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Abstract The temporal variation of chemiluminescence
emission from OH*(A2X*) and CH*(A%A) in reacting
Ar-diluted Hy/0,/CHs, C2Hy/02 and CoH,/N2O mix-
tures was studied in a shock tube for a wide tempera-
ture range at atmospheric pressures and various equiva-
lence ratios. Time-resolved emission measurements were
used to evaluate the relative importance of different reac-
tion pathways. The main formation channel for OH* in hy-
drocarbon combustion was studied with CH4 as benchmark
fuel. Three reaction pathways leading to CH* were stud-
ied with CoH; as fuel. Based on well-validated ground-
state chemistry models from literature, sub-mechanisms
for OH* and CH* were developed. For the main OH*-
forming reaction CH + O, = OH* + CO, a rate coeffi-
cient of k» = (8.0 +2.6) x 10'0 cm? mol~!'s~! was deter-
mined. For CH* formation, best agreement was achieved
when incorporating reactions C; + OH = CH* + CO (k5 =
2.0 x 10 cm?®mol~'s™!) and C,H + O = CH* + CO
(k¢ = 3.6 x 1012 exp(—10.9 kImol~!/RT) cm3>mol~'s~1)
and neglecting the CoH + O, = CH* + CO; reaction.

1 Introduction

Spontaneous light emission from chemically excited species
in combustion processes is frequently used for detecting
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the location of flame fronts [1], the heat release [2, 3],
and the equivalence ratio [4-7]. Blue light emission from
the CH (A2A — X2IT) transition is specific for hydro-
carbon combustion while the UV emission from the OH
(A?2x+ — X21) transition appears in hydrocarbon and hy-
drogen flames. Both, hereafter denoted as CH* and OH*
chemiluminescence (CL), respectively, are frequently used
for emission measurements in flame diagnostics. Electron-
ically excited species are more than four orders of magni-
tude less abundant compared to the corresponding ground-
state species. Therefore, they have a negligible influence on
the overall reaction progress and are usually not included in
conventional combustion kinetics models.

The simplicity of the chemiluminescence signal detection
compared to, e.g., laser-based diagnostics makes chemilu-
minescence emission spectroscopy very attractive for practi-
cal applications such as monitoring and controlling of com-
bustion processes. This, however, requires the coupling of
chemiluminescence signals with the underlying chemical
processes in a quantitative way. However, characterizing the
responsible reactions leading to chemiluminescence and de-
termining their associate rate coefficients is challenging.

This study aims at the extension and validation of an
existing OH* kinetics model [8] in hydrocarbon combus-
tion based on shock-tube experiments with methane-blended
hydrogen/oxygen mixtures following the approach of Hall
and Petersen [9]. The OH* concentration resulting from
the hydrocarbon combustion was calibrated with OH* sig-
nals from the well-known H,/O; system via the reaction
H+O+M=O0H*"+M.

Additionally, the formation of CH* during acetylene oxi-
dation was investigated by means of time-resolved measure-
ments of CH* chemiluminescence in the shock-tube. The
experiments were evaluated using a ground-state mecha-
nism upgraded by an additional CH* subset. The CH* mech-
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anism was optimized with regard to the experimental data
and the formation channels with the corresponding rate co-
efficients leading to CH* chemiluminescence were identi-
fied.

This paper is organized in four sections. The first section
gives a literature review of the kinetics of OH* and CH*.
Section 2 describes the shock-tube setup and the experimen-
tal conditions. This is followed by the description of the
modeling approach, the comparison between experimental
and computational results and the conclusions of the OH*
chemiluminescence in Hy /O, /CHy mixtures in Sect. 3. The
study of CH* and OH* chemiluminescence with the under-
lying modeling approach, the discussion of experiments and
simulations and the conclusions in acetylene oxidation are
given in Sect. 4.

2 Kinetics of electronically excited species
2.1 OH* kinetics

OH* chemiluminescence (CL) has been intensively investi-
gated and the formation pathways leading to OH* are fairly
well identified. A comprehensive literature review on OH*
CL in hydrogen oxidation is available in [8]. OH* forma-
tion was experimentally studied in various Hy /O, systems
[9-14]. Theoretical investigations [15—17] of the formation
pathways were done by ab-initio analysis by Skrebkov et
al. [15, 16] and Smekhov et al. [17]. More recently, Kopp
et al. [18] investigated the OH* chemiluminescence in var-
ious shock-heated Hy /O, mixtures for technical relevant
pressures up to 32 bar. They derived a pressure-dependent
rate coefficient for reaction (R1) based on a calibration
procedure. The rate coefficient was 1-order of magnitude
lower than the rate difference in the rate coefficient k; from
Kathrotia et al. [8]. In a previous study, we investigated
the OH* production in Hp oxidation by a combined ex-
perimental and numerical approach [8]. For calibration of
the measured OH* signals, high-temperature experiments
were used where OH* is present in the combustion mix-
tures at well-known equilibrium concentrations. The sig-
nals obtained from subsequent lower-temperature measure-
ments were then converted into absolute OH* concentra-
tions with an accuracy of £20 %. The temperature depen-
dence of OH* CL was monitored in shock-tube experiments
behind reflected shock waves and was compared with abso-
lute species concentrations computed with a homogeneous
reactor model. The mechanism describing the excited-state
species was validated against the measured absolute OH*
concentrations and the ignition delay times. The key reac-
tion of the OH* formation for hydrogen oxidation was con-
sidered as

H+O+M=0H"+M (R1)
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with a corresponding rate coefficient k; = 1.5 x 1013 x
exp(—25 kImol~! /RT) cm® mol s~

While OH* CL is weak in H, oxidation, it is strong in hy-
drocarbon combustion. OH* CL in hydrocarbon combustion
has been studied by several groups [11, 12, 19-25]. There is
agreement in identifying the key reaction leading to OH*
emission:

CH + O, = OH* + CO. (R2)
Carl et al. [26] showed that there is a proportionality be-
tween OH* formation and the product of CH and O; concen-
trations by means of molecular-beam-sampling threshold-
ionization mass spectrometry (MB-TIMS). Based on this
observation, they deduced that reaction (R2) is responsi-
ble for the OH* emission and recommended a rate coeffi-
cient of k, = 4.8 x 10'% cm?>mol~!s~!. Smith et al. [27]
measured absolute OH* and CH* concentrations in laminar
premixed CHy/air flames with different equivalence ratios.
They calibrated their spatially resolved images with respect
to computed excited-state species concentrations and de-
termined a rate coefficient k, = 1.8 x 10! ¢cm3 mol~!s~1.
Hall and Petersen [9] performed a series of shock-tube
experiments with Hy/O, and H;/O,/CH4 mixtures. By
fitting modeling results to their experimental observa-
tions, they also identified reaction (R2) as main chan-
nel with a temperature-dependent value for ky of 3.2 x
10" T-9%exp(—17.4 kJ/RT) cm3>mol~!s~!. Depending
on temperature, these kinetics coefficients differ by up to
three orders of magnitude. Recently, Kathrotia et al. [28]
studied OH* chemiluminescence in premixed low-pressure
flames for various methane-based mixtures. Based on their
flame calculations, they supported reaction (R2) using the
rate coefficient from Smith et al. [27].

2.2 CH* kinetics

For CH* CL there is disagreement in identifying the reac-
tion(s) leading to the formation of CH*. The dominating
pathway(s) and their suggested rate coefficients from liter-
ature also vary by several orders of magnitude. Broida et al.
[29, 30] identified CH* almost half a century ago, but ambi-
guity about the key reactions for its formation still persists.
The reaction producing CH* was suggested by Gaydon and
Broida [29, 31] as

Cz + OH = CH* + CO. (R5)

Porter et al. [20] suggested a rate coefficient of (RS5) to be
4.2 x 10" cm?mol~!s~!. Bleekrode and Nieuwpoort [32]
derived from radiative lifetimes of CH a range for ks of
6.0 x 10" to 6.0 x 10'2 cm3>mol~'s~!. Bulewicz et al.
[33] later supported reaction (RS) and derived a rate coef-
ficient of k5 = 4.8 x 10'2 cm® mol~! s~! via absorption and
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emission experiments for various species (C,, CH, OH) in
a low-pressure burner. Based on their premixed flame ex-
periments, Smith et al. [27] recommended the value k5 =
1.1 x 103 ecm?>mol~!s~!. They pointed out that reaction
(R5) plays a minor role for CH* formation with a contribu-
tion less than 10 %.

Glass et al. [34] rejected the relevance of reaction (RS5) as
dominating pathway and introduced the reaction of ethynyl
(C2H) radicals with atomic oxygen. Also Brennen and Car-
rington [35] and Grebe and Homann [23] privileged the fol-
lowing reaction as the main channel:
C;H+ O =CH* + CO. (R6)
Based on highly resolved spectroscopic investigations of
CH* CL, Brockhinke et al. [36] also concluded that R5 can
only play a minor role in the formation scheme of CH*.
This formation reaction is accompanied by a large excess
of free enthalpy, whereas the measured spectra did not show
such effects. Therefore, they suggested that CH* is formed
with little excess energy only (such as from R6). Joklik
et al. [37] showed in their low-pressure acetylene flame
the dominance of the latter reaction, but suggested a value
for kg = 7.0 x 10'%2 cm? mol~!s~! which is one order of
magnitude higher than the recommended value stated in an
earlier work from Grebe and Homann [23]. Reaction (R6)
was also supported by Devriendt et al. [38]. They deter-
mined the room-temperature rate coefficient by means of
a pulsed laser photolysis study of the CoH,/N,O system.
The rate coefficient of the reaction (R6) was determined by
using the well-quantified chemiluminescence of NO + O
(i.e., NO3 CL) as reference. The rate coefficient for reac-
tion (R6) was found to be 1.1 x 103 cm? mol~'s~!. One
year later, Devriendt and Peeters [39] presented a study of
mixtures containing C,H,/O/H using an isothermal flow
reactor coupled with MB-TIMS to quantify C,H and oxy-
gen atoms. Again, CH* CL signal intensities were linked
to NO; CL as internal standard to derive absolute CH*
concentrations. They found proportionality between CH*
emission intensity and [CoH] x [O]. Based on this obser-
vation, they estimated a rate coefficient for kg = 1.4 x
1013 exp(—1.9 kJmol_l/RT) cm3mol~!s~!. Based on the
calibration procedure of the optical detection system de-
scribed in the previous section, Smith et al. [27] introduced
a rate coefficient kg = 6.2 x 10'2 cm® mol~! s~! which was
considered as the main formation channel leading to CH* in
premixed CHy/air flames. Afterwards, the authors investi-
gated CH* formation in CH4/N,O flames in [13] using the
same calibration procedure stated in [27]. They found that
CH* CL cannot solely be described by reaction (R6) with
their recommendation of k¢ in [27]. The CH4/N>O flame
experiments revealed that a rate coefficient of kg = 2.5 %
10'2 cm® mol~!'s~! [13] is required which is slightly lower

than their previous recommendation. Based on their shock-
tube study, Hall et al. [40] estimated a rate coefficient of
ke = 5.2 x 10" exp(—10.9 kIJmol~!/RT) cm?mol~!s~!.
The study revealed that the main reaction channel was at-
tributed to the reaction (RS5). In the same study, they de-
termined an exceptionally high rate coefficient of k5 =
2.0 x 10" cm®mol s 1. Recently, Elsamra et al. [41]
deduced from their pulsed laser photolysis study for He-
diluted C,H;/0, mixtures a value of kg = 6.0 X 1012 x
exp(—1.9 kImol™!/RT) cm®mol~'s~!. They considered
(R6) as major source of CH* production especially for fuel-
rich conditions.

A third CH* formation pathway was proposed in the
early 1960s by Hand and Kistiakowsky [42] which was sup-
ported by Gutman and Matsuda [43] and Matsuda et al. [44].
They postulated that the reaction of C,H radicals with O,
strongly contribute to the production of CH*:

C,H 4 0, = CH* + CO;. (R7)

Other studies were devoted to the investigation of re-
action (R7). A laser photolysis study by Renlund et al.
[45] favored (R7) as important pathway for CH* for-
mation. Hwang et al. [46] also supported this recom-
mendation and deduced a rate coefficient (k7 = 4.10 x
1013 exp(—4.5 kJmol_l/RT) em’mol~!s™!) for reaction
(R7) based on shock-tube investigations. From time-resolved
CH* CL after laser photolysis of Co;Hp/N,O mixtures at
room-temperature, Devriendt et al. [38] deduced a rate co-
efficient k7 = 2.2 x 10'9 cm® mol~! s~! which is 500 times
lower than their recommendation of kg. Smith et al. [27]
primarily excluded the relevance of (R7) based on their
modeling approach for CH4/O, flames. Later on, however,
they found out that the model overpredicts the monitored
CH* in CH4/N,O flames [13] in cases where only reaction
(R6) was considered. Hence, they proposed for k7 = 3.2 x
10! exp(—6.7 kImol ™' /RT) cm® mol~! s~!, which was de-
rived from flame experiments with different [O]/[O5] ratios.
Elsamra et al. [41] published a temperature-dependent rate
coefficient for (R7) of 6.0 x 1074744 exp(9.6 kJ mol ™!/
RT) cm®mol~'s~!. They denoted the importance of the
latter reaction particularly for hot flames under fuel-lean
conditions. Recently, Kathrotia et al. [28] investigated CH*,
OH* and C; chemiluminescence in various premixed low-
pressure flames. Their modeling revealed that the available
rate coefficient k7 from Elsamra et al. [41] strongly overpre-
dicts the CH* concentration. Depending on the equivalence
ratio they revised the recommended rate coefficients for the
three potential reaction pathways (R5)-(R7).

All these studies pointed out the difficulties in undertak-
ing quantitative measurements. There is a large scatter not
only in determining the major channel leading to CH* CL
in various hydrocarbon systems, but also in providing rec-
ommendations of their respective rates. Therefore, the aim

@ Springer



518

M. Bozkurt et al.

Table 1 Mixture composition and experimental conditions of shock-heated methane-blended hydrogen/oxygen experiments

Mixture % Hy % O, ppm CHy T5/K ps/bar

A 2.000 1.000 - 1440-3180 0.90-1.40
B 2.000 1.000 250 1384-2251 1.22-2.34
C 2.000 1.000 500 1410-2249 1.74-2.11

Table 2 Mixture compositions and experimental conditions of shock-heated acetylene/oxygen and acetylene/nitrous oxide experiments

Mixture % CyH, % Oy % N,O % Ar ¢ T5/K ps/bar

D 0.10 0.20 - 99.70 1.25 1470-2266 1.74-1.95
E 0.10 0.25 - 99.65 1.00 1346-2504 1.18-2.01
F 0.10 0.33 - 99.57 0.75 1721-2507 1.19-1.44
G 0.10 0.50 - 99.40 0.50 1772-2535 1.10-1.47
H 0.10 - 0.50 99.40 1.00 1886-2497 1.13-1.46
| 0.10 - 0.67 99.23 0.75 1783-2455 1.18-1.40
J 0.10 - 1.00 98.90 0.50 1739-2449 1.18-1.42

of our work is to improve the knowledge of the formation
pathways leading to CH* CL and determining their corre-
sponding kinetics data via linking shock-tube experiments
and numerical modeling.

3 Experimental

The experiments were carried out in a stainless-steel shock
tube with a constant inner diameter of 79 mm. An aluminum
diaphragm (thickness: 50 um) divides the shock tube into the
driver section (length: 3.5 m) and the driven section (length:
5.7 m). Hydrogen was used as driver gas. The driver section
was pumped down to 102 mbar. Prior to each experiment
the driven section was turbo-pumped to final pressures be-
low 3 x 10~8 mbar.

Gas mixtures were prepared in a stainless-steel cylin-
der using the partial-pressure method. The cylinder was
also evacuated by a separate turbo-molecular pump in be-
tween experimental series. The stated purities were Ar >
99.9999 %, N20O > 99.999 %, Oy > 99.998 %, CH4 >
99.999 % and C,H; > 99.6 %. The shock speed was mea-
sured over three intervals using four piezo-electric pressure
transducers with a time resolution of the data acquisition of
0.4 ps. The temperature 75 and pressure p5 behind the shock
wave were computed from measured incident shock-wave
velocity and speed attenuation using a one-dimensional
shock model (shock tube code of the CHEMKIN Package
[47]) with respect to the initial conditions p; and T;. The es-
timated uncertainty in reflected shock temperature was less
than +15 K in the temperature and time range of our mea-
surements. The pressure ps and temperature 75 values be-
hind the reflected shock wave as well as the mixture compo-
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sitions for the experiments are given in Table 1 (H,/CH4/O>
experiments) and Table 2 (C;H/0O2/N;>O experiments).

Four optical ports were located 40 mm upstream of the
end flange and allow the detection of chemiluminescence.
Measuring chemiluminescence with high temporal resolu-
tion requires limiting the detection to a small volume within
the shock tube. Hence, two slits were placed at 15 and
45 mm in front of each detector to limit the detection solid
angle. Widths of 0.2 mm and 1 mm were selected to pro-
vide an optimal balance between signal strength and time
resolution. This setup provided a time resolution of 1 ps
as determined from the light collection angle and the pass-
ing velocity of the reflected shock wave. Interference fil-
ters with center wavelengths of Agy+ =307 nm and Acy* =
430 nm (both 10 nm full width at half maximum) were lim-
iting the spectral detection to OH* and CH* chemilumi-
nescence from the transitions in the A—X system, respec-
tively. The chemiluminescence radiation was detected by
two photomultipliers (OH*: Hamamatsu 1P28, CH*: Hama-
matsu R955) with constant amplification voltage for all pre-
sented measurements. To ensure sufficient time resolution of
the signal detection, 10 k€2 and 3.8 k{2 resistors were con-
nected in parallel to the amplifiers for the OH* and CH* de-
tectors, respectively. The time resolution of each setup was
investigated for various resistors by investigating the signal
recorded from the input of short square pulses (duration:
1 ps) of an LED. A compromise between time resolution
and signal intensity was chosen with selecting a time reso-
lution of 2 ps that matched the time resolution of the optical
arrangement. Care was taken not to change the optical con-
figuration during the set of experiments.

Corresponding OH* and CH* concentrations were sim-
ulated using a homogeneous reactor model with regard to
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Table 3 Reaction kinetics scheme of OH* species. Reaction rate coefficient k = AT" exp(—E /RT)

No. Elementary reaction A (cmmols) n E/kJ mol~! Reference

R1 H+O+M=O0H*+M 1.50E+13 0.0 25.0 [8]

R2 CH + O, = OH* + CO 8.00E+10 0.0 0.0 Present work

R3 OH* = OH + hv 1.45E+06 0.0 0.0 [27]

R4,1 OH* + 0, =0OH + O, 2.10E+12 0.5 —-2.0 [24]

R4,2 OH* + H,O = OH + H,0 5.93E+12 0.5 -3.6 [54]

R4,3 OH* +H,; = OH + H, 2.95E+12 0.5 -19 [54]

R4,4 OH* + N, = OH + N, 1.08E+11 0.5 5.2 [54]

R4,5 OH* + OH = OH + OH 6.01E+12 0.5 3.2 [54]

R4,6 OH* +H=O0OH+H 1.31E+12 0.5 —-0.7 [54]

R4,7 OH* + Ar=OH + Ar 1.69E+12 0.0 17.3 [25]

With M = [Hy] + 6.5[H,0] 4 0.4[O7] + 0.4[N>] + 0.35[Ar]

the initial mixture composition, temperature and pressure 5 T T T T

behind the reflected shock wave. Constant volume was as-

sumed and the temperature was calculated for adiabatic con- O?E 4r i

ditions using a 0-D model (Aurora in CHEMKIN Package o 3 CH+ 0O, =0H"+CO

[47]). The underlying reaction mechanisms are described in g i |

Sects. 4.1 and 5.1. Forward as well as backward reactions e 5 W

were considered. e ‘ N H+O+M=0H"+M
~ ‘ 1
= o1t wad i
£ wﬁnﬂ e ]

. _ . . o "'4- \"x.,,‘.‘n\
4 OH" chemiluminescence in CH4/O; mixtures o) ]
4.1 Numerical model 0 200 400 600 800
Time / us

The correct description of the reactions relevant for chemi-
luminescence crucially depends on the correct description
of the underlying ground-state chemistry and the elemen-
tary reactions that quench the electronically excited states.
In the present work, the GRI3.0 mechanism with 53 species
and 325 elementary reactions [48] was used which is exten-
sively validated for methane combustion for a wide range
of conditions. A quantitative study of OH* requires accurate
knowledge of the time-dependent concentration of the corre-
sponding precursor species leading to the formation of OH*,
such as CH. GRI3.0 mechanism precisely predicts abso-
lute CH concentrations, which was previously demonstrated
for premixed low-pressure methane/air flames at various
equivalence ratios by Berg et al. [49]. Especially for near-
stoichiometric conditions, an almost perfect agreement of
CH concentration and peak position as function of the height
above the burner (HAB) was found. The model for OH* CL,
consisting of reaction H+ O + M = OH* + M (R1) and
the corresponding quenching reactions, was adopted from
our previous Hy /O3 study [8]. Additionally, the CH+ O, =
OH* + CO (R2) reaction was included. The OH* formation
and consumption reactions and their corresponding rate co-
efficients are summarized in Table 3. The OH* mechanism is

Fig.1 Comparison of the temporal variation of the OH* concentration
from two shock-tube experiments at 75 = 1621 K and ps = 1.49 bar
with mixture A (grey line) mixture B (black line)

validated by comparing the simulations with absolute OH*
concentration measurements.

4.2 Results and discussion

A calibration factor was determined that connects the mea-
sured signal intensity with the corresponding OH* concen-
tration. According to the procedure described in [8], high-
temperature Hy /O, experiments (75 > 2800 K) were car-
ried out where well-defined OH* concentrations can be de-
termined based on an equilibrium resulting from OH+M =
OH* + M. Using this calibration—with an estimated error
of 420 % as stated in [8]—measured OH* CL intensities
were converted into absolute species concentrations. Fig-
ure 1 (grey line) shows a typical temporal variation of the
OH* concentration for an experiment with a pure Hy/O»
mixture. It shows a rapid formation of OH*, which is ex-
clusively formed by (R1) followed by slow depletion via
radiative decay (R3) and collisional quenching (R4). For
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8 T T T T T T T T T T 12
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Fig. 2 Absolute OH* concentration (simulation: solid grey line, ex-
periment: solid black line) with regard to the normalized rate-of-pro-
duction (ROP) of reaction (R1) H+ O + M = OH* + M (dotted line)
and reaction (R2) CH + O, = OH* + CO (dashed line) forming OH*.
Initial modeling conditions: 75 = 1884 and ps = 1.76 bar and mix-
ture B

the CHy-blended H; /O, mixture (black line), one can see
a similar temporal behavior of the OH* concentration with
a slow depletion phase. But the formation is significantly
different compared to the pure Hp /O, case. It shows a char-
acteristic two-stage behavior. In the first stage, the concen-
tration of the CHy-containing mixture shows a first steep
increase of OH* forming a peak, which afterwards rapidly
declines. In the second stage, the OH* concentration merges
into the slower depletion phase via reaction (R3) and (R4),
as also occurs in pure Hy /O, mixtures. This two-phase be-
havior is attributed to the kinetics of the two reaction chan-
nels forming OH*, (R1) and (R2). The rate-of-production
(ROP) analysis (dotted lines shown in Fig. 2) supports the
dual-channel behavior. In hydrocarbons, reaction (R2) dom-
inates the OH* formation and contributes almost three times
more OH* than (R1). The consumption of OH* in the first
phase where reaction CH+ O, = OH* 4 CO (R2) dominates
is mainly attributed to the depletion of the CH concentration.
In this phase, the OH* profile follows the concentration-time
profile of CH. Afterwards, reaction (R1) viaH+ O+ M =
OH* + M arises and contributes to the OH*-CL emission,
which slowly decreases.

Based on our shock-tube experiments, the reaction rate
coefficient of the OH* formation reaction (R2) was opti-
mized with regard to absolute OH* concentration, while
keeping the other reaction rates constant. An initial value
for ko is adopted from Smith et al. [27]. This value was
varied—for each shock-tube experiment for mixtures B and
C—until the experimental and computed concentration pro-
files matched for the first peak. A rate coefficient equal to
8.0 x 10'% cm® mol~!s~! was found to give the best-fit to
the entire set of experimental data.
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Fig. 3 Comparison of the experimental OH*-concentration profile
(symbols) with simulation using rate coefficients for the reactions (R1)
and (R2) from the present work (dashed line), from Hall and Petersen
[9] (dotted line, data divided by a factor of 10) and Smith et al. [13]
(dashed line) for mixture B at 75 = 2116 K and p5 = 1.22 bar

Figure 2 shows a comparison of an experimental (solid
black line) and simulated (solid grey line) OH* concentra-
tion profile. The simulation reproduces well the two-stage
formation of OH*, which is primarily formed via CH+ 0O, =
OH* + CO (R2) and then later by H+ O+ M =OH* + M
(R1). Good agreement was found in terms of profile shapes,
absolute species concentration and peak position for a wide
range of experimental conditions (for brevity not shown
here).

Additionally, rate coefficients of the reaction (R2) taken
from literature (Smith et al. [27] and Hall and Petersen
[9]) were used to simulate the OH* concentration-time be-
havior based on our experimental data. Figure 3 shows
the measured and the simulated OH* concentration pro-
files, based on the conversion of the measured OH* in-
tensity into absolute species concentrations and the de-
rived rate coefficients k; and k> from the present study
in comparison to the results of the data of the literature.
The peak concentration of OH* was notably overpredicted
when using the rate coefficients from Hall and Petersen
[9]. A difference of measured and simulated concentra-
tions of more than one order of magnitude was obtained
for both reaction pathways (R1) and (R2). In cases when
simulating the OH* concentration with the values from
Smith et al. [27], the OH* concentration was overpredicted
by a factor of two. The first-stage peak concentration via
(R2) was about three times higher than the experimental
data, whereas the second-stage peak concentration via (R1)
was almost two times higher than the experimental data.
The best agreement was achieved with the rate coefficients
ki = 1.5 x 103 exp(—25.0 kImol~!/RT) cm®mol 25!
and ky = 8.0 x 10'% cm® mol~!s™!, respectively.



Investigation of the kinetics of OH* and CH* chemiluminescence in hydrocarbon oxidation 521

10" : . . : .
10" i
©° 12
£ 10°F E
©
=
2
"
:N 10 E
______ ATLA_4A_A_ b
1010 I I I
4 5 6 7 8

10000K/ T

Fig. 4 Arrhenius plot of the rate coefficients for the reaction
CH + O, = OH* 4+ CO (R2). - - - Smith et al. [27]; —— Hall and
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Rate coefficients for k, available in literature are shown
in an Arrhenius representation in Fig. 4. Our suggested rate
coefficient is slightly higher than the value by Porter et
al. [20] and Grebe and Homann [23]. The rate coefficient
from Smith et al. [27] is about two times higher than our
value. With regard to the underlying experimental and mod-
eling uncertainties, there is an agreement for the range of
k» around 10'! cm?® mol~! s~!. The recommendations from
Hall and Petersen [9, 50], however, are more than two orders
of magnitude higher.

The uncertainty in the rate coefficient ky can be divided
into systematic and statistical contributions. The determina-
tion of the rate coefficient depends on the absolute OH* con-
centration and therefore on the calibration procedure. The
error for the calibration of the optical system can be es-
timated as £20 % [8]. The computed OH* concentration,
which was used to fit the profiles with regard to the ex-
perimental intensities profiles, strongly depends on the CH
concentration. Berg et al. [49] estimated the uncertainty of
the computed ground-state CH concentration to be £15 %
for the GRI3.0 mechanism. Additional systematic errors of
+5 % can be connected to the quenching rate coefficients.
In the data analysis the modeled OH* concentration was fit-
ted with regard to the measured one by varying the rate co-
efficient k. Each individual experiment directly leads to the
determination of a k» value. A contribution of =20 % covers
this statistical error. The influence of the temperature uncer-
tainty of £15 K in the determination of the gas temperature
was considered and it was found to be negligible compared
to the other uncertainties. The errors are combined as square
root of sum, including all of the uncertainties in the determi-
nation of the k, values. Thus, the overall uncertainty in k» is
+32 %.

5 OH* and CH* chemiluminescence in C;H;/0,
mixtures

5.1 Numerical model

The underlying ground-state model from Wang and Laskin
[51] used in this work describes the high-temperature oxida-
tion of CoH; with 75 species and 529 reactions. The mech-
anism was validated for a wide range of conditions with
regard to shock-tube experiments, laminar burning velocity
and burner-stabilized flames before. Originally, this mecha-
nism did not contain reactions involving C, species, which
are assumed to be potential precursors for CH* formation.
Therefore, a C, sub-mechanism recommended by Williams
and Pasternack [52] that consists of 18 reactions was im-
plemented. It contains potential formation and consumption
reactions of C, species. We ensured that these modifications
did not affect the base mechanism by comparing the original
and the modified mechanisms with regard to the published
validation data for the relevant species (OH and CO») and
ignition delay times. No notable differences were observed.

To represent the excited-state chemistry a sub-mechanism
was implemented, which incorporates OH* and CH* for-
mation pathways as well as their corresponding quenching
reactions. A detailed description of the OH* subset is pre-
sented in the previous section and the reaction scheme is
given in Table 3. The CH* mechanism consists of three for-
mation reactions (R5)-(R7) adopted from [53] and 12 con-
sumption reactions taken from Tamura et al. [54]. As initial
values for the simulation, rate coefficients for CH* forma-
tion reactions were originally taken from Hall et al. [40].
The CH* formation and consumption reactions and their
corresponding rate coefficients are summarized in Table 4.

The acetylene model was exclusively developed for
C,>H; and C,Hy combustion with O, as primary oxidizer. In
the present work, the mechanism of CH* CL was primarily
validated against the shock-tube experiments with CoH; /O,
mixtures. An optimization is performed by comparing nor-
malized experimental and simulated chemiluminescence in-
tensities and peak times, i.e., the time interval between the
arrival of the reflected shock and the maximum of the CH*-
CL emission. Additionally, time-resolved normalized mea-
sured emission and simulated concentration traces are com-
pared. Rate coefficients are derived for the CH* formation
reactions (R5) and (R6).

The CH* sub-mechanism derived from the CoH, /05 ex-
periments was applied to predict the experimental results for
C,yH;, /N, O mixtures. To our knowledge, a validated acety-
lene ground-state model incorporating O, oxidation as well
as NO, chemistry does not exist so far. Therefore, the acety-
lene oxidation model described above was extended by an
additional subset of NO, chemistry adopted from GRI3.0
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Table 4 Reaction kinetics scheme of CH* species. Reaction rate coefficient k = AT" exp(—E /RT)

No. Elementary reaction A (cmmols) n E /kImol ! Reference
RS C, + OH=CH* 4+ CO 2.00E+14 0.0 0.0 Present work
R6 C,H+ O =CH*+CO 3.64E+12 0.0 10.9 Present work
R7 C,H + O = CH* + CO, Excluded, see text
R8 CH*=CH+ hv 1.86E+06 0.0 0.0 [54]
R9,1 CH* + 0, =CH+ 0O, 2.48E4-06 2.1 -7.2 [54]
R9,2 CH* 4+ CO, = CH + CO, 2.40E—-01 43 -7.1 [54]
R9,3 CH* 4+ CO=CH+ CO 2.44E+412 0.0 0.0 [54]
R9.4 CH* + CH4 = CH + CHy 1.73E+13 0.0 0.7 [54]
R9,5 CH* + H,0 = CH + H,0 5.30E+13 0.0 0.0 [54]
R9,6 CH*+H=CH+H 2.01E+14 0.0 5.7 [54]
R9,7 CH* + OH = CH + OH 7.13E+13 0.0 5.7 [54]
R9,8 CH* + H, =CH+ H, 1.47E+14 0.0 5.7 [54]
R9,9 CH* + Ar=CH + Ar 3.13E+11 0.0 0.0 [54]
R9,10 CH* +N; =CH+ N, 3.03E+11 34 —-1.7 [54]
R9,11 CH* + N,0 =CH + N,0 5.00E+13 0.0 0.0 [55]
[48] in order to reproduce the C,H> /N> O shock-tube exper- 1006 10000 ¢
iments. This additional nitrogen-chemistry subset was orig-
inally implemented in a CH4-combustion model and there- 10l 1 1000l ° |
fore contains cross-reactions linking nitrogen with hydrocar- < © i ]
(=
bon chemistry. The previously derived CH* reaction scheme 2 2
based on the CoH» /05 study was kept constant without fur- . 1L 4 \ﬁ 100 4
ther changes. 5 & [ o
~ *I L
) . . £ 01l 1€ g0l ]
5.2 Results and discussion of CaH; /O, experiments o A E
o I ]
Over 80 experiments were carried out under various condi- 001+ S E
tions in a temperature range from 1354 to 2535 K with pres- 3 4 5 6 78 3 4 5 6 7 8
a 10000K/ T b 10000K/ T

sures from 1.1 to 2.0 bar using Ar-diluted CoH,/0O; mix-
tures. The experimental conditions cover a wide range of
temperature, pressure and equivalence ratios from fuel-rich
to lean conditions, cf. Table 2.

Figure 5a shows the comparison of typical normalized
CH* peak intensities from the experiment and simulated
CH* peak concentrations. The data were normalized with re-
spect to the reference temperature of 75 = 1900 K. The cor-
responding measured and simulated peak times are shown
in Fig. 5b. The CH* peak intensities increase exponentially
with temperature, while the peak times show an opposed
effect; namely the induction time decreases for increasing
temperatures. This temperature dependence of CH* chemi-
luminescence can be observed for all equivalence ratios (for
brevity not shown here).

In order to show the importance of the different path-
ways forming the chemiluminescence intensities (R5)—(R7),
the data were evaluated by normalizing the CH*-CL inten-
sities for lean conditions with respect to the corresponding
value for the stoichiometric mixture. These data are plotted

@ Springer

Fig. 5 Measurement (symbols) and simulation (line) of (a) CH*
chemiluminescence intensities normalized to the corresponding value
at T = 1900 K and (b) delay times for peak CH* for mixtures with
0.10 % CyH3 and 0.25 % O, in Ar

for three different temperatures as a function of equivalence
ratio. Overall, the normalized intensities decrease with in-
creasing Oy concentration (cf. Fig. 6), which was used to
separate the impact of the three formation reactions. This
effect was already stated by Hall and Petersen [40] in an ear-
lier CH4/0; shock-tube study. They observed the decrease
of CH* for fuel-lean CH4 /0O, mixtures and concluded that
it was impossible to match the CH* reduction with their
kinetics model if reaction Co;H + O, = CH* 4+ CO, (R7)
was involved. Based on our modeling, we agree with this
conclusion, because our model cannot retrace the decreas-
ing CH* CL in the presence of (R7). If the formation re-
action of CH* via (R7) with a rate coefficient larger than
1.0 x 10" cm®mol~!s~ 1 is incorporated, the CH* CL lin-
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Fig. 6 Experimental (symbols) and simulated (/ines) CH* chemilumi-
nescence normalized to the corresponding value at ¢ = 1.0 for three
different temperatures in C;Hy, Oz, Ar mixtures. The dash-dotted line
represents the modeling results when additionally incorporating reac-
tion (R7) with the rate coefficient of 1.0 x 10! cm? mol~!s~!

early increases with increasing O, concentration (cf. Fig. 6),
which is not consistent with our experimental observations.
Furthermore, the experimental and modeled CH* peak times
were slightly underpredicted when taking (R7) into account
(for brevity not shown here). Generally, the kinetics model
involving reactions (R6) and (R7) produced more CH* for
higher O, concentrations. Our model revealed that only re-
action Cy + OH = CH* + CO (R5) can account for this re-
duction behavior.

Neglecting the formation reaction of CH* via CoH +
0, = CH* + CO; (R7) had not been considered in other
recent studies. Therefore, an extensive evaluation of the rel-
evance of reaction (R7) was required. Therefore, additional
simulations using the CH* sub-mechanism from the present
study (cf. Table 4) and additionally incorporating (R7) with
recent literature values for k7 were performed. With the most
recent rate coefficient for k7 from Elsamra et al. [41], the re-
duction of the CH* CL as function of equivalence ratio seen
in Fig. 6 cannot be predicted by the model and the main
chemiluminescence formation becomes controlled by (R7)
which is again in contradiction with the recent study from
Kathrotia et al. [28]. They observed an eightfold overpre-
diction of CH* CL especially for fuel-rich conditions when
considering the rate coefficient from Elsamra et al. [41].

When considering the corresponding rate coefficient k7
from Devriendt et al. [38], which is about one order of mag-
nitude lower compared to the value from [41], the simula-
tions show a slight reduction of CH* CL for excess of O.
However, this signal reduction is not as pronounced as in
the experiments. With the values from Devriendt et al. [38],
good agreement between the simulated and the measured
dependence on the equivalence ratio was achieved when
the rate coefficient of the quenching reaction CH* 4+ O =

1-4 T T T T T T T T T
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Fig. 7 Comparison of the temporal variation of the normalized CH*
chemiluminescence (symbols) and the CH* concentration (solid line)
simulated with ks and k¢ from the present work. The dotted lines rep-
resent the modeled CH* traces for variations of ke by a factor of 2. The
mixture composition is 0.10 % C,H; and 0.33 % O diluted in Ar at
T5 = 2300 K and p5 = 1.32 bar

CH + O (R9,1) is increased by a factor of two which com-
pensates for the slow rate of Devriendt. However, Tamura et
al. [54] stated an error limit of £15 % for the corresponding
quenching rate. Therefore, the given rate coefficients k7 are
too high to account for our experimental results. Recently,
Kathrotia et al. [28] also pointed out the overprediction of
CH* CL when considering the available rate coefficients
of k7. Overall, the formation of CH* in the present study is
mainly dominated by the reactions C, + OH = CH* + CO
(R5) and C,H + O = CH* 4 CO (RO6).

The equivalence-ratio-dependent reduction in CH* was
used to identify the main formation reactions (R5) and (R6).
The best correlation between measurement and simulation
can be obtained with ks = 2.0 x 10" cm? mol~'s~! and
ke = 3.6 x 102 exp(—10.9 kJmol~!/RT) cm?®mol~!s~!.
The starting values for the rate coefficients ks and kg were
originally taken from Hall et al. [40]. However, our mod-
eling could not reproduce the temperature dependence of
the normalized CH* CL when considering the original val-
ues from [40]. Based on a sensitivity analysis the authors
showed that the CH* formation is highly sensitive to the rate
coefficient ks, whereas kg is of minor importance. We kept
ks constant, while k¢ was increased to fit the experimental
data with regard to the recommendation of k¢ from [40]. Ac-
cording to Smith et al. [27] it should be pointed out that any
combination of the chosen rate coefficients ks and kg with
the same net rate of production will reproduce the experi-
mental data. To overcome this ambiguity, more direct mea-
surements of absolute CH* concentrations are required.

A typical temporal variation of a normalized CH*-CL
signal for C;H; /O, mixtures is shown in Fig. 7. After an in-
duction time, the CH* emission increases, reaches its max-
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Fig. 8 Measurement (symbols) and simulation (line) of (a) OH*
chemiluminescence intensities normalized to the corresponding value
at 7 = 1900 K and (b) delay times for the occurrence of the OH*-CL
peak for mixtures with 0.10 % C,Hj3 and 0.33 % O3 in Ar

imum and afterwards decays. The measured CH* concen-
tration is well reproduced by the simulation. Overall, good
agreement of the temperature dependence, of the CH*-CL
intensities and peak times (Fig. 5), the CH* signal reduc-
tion for lean mixtures (Fig. 6), and the temporal variation of
the CH* emission (Fig. 7) was obtained for a wide range of
conditions and for all three investigated equivalence ratios.

OH* CL shows also a temperature dependence of the
peak concentrations (Fig. 8a) which is not as pronounced
as found for CH*. The peak times given in Fig. 8b de-
crease with increasing temperature. Based on our OH* sub-
mechanism derived in the previous section and tabulated in
Table 3, the OH* formation in CoH, /O, system was mod-
eled. Good agreement of the simulated and measured tem-
perature dependence of OH*-CL intensities and peak times
were found (Fig. 8). The simulation accurately predicted the
temporal variation of the OH* CL profile (Fig. 9). The subset
of OH* chemistry derived from our Hy /CHy4/O; study well
predicts the OH* profiles. The ROP analysis revealed that
only reaction (R2) leads to the OH* CL formation, whereas
reaction (R1) reverses and consumes OH™*.

5.3 Results and discussion: C;H /N> O experiments

Based on our experimental and modeling study of CoH, /02
combustion, the CH* formation channels via (R5) and (R6)
were identified to be responsible for the CH* CL in this
reaction system. The existing OH* kinetics model involv-
ing (R1) and (R2) as formation pathways well reproduced
the observed OH* CL. The relative importance of (R6) vs.
(R7) was investigated by increasing the O-atom concentra-
tion by adding N,O to the mixture. For this purpose, the
acetylene-oxidation and chemiluminescence model was up-
graded by an additional subset of NO, chemistry described
in Sect. 5.1. It was ensured that the NO, chemistry did not
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Fig. 9 Comparison of the temporal variation of the normalized OH*
chemiluminescence (circles) and the simulated OH* concentration
(line). The simulation is performed with the rate coefficients k5 and
ke suggested in the present work. The mixture composition is 0.10 %
CyHz, 0.50 % O, diluted in Ar. The experimental conditions are
Ts = 1900 K and p5 = 1.32 bar
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Fig. 10 Comparison of the temporal variation of the normalized CH*
chemiluminescence (symbols) and the CH* concentration (line) simu-
lated with the rate coefficients k5 and k¢ from this work. The mixture
composition is 0.10 % C,Hj, 1.00 % N, O diluted in Ar at 75 = 1900 K
and ps = 1.32 bar

influence the predictions for CoH»- and O;-containing mix-
tures.

The temporal variation of the CH*-CL emission is shown
in Fig. 10. CH* was formed quasi instantaneously behind
the reflected shock wave. The fast decomposition of N>O,
even for low temperatures, provides a high amount of O
atoms which are consumed by subsequent chain-branching
reactions forming additional radicals. Therefore, the rad-
ical pool further accelerates the CH* formation and the
experiments show a significantly faster ignition delay and
peak time compared to CoH»/O; system. Figure 11 shows
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Fig. 11 Measured (symbols) and simulated (lines) activation energies
E for the normalized CL intensities of (a) CH* and (b) OH* using the
expression CL/CL1=1900 kK = A exp(— E /RT) for mixtures with CoH;
and O, (open triangles) and CoH, and N, O (open circles) as a function
of equivalence ratio ¢

the activation energy E (i.e. activation temperatures multi-
plied with the gas constant R) of the normalized CH* and
OH* CL intensities—the temperature-dependent intensities
and ignition delay times were described empirically by an
Arrhenius-like equation (CL/CL7_1999 xk = A exp(—E/RT)
and T = Aexp(—E/RT), respectively). Both species show a
strong temperature dependence of the CL intensities. Com-
pared to those experiments with CoH»/O» (activation en-
ergy E = 1-2 kJmol™!) the temperature dependence in-
creased for mixtures with N,O (activation energy E =
3 kJmol~!). The CH* and OH* kinetics models based on
the previous CoH,/0; study reproduce the normalized CL
intensities and peak times for C,H,/N>O without requir-
ing any changes. The kinetics model presented in this study
well predicts the T-dependence of the normalized CL inten-
sities (Fig. 11) and the peak times (Fig. 12). There is good
agreement in absolute peak times for CH* CL (see Fig. 13),
while the simulated peak times tend to be too low for OH*
CL (Fig. 14). This discrepancy can be attributed to the in-
teraction of the acetylene ground-state model and the imple-
mented NO, model, since the NO, mechanism is originally
implemented in a CH4 combustion model and it is not vali-
dated for acetylene combustion.

Recommended rate coefficients for ks and kg available
in the literature are shown in an Arrhenius representation in
Fig. 15. The suggested values for k5 vary by three orders of
magnitude, while the range of kg spans about two orders of
magnitude. ks and kg were chosen following the procedure
discussed previously in order to reproduce the temperature
dependence of the normalized CH* CL (cf. Fig. 5a) and the
dependence on the equivalence ratio (see Fig. 6). Compared
to the literature values, the rate coefficient of reaction (R6) is
slightly lower than the recommendation of Smith et al. [27].
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Fig. 12 Measured (symbols) and simulated (/ines) activation energy
E using the expression T = Aexp(—E/RT) as a function of equiva-
lence ratio ¢. The open triangles represent mixture compositions with
CyH> and O,. The open circles represent mixtures containing C,Hp
and N, O. The plot contains the results for (a) CH* and (b) OH*

100 ¢ . 1000 .
o
o 8
s 1L 3 {100t 0 4
4 £ 1w E o
‘I: L = [ (ee]
e ~ &
©
I @
o < o
- 1t 4 F10b 4
* L
I o .
© [e]
0.1 1 - PR R 1 - 1 1 - PR R 1 -
40 45 50 55 6.0 40 45 50 55 6.0
a 10000K/ T b 10000K/ T

Fig. 13 Measurement (symbols) and simulation (/ine) of (a) CH*-CL
intensities as a function of (inverse) temperature normalized to the cor-
responding value at 7 = 1900 K and (b) delay times for peak CH* for
mixtures with 0.10 % C,H, and 0.67 % N>O in Ar

5.4 Sensitivity consideration of the OH* and CH*
modeling

OH* CL was modeled based on the sub-mechanism derived
in the present study (cf. Table 3). For pure H> /O, mixtures
(mixture A), OH* is exclusively formed via H+ O + M =
OH* + M (R1). The OH* concentration is strongly affected
by variations in the rate coefficient k. Varying the corre-
sponding rate coefficient by a factor of 0.5 and 2, respec-
tively, caused a change in the predicted OH* concentra-
tion of £200 %. Even small amounts of CHy4 with excess
H> /07 (mixture B: 250 ppm CHy4 and mixture C: 500 ppm
CH,) shifts the chemiluminescence formation channel to-
wards CH 4+ Oy = OH* + CO (R2). Similarly to ki, varia-
tions of the rate coefficient k» induce strong deviations of
the absolute OH* concentration by +200 %. For mixtures
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Fig. 14 Measurement (symbols) and simulation (line) of (a) OH*-CL
intensities as a function of (inverse) temperature normalized to the cor-
responding value at 7 = 1900 K and (b) delay times for peak OH* for
mixtures with 0.10 % C,H; and 1.00 % N, O in Ar
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Fig. 15 Arrhenius plot of the rate coefficients for the reaction
(a) C; + OH = CH* 4+ CO (RS5) and (b) CoH + O = CH* + CO (R6).
o Joklik et al. [37]; e Smith et al. [27]; A Devriendt et al. [38, 39]; m
Bulewicz et al. [33]; + Porter et al. [20]; x Hall and Petersen [40];
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containing acetylene (mixtures D to F), the ROP analysis re-
vealed that OH* is exclusively produced via reaction (R2),
whereas reaction (R1) reverses and consumes OH*. The sen-
sitivity of the modeled data with regard to the target rate k»
was investigated by varying k, by a factor 0.5 and 2, respec-
tively. This method caused a strong deviation of the abso-
lute OH* concentration of factor £2. The peak position and
profile shape are insensitive to variations of the rate coef-
ficient k>. These parameters are mainly affected by the un-
derlying ground-state chemistry and the predicted concen-
trations of the precursor species CH and O,.

For C,H;/0; mixtures, CH* is mainly formed by reac-
tion (R5) (contribution ~65 %), while (R6) is responsible
for the remaining 35 %. The CH* intensities was sensitive
towards variations in rate coefficients ks and kg. The CH*
concentration deviates by £40 % in case of changing ks by
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a factor of 0.5 and 2. Whereas k¢ has an impact of +20 %
for the same variations (dashed lines in Fig. 7). For mixtures
containing N,O as oxidizer, reactions (R5) and (R6) both
contribute about 50 % to the formation of the CH* CL. The
intensities showed a sensitivity with regard to the CH* con-
centration when varying ks and ke. These variations influ-
enced the simulated CH* concentration by £30 % for both
reaction channels.

The sensitivity of k5 and kg with regard to the equiva-
lence-ratio-dependent decrease of the CH* CL was checked
by varying the rate coefficients by a factor of 0.5 and 2,
respectively. Experimental and simulated data were evalu-
ated by normalizing the intensity and concentration with re-
gard to the corresponding value for the stoichiometric con-
dition as shown in Fig. 6. It was found that variations of
ks and kg have significant impact (deviation about +20 %)
on the equivalence-ratio-dependent CH* reduction shown in
Fig. 6. The modeling results cannot reproduce the experi-
mental data when varying the rate coefficients.

6 Conclusions

The kinetics of OH* formation was studied by a com-
bined modeling and shock-tube approach. Shock-tube mea-
surements were performed at temperatures between 1300—
3200 K at around atmospheric pressures in Hy/O,/CHy
systems. The existing kinetics model describing the OH*
formation in hydrogen oxidation [8] was upgraded by tak-
ing the hydrocarbon formation reaction into account. The
comparison of measured emission signals and computed
OH™ concentrations reveals that the reaction CH + O, =
OH* + CO (R2) dominates OH* chemiluminescence (CL)
in hydrocarbon combustion. Good agreement between the
model and experiment was found with a rate coefficient of
(8.042.6) x 10'9 cm? mol~! s~ for reaction (R2).

Shock-tube experiments with C;H; /0> and CoH,/N,O
mixtures were performed to study OH* chemiluminescence.
The OH* mechanism was applied to predict OH* formation
in various acetylene mixtures from fuel-rich to lean mixture
compositions. The comparison of measured and computed
data showed good agreement in terms of 7-dependence of
chemiluminescence for both oxidizers. The computed peak
times of OH* for N,O-containing mixtures are underpre-
dicted due to uncertainties in the interaction of CoH, and
NO, chemistry, whereas they match the experimental data
for CoH, /O, mixtures.

CH* CL was monitored in reacting CoH;/O; mixtures
under various conditions. Based on the experiments using
the CoH, /O, systems, the reactions C; + OH = CH* 4+ CO
(R5) and CoH + O = CH* + CO (R6) are identified as main
channels leading to CH*. A kinetics model was developed
and optimized to reproduce the experimental data and corre-
sponding rate coefficients of k5 = 2.0 x 10'* cm3mol~!s~!
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and kg = 3.6 x 102 exp(—10.9 kI mol~! /RT) cm® mol~! s~!

are determined. The CH* sub-mechanism is applied to de-
scribe the CH* chemiluminescence in C;H; /N> O mixtures.
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