JID: PROCI [m;July 8, 2016;19:26]

Available online at www.sciencedirect.com .
Proceedings

ScienceDirect of the
Combustion
Institute

Proceedings of the Combustion Institute 000 (2016) 1-7

www.elsevier.com/locate/proci

Ultra-lean combustion characteristics of premixed
methane flames in a micro flow reactor with a controlled
temperature profile

Tomoya Okuno **, Hisashi Nakamura ¢, Takuya Tezuka ?,
Susumu Hasegawa ¢, Kaoru Maruta -

& Institute of Fluid Science, Tohoku University, 2-1-1 Katahira, Aoba, Sendai 980-8577, Japan
Y [CE Lab., Far Eastern Federal University, Russky Island, Viadivostok, Russia

Received 4 December 2015; accepted 20 June 2016
Available online xxx

Abstract

Experiments and computations for CH4/O,/Xe and CH4/O,/N, mixtures at ultra-lean conditions using
a novel vertical micro flow reactor with a controlled temperature profile were conducted. The performance
of several chemical mechanisms was evaluated at equivalence ratios 0.3, 0.5, and 0.7, and at different dilu-
tion ratios by observing the weak flames. Comparisons between CH4/O,/Xe and CH4/O,/N, flame locations
indicated that CH4/O,/Xe mixtures have a higher reactivity than CH4/O,/N, flames both experimentally
and computationally. Furthermore, both experimental and computational results indicated that lower dilu-
tion and lower equivalence ratios increase reactivity. Comparisons between experimental and computational
weak flame positions showed that computational results obtained with San Diego mechanism showed the
best agreement to the experimental results compared to GRI-Mech 3.0 and AramcoMech 1.3. Comparison
between CH4/O,/Xe and CH4/O,/N, flame structures indicated that observable differences are seen between
1000 and 1100 K. Sensitivity analysis showed that OH radicals are important in determining the weak flame
location. Reaction path and rate of production analysis showed that OH radicals are largely produced by (R1)
H+ O, & OH +H, and are inhibited by the third-body related reactions represented by (R10) H+ O, +M
< HO; + M. Since the third-body collision efficiency is larger for N, than Xe, it was shown that the reactivity
becomes lower for N, mixtures than for Xe due to the larger effect of third-body reactions, which explained
the difference in reactivity for Xe diluted and N, diluted flames.
© 2016 by The Combustion Institute. Published by Elsevier Inc.
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1. Introduction
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Fig. 1. Computational counterflow flame regime ob-
tained by 3-D transient computations using a diffusive-
thermal model [8].

larly for low-Lewis number premixed flames. Only
recently have Takase et al. [7] succeeded in exper-
imentally and computationally obtaining a tran-
sition from planar flames to ball-like flames at
extremely low stretch rates by using CH4/O,/Xe
counterflow flames under microgravity. Subse-
quently, another study using 3-D transient compu-
tations by Fursenko et al. [8] on low-Lewis number
premixed counterflow flames have also indicated
the existence of an extended flammable region at
lower stretch rates and at lower equivalence ratios
than the extinction boundary of planar counter-
flow flames (see Fig. 1). In their studies, the ex-
tension of the flammable region was shown to be
due to the formation of multiple ball-like flames,
named sporadic flames [8]. In fact, microgravity
experiments under atmospheric pressures for low-
Lewis number premixed counterflow flames at ex-
tremely low stretch rates are scheduled for 2018 on
the KIBO module of the International Space Sta-
tion. Future investigations will be conducted in the
region of sporadic flames at extremely low stretch
with a long chemical time scale near the radia-
tive extinction. At these conditions, the flame tem-
perature becomes very low which is around 1000
1300 K due to radiative heat loss. Also, the mixtures
investigated will be at even leaner conditions than
the normal flammability limit. To conduct inves-
tigations on such conditions using computations,
a fully validated chemistry at ultra-lean mixtures,
and low temperatures under atmospheric pressure
is necessary.

In general, detailed chemical mechanisms are
validated in various flame configurations [9-14].
However, due to the experimental principles of
each methodology, flame stabilization and the eval-
uations of a chemical mechanism at ultra-lean con-
ditions are very difficult tasks. By using the mi-
crogravity environment, a study on the extinction
boundary of near-limit counterflow flames have
shown that the discrepancy between experimental

and computational extinction points of counter-
flow flames become larger as the equivalence ratio ¢
is decreased down to very lean conditions [5], which
indicated a further need for a valid chemical mech-
anism at ultra-lean and low temperature regions.
Since microgravity environments are not easily ac-
cessible, we have employed the micro flow reactor
with a controlled temperature profile in this study
[15-18]. The micro flow reactor can be applied to
near-limit or even outside of the flammability limit
conditions due to the compensation of the heat loss
by an external heater [19].

Past studies using the micro flow reactor with a
controlled temperature profile have shown that at
flame temperatures around the temperature region
of radiative counterflow flame extinction, flames
with weak luminescence called weak flames can be
observed inside the micro flow reactor [15]. In this
condition, the chemical time scale in the micro flow
reactor is also on the same order as that of coun-
terflow flames. Therefore, weak flames were chosen
to be the focus of the present study.

Weak flames observed in the micro flow reactor
have been studied from CO up to C16 [16] fuels. A
study on weak flames for gasoline primary refer-
ence fuel and toluene mixtures [17] by Hori et al.
showed that the multi-stage oxidization is observed
in the micro flow reactor, and investigation on the
reactivity of the mixture could be conducted by
comparing the weak flame locations. Furthermore,
a quantitative agreement for the weak flame loca-
tions between the computational and experimental
results were obtained, which demonstrated the ca-
pability of the micro flow reactor to validate chem-
ical mechanisms. The quantitative effect of radi-
cal quenching at the quartz wall was also found to
be negligible in the micro flow reactor [20,21]. An-
other study by Kamada et al. on the weak flames
for natural gas components have shown that quan-
titative agreements between experimental and com-
putational weak flame locations could be found for
C2-C4 carbon number fuels [18]. However, a large
discrepancy in the experimental and computational
weak flame locations existed for CHy/air flames at
stoichiometric conditions [18].

The present study expands upon this study of
CH, weak flames towards ultra-lean mixtures, and
compares the experimental weak flame locations to
computational weak flame locations obtained from
multiple detailed chemical mechanisms. Moreover,
the effect of the different diluents and third-body
reactions on the weak flame locations will be dis-
cussed.

2. Experimental and computational methods

A schematic of the present experimental setup is
shown in Fig. 2. A quartz tube with an inner diam-
eter of 2 mm was placed vertically and used as a re-
actor channel. The tube was heated along the tube

Please cite this article as: T. Okuno et al., Ultra-lean combustion characteristics of premixed methane flames
in a micro flow reactor with a controlled temperature profile, Proceedings of the Combustion Institute
(2016), http://dx.doi.org/10.1016/j.proci.2016.06.137



http://dx.doi.org/10.1016/j.proci.2016.06.137

Download English Version:

https://daneshyari.com/en/article/4915485

Download Persian Version:

https://daneshyari.com/article/4915485

Daneshyari.com


https://daneshyari.com/en/article/4915485
https://daneshyari.com/article/4915485
https://daneshyari.com

