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ABSTRACT

Photoexciting hydrocarbons with infrared shorter than 20
microns in wavelengths for enhanced fuel conversion
efficiency are believed to be scientifically predictable. This
paper describes a scientific investigation in the concept
using infrared excitation for increased hydrocarbon fuels’
combustion efficiency. The IR-effect on flame structure is
studied in a widely-used counterflow methane-air diffusion
flame experiment. Species concentrations for Hz, O, Na,
CH., CO, CO,, CiH,, and C;Hs across the flame were
measured using sampling and gas chromatography while
NO (nitric oxide) concentrations were measured using
chemiluminescence analysis. The experimental results
indicate IR-excitation makes fuel more combustible and
burn faster than regular fuel. As a result of faster
combustion, the fuel consumption rate and peak CO and
NO emissions are reduced. |IR-excitation was applied in
several engine and vehicle tests to examine its effects on
improving engine efficiency. The results suggest IR-
excitation can significantly improve engine performance
for increased fuel economy and reduced emissions.

INTRODUCTION

Using infrared-excited fuels for improved fuel efficiency of

internal combustion engines was first disclosed in 2003 [1].

Hydrocarbons are IR-active and absorb multi-photons in 3
— 14 pm wavelengths, causing molecular vibrations [2].
Photochemistry enhancement of reaction rates by
reactant vibrational excitation have been demonstrated in
laboratory dynamics studies [3]. These scientific facts
suggest that by IR-exciting hydrocarbon fuels combustion
efficiencies will be significantly enhanced. Though
photoexciting hydrocarbon molecules for enhanced fuel
conversion efficiency are believed to be scientifically
predictable, a broadband IR-excitation source that could
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facilitate the proposed applications did not commercially
exist. Adopting the IR technology that prevailed in Japan,
we engineered an IR-ceramic from selective transition
metal oxides that emit 3 - 14 pm wavelength mid-infrared
[4]. In engine applications, the IR-emitting ceramic can be
clamped to the exterior of a nonmetal supply fuel ling,
since 3 — 14 pm wavelength photons can penetrate
nonmetal materials. Hydrocarbons traversing thorough the
fuel line are exposed to infrared radiation and excited
before the fuel enters cylinders for combustion.
Confirmatory test results demonstrating IR-effect on
improving engine performance to significantly improve fuel
economy and emissions were reported [5]. In that report,
all targeted emissions from engines, including THC, CO,
and NOx, were simultaneously reduced. MNevertheless,
how |IR-excitation participates in the thermochemical
process of combustion to improve fuel's conversion
efficiency remains unidentified.

The combustion of multi-component commercial fuels (e.g.
gasoline, diesels) in an engine involves many complicated
processes, such as atomization, evaporation, turbulent
mixing, and combustion timing. To eliminate the
complexities in a gasoline or diesel engine, laminar non-
premixed counterflow methane-air flame experimentation
was used at Zucrow Laboratories, Purdue University to
investigate the IR-effect on combustion of methane, the
simplest form of hydrocarbon fuel, in the present study.
Counterflow flames are widely used in evaluation of
chemical kinetic rates because they are one-dimensional
and have a uniform strain rate [6]. Counterflow flames
also allow the use of OPPDIF code developed by Sandia
[7.8] to reveal chemical kinetics details with manageable
computational times. Besides, the methane mechanism
and the thermochemical database given in GRI-Mech
211 [8] can be used to predict and compare the
measured concentrations of major species in the flame.
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