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Background

For larger fuel diversity, understandings of ignition and
combustion characteristics of various practical fuels are
Important. Ex. bio-, synthesized-, reformed-fuels, etc.

Shock tube, RCM, burners have
been extensively used but
simple and compact method for
examining reaction dynamics is
required.
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A micro flow reactor with a controlled temperature profile




Swiss roll
microcombustors
for heat sources

Microcombustion for fundamental
combustion studies

Micro flow reactor with

controlled temp. profile




Micro flow reactor with a controlled
temperature profile
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Flame behaviors in a micro flow reactor
with a controlled temperature profile

Normal flame

SpeE kiU

High velocity region

Mixture ~ Oscillatory flame

Low velocity region



Three kinds of flame responses

CH,/air mixture (1) Normal flame
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Theoretical S-shaped solutions

experiments :I\l/ "
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Analogy between S-curve and
conventional Findell-curve
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(2) Oscillatory flame

E

Three flames are utilized for:

Measurements of laminar burning
velocity of highly preheated mixtures

Investigations of non-linear dynamics of
given fuels

(3) Weak flame

Investigations of ignition relevant
properties of various fuels, validation
and modifications of kinetics,
particularly at low temperature
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Triple weak flames, n-heptane
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Weak flame location insensitive to flow velocity 1



ComPUtationS (one-dimensional)

Code PREMIX-based

Gas-phase enerqgy equation

.dT 1 d dT K A 4/1Nu
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dx c, dx( dxj C, kz_llp © p" (:IO ; cIo (T, =T)

Heat transfer with the wall

Reaction scheme: n-heptane, reduced mechanism from LLNL
(159 species, 1540 steps)  seiser et al., PCI 28 (2000)

Conditions:  Stoichiometric gaseous n-heptane/air mixture
Experimental wall temperature profile was provided as Tw(x)

Flame position:  Peaks of heat-release-rate (HRR) [W/cm?3] profile
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Triple weak flames, n-heptane
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Heat release rate [W/cm?]
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Computational species profiles
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Computational species profiles
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Computational species profiles
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Computational species profiles
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Measurements and computations
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Interpretation of triple weak flames
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MFR applied for gasoline PRF

n-heptane + iso-octane (PRF)
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* Hori, et al., CNF 2012



Weak flames at different RON
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Weak flame appearances
for various RON
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Structure of a separated cool flame
in MFR
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Structure of a cool flame, computation

Conditions : nC,H,g/air, =1, P =1 (atm), V = 2 (cm/s), Exposure time 30 (minutes)
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Reaction paths in a cool flame
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Reactions in radical branching path

Conditions : nC;H g/air, =1, P =1 (atm), V =2 (cm/s), T, nax = 700 (K)  KUCRS mech.
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Reactions in radical propagation path

Conditions : nC;H ¢/air, =1, P =1 (atm), V =2 (cm/s), T, nax = 700 (K) KUCRS mech.
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PRFs, ultra lean, higher resolution
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CH_, ultra lean and Xe dilution

Conducted for analyzing
Fuel: CH,; O./Inert = 0.141; ¢= 0.3 microgravity experiments
on interaction between
flameball and
counterflow flames
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Soot and PAH formations at
temperature below 1400 K
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Soot and PAH formations at
temperature below 1400 K
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Effect of radical quenching at wall
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Conclusions

Micro flow reactor with prescribed temperature profile
can be a new platform for study on chemical kinetics
particularly for low temperature conditions
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