, including comprehensive chemical kinetics, it is now
feasible to elucidate complex flame-flow interacting phenomena such as flame stabilization.

If successful, the proposed research will give a significant impact on the research area of flame stabilization, which has
been one of major subjects of interest since the early days of modern combustion research, started several decades ago.
As a result of recent advances in flame diagnostic techniques and numerical predictive capabilities, including
comprehensive chemical kinetics, it is now feasible to elucidate complex flame-flow interacting phenomena such as
flame stabilization.

A laminar jet diffusion flame is formed by igniting a gaseous hydrocarbon fuel issuing from a small stainless-steel
burner tube (0.4 to 2.5 mm i.d.) in coflowing air through a coaxial glass chimney (95 mm i.d.) or a converging nozzle
(25 mm i.d.). As the fuel or air velocity is increased gradually, the flame base detaches and lifts off the burner rim,
stabilizes at a new position downstream, and blows out eventually due to the finite rate of chemical reactions. This study
investigates the stabilizing mechanism of laminar jet diffusion flames in normal Earth gravity (1g) and microgravity (ug)
experimentally and computationally.

During the reporting period, we have performed the following tasks.

(1) Measured the stability limits of laminar coflow jet diffusion flames of propene in 1g for the fuel tubes with inner
diameters of 0.8 and 1.6 mm, in addition to the fuels investigated previously (i.e., methane, ethane, ethylene, acetylene,
propane, butane, butene).

(2) Performed the computation using the in-house numerical code (UNICORN) with a newly incorporated chemical
reaction mechanism applicable to C1 to C4 hydrocarbons. Successfully revealed the structure of a butane jet diffusion
flame, for the first time, as the flame base lifted off the burner rim gradually until blowout, in response to incremental
increases in the coflowing air velocity. The predicted flame stability limit was in good agreement with the measurement.
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