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Abstract 
 

The present study investigates the kinetics of low-temperature pyrolysis and oxidation of n-dodecane/O2/N2 
mixtures in a repetitively-pulsed nanosecond discharge experimentally and numerically. Time-resolved TD- 
LAS measurements, steady-state gas chromatography (GC) sampling, and mid-IR dual-modulation Faraday 
rotation spectroscopy (DM-FRS) measurements are conducted to quantify temperature as well as species for- 
mation and evolution. A plasma-assisted n-dodecane pyrolysis and oxidation kinetic model incorporating the 
reactions involving electronically excited species and NOx chemistry is developed and validated. The results 
show that a nanosecond discharge can dramatically accelerate n-dodecane pyrolysis and oxidation at low 
temperatures. The numerical model has a good agreement with experimental data for the major intermediate 
species. From the pathway analysis, electronically excited N∗

2  plays an important role in n-dodecane pyrolysis 
and oxidation. The results also show that with addition of n-dodecane, NO concentration is reduced consid- 
erably, which suggests that there is a strong NO kinetic effect on plasma-assisted low-temperature combustion 
via NO-RO2 and NO2-fuel radical reaction pathways. This work advances the understandings of the kinetics 
of plasma-assisted low-temperature fuel oxidation in N2/O2 mixtures. 
© 2020 The Combustion Institute. Published by Elsevier Inc. All rights reserved. 
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1. Introduction 
 

Fuel pyrolysis and oxidation activated by non-
equilibrium plasma discharges have recently 
received great attention in advanced engines and 
fuel reforming [1] as it provides new reaction 
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pathways for ignition control and selective chem- 
ical synthesis. Previous studies have shown that 
non-equilibrium plasma can kinetically enhance 
combustion through  electron-impact  molecu-  
lar dissociation, excitation, ionization as well as 
plasma-assisted low-temperature reactions. Specifi- 
cally, the nanosecond pulsed discharge (NSD), with 
ultrafast ( 1 ns) voltage rise and energy input, 
generates high reduced electric field (E/N, where E 
is the electric field strength and N is the gas num- 
ber density), increases electron temperatures and 
therefore has a promising kinetic effect on combus- 
tion reactions via volumetric production of excited 
species. NSD provides an ideal platform to study 
the kinetic effects from plasma and develop plasma 
assisted combustion (PAC) kinetic mechanisms. 

Previous kinetic studies using NSD have been 
conducted mostly on simple fuels including small 
hydrocarbons [2,3] with the dilution of helium or 
argon. The modeling results matched relatively well 
with the measurements and showed significant ki- 
netic enhancement from plasma-generated species 
like e, O, O(1D), Ar∗ and He∗ on the ignition behav- 
ior. However, most real-world combustion systems 
use air as the oxidizer. The presence of N2 and O2 
increases the complexity of PAC reaction pathways 
due to vibrational and electronic excitation of ni- 
trogen and NOx formation, but it brings more pos- 
sible kinetic couplings for low-temperature fuel py- 
rolysis and oxidation processes. Thus, one funda- 
mental question limiting PAC applications in real 
engine environment is: what is the kinetic mecha- 
nism of plasma assisted combustion of practical fu- 
els in air? 

Our recent plasma-assisted kinetics studies on 
n-pentane with He dilution [4] and n-heptane with 
Ar dilution [5] have shown that plasma dramati- 
cally accelerated the fuel oxidation at low temper- 
ature. However, in situ species diagnostics also re- 
vealed that the kinetic model failed to predict the 
time-dependent profiles of even major species due 
to the lack of appropriate understanding of plasma 
reaction kinetics for large alkanes [5]. By updat- 
ing the missing pathways of electron-impact reac- 
tions in n-pentane pyrolysis, the kinetic mechanism 
dramatically improved the model prediction, even 
when tested on the oxidative case. The next step, 
therefore, is to study larger representative jet fuel 
components, like n-dodecane, which represent use 
cases where these plasma-assisted reactions may 
play a role in enhancement [6]. 

The present paper aims to study the plasma- 
assisted fuel pyrolysis and oxidation of n-dodecane 
with nitrogen dilution. A total pressure of 30 Torr 
is used to ensure the homogeneity of the plasma 
discharge. In the engine environment, the plasma 
may interact with liquid fuels in affecting vaporiza- 
tion. However, fuel pyrolysis and oxidation mainly 
take place in the gas phase. While the low-pressure 
conditions may not be representative of real engine 
pressures, the elementary plasma chemistry cou- 

pled with electron impact reactions is a function of 
the reduced electric field (E/N) and the electron en- 
ergy, where N indicates the effects of temperature 
and pressure. Therefore, by matching E/N correctly, 
the present kinetic mechanism can be extended to 
higher temperatures and pressures. Certainly, un- 
der high temperatures and pressures, plasma insta- 
bility could play a role and plasma begins to tran- 
sit from homogeneous to filamentary [7]. In that 
case, the kinetic mechanism is still valuable for un- 
derstanding the effect of fast and slow heating by 
plasma. 

The paper is structured as the followings: First, 
time-dependent TDLAS measurements, steady- 
state GC sampling and DM-FRS measurements 
are performed to quantify fuel, intermediate species 
and NO evolution in plasma-assisted fuel pyrolysis 
and oxidation of C12H26/O2/N2 mixtures. Second, 
a plasma combustion kinetic model of n-dodecane 

incorporating  N∗
2 , O(1D),  O(1S)  as  well  as  N  an 

NOx with n-dodecane and fuel radicals is devel- 
oped and validated. Then, the numerical model- 
ing results of reactants, intermediate species and 
products are compared with experimental measure- 
ments. Path flux analysis is conducted to under- 
stand the key reaction pathways. The importance 
of plasma generated species as well as NOx is iden- 
tified. The effects of electron impact reactions of 
n-dodecane on intermediate species formation in 
plasma-assisted fuel oxidation are discussed. Fi- 
nally the effects of N and NOx on n-dodecane py- 
rolysis and oxidation are studied. 

 

2. Experimental method 

 

The reactor for this study, seen in Fig. 1, is a 
rectangular quartz flow reactor. Two electrodes (45 

45 mm) are attached to the top and bottom 
of the cell to form a dielectric barrier discharge 
(DBD). A nanosecond-pulsed power supply (FID 
GmbH FPG 30-50MC4) is used for plasma gener- 
ation, with a maximum repetition frequency of 30 
kHz, FWHM of 12 ns, and maximum peak volt- 
age of 32 kV, which is operated in both continu- 
ous and burst modes via an external digital pulse 
generator (SRS DG535). The burst mode is utilized 
for all time-dependent measurements with a total 
burst of 450–600 pulses at 30 kHz, and a total dis- 
charge time of 0.015–0.02 s. The reactor is kept at 
30 Torr, with an overall flow velocity of 0.5 m/s. The 
burst frequency is 1 Hz. A delay of 0.98–0.985 s be- 
tween bursts is used for gas replenishment. A sy- 
ringe pump and a liquid vaporizer are coupled to 
the upstream of the reactor to provide gaseous n- 
dodecane. Due to n-dodecane’s high boiling point 
(489.45 K), all lines must be heated to prevent con- 
densation and maintain accurate fuel concentra- 
tion. 1% n-dodecane and 99% N2 in the pyroly-  
sis case and 1% n-dodecane, 19% oxygen and 80% 
N2  in the oxidative case are supplied into the sys- 
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Fig. 1.  Experimental setup. 

 

tem, respectively. During the discharge, single-shot 
ICCD images (Princeton Instruments PI-MAX) of 
individual pulses within the burst are taken to con- 
firm uniformity (Typical ICCD images are in Sup- 
plementary materials). In the pyrolysis case, the 
plasma keeps homogeneous with the increase of to- 
tal burst pulses due to endothermic fuel decompo- 
sition reactions. The final total burst count is 600 to 
allow for adequate fuel decomposition but avoid ex- 
cessive heating from plasma. In the oxidative case, 
the pulse count within a burst is held at 450, as an 
increase of intensity and narrowing of the plasma 
discharge are seen at the edges of the plasma with 
increasing numbers of pulses. 

For in-situ measurements of species-time pro- 
files, a 24-pass Herriott multi-pass cell is built into 
the walls of the reactor and utilized for mid-IR 
tunable diode laser absorption spectroscopy (TD- 
LAS)  measurements.  From   the  NIST   database, 
an absorption line at 1377 cm−1 is chosen for n-
dodecane,  which  requires  calibration measure- 
ments due to its broadband absorption profile in 
the mid-IR. A separate, heated quartz cylindrical 
flow tube is used for n-dodecane absorption cross 
section calibration measurements (More details are 
in Supplementary materials). Time-resolved sig- 
nals of other species are also quantified by direct 
absorption.  Quantification  of  CH4  is  at 1341.62 
cm−1

, C2H2 is at 1342.35 cm−1
, and H2O is at 

both 1338.55 cm−1 and 1339.15 cm−1
, which can be 

further utilized for  the two-line temperature  mea- 
surements [8]. The above measurements all utilize 

a Continuous Wave External Cavity Mode Hop 
Free (CW-EC-MHF) QCL from Daylight Solu- 

tions. CH2O is quantified at 1726.79 cm−1 using  

a DFB-QCL from Alpes Lasers (sbcw3176). The 
scan rate of all lasers is monitored using a 50.8 
mm Germanium etalon (FSR 0.74 GHz at 1345 

cm−1) and data is recorded on a Tektronix DPO 

7104C oscilloscope. All data sets are averaged over 
25 runs, utilizing the fitting of temperature to deter- 
mine line broadening parameters, and demonstrat- 
ing very high repeatability. The uncertainty of the 
temperature measurements is 10 K at 300 K. The 
uncertainty for the n-dodecane concentration mea- 
surements is within   20%, mainly based on run   
to run fluctuations in the calibration process. The 
uncertainty of other species concentrations is esti- 
mated as 5%, which is originated from spatial in- 
tensity non-uniformities in the plasma, electronic 
interferences between NSD and the detector, and 
the fitting of the spectral line shape. 

For steady-state measurements, a quartz sam- 
pling probe is inserted downstream of the plasma 
discharge. Samples are analyzed using a gas chro- 
matograph (GC) (TCD; Inficon 3000), with un- 
certainties of 5% of the measured concentra- 
tions, which can provide additional validation tar- 
gets for the kinetic mechanism. A dual modula- 
tion FRS (DM-FRS) system [9,10] is applied to de- 
tect steady-state nitric oxide (NO) concentrations 
during the continuous bursts of the NSD. Faraday 
rotation spectroscopy measures the rotation of po- 
larization of light induced by circular birefrin- 
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gence from the Zeeman-split transitions of param- 
agnetic gaseous species (e.g. NO, OH, HO2, etc.) 
subjected to an external magnetic field. FRS en- 
ables reliable quantitative concentration measure- 
ments of paramagnetic species in  the  presence 
of spectrally-interfering diamagnetic molecules in- 
cluding H2 and CO2, which are formed promptly 
in the combustion environment. The DM-FRS sys- 
tem targets P(19/2)e doublet transition at 1842.946 
cm−1 of the reactive mixture from the reactor. The 
pressure is stabilized at 80 Torr with a flow rate 
of 20 sccm. The system was constructed by Zhang 
et al. [9] and Wang et al. [10]. Modulation of both 
the laser current and the applied magnetic field pro- 
vides laser intensity independent and etalon-free 
measurements. 

 

3. Numerical method and kinetic model 

 

The numerical modeling is conducted by a 
zero-dimensional hybrid ZDPlasKin-CHEMKIN 
model which was developed and validated in pre- 
vious works [11,12]. The model incorporates the 
plasma kinetics solver ZDPlasKin [13] and the 
combustion kinetics solver CHEMKIN II [14] by a 
splitting method. The discharge voltage measured 
is used as input to calculate the E/N in the plasma 
and has been described in detail in [11]. The volt- 
age and E/N of a single pulse can be found in the 
Supplementary materials. 

A plasma-assisted n-dodecane combustion 
mechanism is developed in this work (see Supple- 
mentary materials for reaction details). The mech- 
anism consists of both plasma and combustion 
kinetic sub-mechanisms. The combustion sub- 
mechanism is reduced from Cai’s model [15] to 141 
species and 632 reactions by Princeton CHEM-RC 
[16]. The C0-C2 chemistry is replaced by HP-Mech 
[17] for accurate modeling the low temperature 
chemistry. The reactions of N and NOx with fuel 
and fuel radicals are adapted from [18–20]. The 
plasma mechanism incorporates the reactions of 

electronically excited species O2(a1�g), O2(b1
:::g

+ ), 

O2∗, O(1D), O(1S), N2(A), N2(B), N2(at), N2 (C) 
and N(2D); charged species N2+ and O2+; and 
electron.  The  final  mechanism  consists  of   198 
species, 239 reactions in the plasma mechanism 
and 1128 reactions in the combustion mechanism. 
The rotationally and vibrationally excited species 
are considered to provide the gas heating by re- 
laxation. As the experiments are conducted at the 
highly diluted conditions and the E/N in this study 
is 400–600 Td, most electron energy goes to the 
excitation of N2 and O2. Due to the fact that cross 
sections between electrons with n-dodecane are 
unavailable and the electron-impact n-dodecane 
dissociation reactions are less important compared 
with other electron energy consumption pathways 
(shown in Supplementary materials), it is originally 
assumed that the fuel is mainly consumed by the 

electronically excited N∗
2  (N2(A), N2(B), N2(at) and 

N2(C)) in the pyrolysis condition and additional 
contribution by O(1D) and O(1S) in the oxidation 
condition. Note that with 99% N2 concentration 
in pyrolysis condition, N2(B) and N2(C) mainly 

transit into N2(A) and N2(at)  through  reactions 

N2 (B)     N2         N2 (A)  N2,  N2(C) N2 (B) 

and N2 (C) N2 N2 (at )  N2. Even with O2  

addition in the oxidation case, due to the fast 
reaction  rates  between  N2(B,  C)  and  O2   [21], 
fuel consumption from these two species can be 
neglected. Therefore, the n-dodecane consumption 

by  N∗
2    can  be  simplified  by  N2(A)  and  N2(at). 

The C–C and C–H bond energies of n-dodecane 
are 3.7 eV [22] and 4.1–4.3 eV [23] respectively, 

while the potential energies of N2(A) and N2(at) 

are 6.17–7.8 eV and 8.4–8.89 eV, respectively. 
Therefore, N2(A) can break two C–C bonds and 

N2(at) can break up to two C–C or C–H bonds. 

The reactions between O(1D) and n-dodecane can 
either be an H-abstraction reaction to form OH 
and fuel radical or an insertion into C–H bond    
to form CH2O [24]. Similar reactions are consid- 
ered for O(1S). Based on the above analysis, the 

rate constants and branching ratios for reactions 

between N2(A), N2(at), O(1D) and O(1S) and n-

dodecane are estimated based on fitting with 
experimental data and sensitivity analysis. 

 

4. Results and discussion 
 

4.1. TDLAS results 
 

Fig. 2 shows the time-dependent temperature 
measured and fitted profiles of n-dodecane pyrol- 
ysis and oxidation. In the pyrolysis case, CH4 is 
used for the two-line temperature measurements 
but does not have enough production until ap- 
proximately halfway through the burst. Therefore, 
temperature measurements begin at 10 ms. In the 
oxidative case, H2O is used for two-line measure- 
ments, which is produced more promptly and fa- 
cilitates temperature measurements starting from  
3 ms. A baseline thermocouple temperature mea- 
surement of the reactor, taken without plasma op- 
eration, is shown as the dotted horizontal line. The 
temperature rise in the pyrolysis is mainly caused 
by plasma Joule heating. With O2 addition, there 
is an additional 60 K temperature rise caused by 
fuel oxidation even with fewer plasma pulses. The 
measured temperature profiles are used as input for 
kinetic modeling. 

Fig. 3 shows the measurement and modeling of 
n-dodecane pyrolysis and oxidation during and af- 
ter the plasma bursts. 20% of the fuel is consumed 
during the plasma burst in the pyrolysis case. The 
model agrees well with the experimental data over- 
all. Only a small discrepancy exists at the end but 
still within the measurement error. This small fluc- 
tuations in the signal may result from either phys- 
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Fig. 2. Temperature during and after the 30 kHz plasma burst for the pyrolysis, oxidative, and without plasma conditions. 
The fitting used by the model is shown by the solid lines. 

 

 
Fig. 3. Time-dependent measurements and model predictions of n-dodecane consumption for a 0.01/0.99 mixture of 
C12H26/N2 and 0.01/0.19/0.80 mixture of C12H26/O2/N2. 

 

ical vibrations captured by the measurements or 
beam steering due to the great temperature change 
in this experiment. In the oxidative case, the de- 
cay trend with over 60% fuel consumption is cap- 
tured fairly well. However, the absolute difference 
in number density is observed. This difference may 
be caused by two factors. First, the model under- 
predicts the number densities of major products 
during the plasma bursts and shows a better agree- 
ment with the experimental measurement in the 
later stage after the bursts, which will be discussed 
later. This leads to the predicted n-dodecane num- 

ber density decreasing slower and reaching mini- 
mum later than the experimental measurement af- 
ter the bursts. Second, this difference may also be 
due to the generation of more intermediate species 
and their interference with the laser absorption at 

1377 cm−1. The error on this measurement is ap- 

proximately 20%, due to laser drift, accuracy of 
calibrated n-dodecane cross sections, and spatial 
nonuniformities near the mirrors. 

Fig. 4 shows the time-dependent CH4 and C2H2 
number densities in the pyrolysis condition. To- 
gether with the steady state measurements, the 
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Fig. 4. Time evolution of CH4 and C2H2 with model predictions for the pyrolysis case (0.01 C12H26/0.99 N2). 

 

species concentrations are utilized to determine the 
reaction channels and branching ratios between 

N2(A, at) with fuels. The modeling results pre- 

dict the pyrolysis species fairly accurately after the 
plasma bursts. The path flux analysis is conducted 
by integrating the time duration of 0.05 s. Fig. 5 
shows that n-dodecane is dissociated by N2(A) 

(61.4%) and N2(at) (24%) to produce small hy- 

drocarbons directly or fuel radicals, as well as by 
H-abstraction reaction (14.6%) to produce H2 and 
C12H25. The plasma generated fuel radicals are con- 
sumed to produce H2 and C1–C3 hydrocarbons, 
and 66% of them recombine to form n-dodecane 
again. 

In the oxidation condition, as shown in Fig. 3, 
the fuel consumption increases dramatically with 
fewer pulses. Besides the dissociation effect to 

fuel,  59%  of  N∗
2   is  quenched  by  O2  to  generate 

O, O(1D) and O(1S). The path flux analysis  in 

Fig. 5 shows that C12H26 consumed by N2(A, at) 

and O(1D, 1S) accounts for 3.5%  and  6.1%  of 
the total fuel consumption, contributing to the 
production of fuel radicals and CH2O. The n- 
dodecane consumption by OH and O becomes the 
dominate pathways for fuel consumption, account- 
ing for 65.3% and 23% respectively for the time- 
dependent condition. The O radical produced in 
the plasma promotes the H-abstraction reaction of 
n-dodecane to form C12H25 and OH, and OH fur- 
ther accelerates the fuel consumption. Fig. 5 shows 
that the production of C12H25 triggers a cycle to 
OH production and fuel consumption. C12H25O2  
is produced by an addition reaction  of C12H25 
and O2.  The  isomerization  of C12H25O2  leads 
to C12H24OOH formation. Then, the decomposi- 
tion of C12H24OOH produces C12H24O and OH 
radicals. 

The model also predicts the H2O time profiles 
(shown in Fig. 6) reasonably well, up to 90% of 
which is produced from C12H26 + OH. However, 
there is an under-prediction for CH2O number 
density. Given previous studies [1], CH2O may be 
generated directly from low-temperature reactions 
involving hydroperoxy alkyl radicals O2QOOH. 
However, the current model fails to include such 
complicated low-temperature kinetic pathways, 
which may lead to differences in CH2O number 
densities. 

 

4.2. Steady-state GC results 
 

The kinetic model is also applied to simulate 
steady-state GC measurements. In the pyrolysis 
case, measured species match relatively well with 
the simulation under different discharge frequen- 
cies (shown in Fig. 7). 

In the oxidation case, even though the primary 
oxidative products (H2O, CH2O, CO, and CO2) 
with high concentrations from the modeling match 
well with the experimental measurements, the C0– 
C5 hydrocarbons with low concentrations are all 
under-predicted (shown in Fig. 8). From  path- 
way analysis, in the current model, most radicals 
forming these small hydrocarbons are consumed 
by O and O2 in the oxidation conditions. How- 
ever, these species may also be produced directly 
from electron-impact dissociation or ionization re- 
actions of n-dodecane, which were not taken into 
account originally. Similar with the analysis in our 
previous kinetic studies of pentane [4], one more 
case is conducted by adding the estimated electron- 
impact reactions with n-dodecane. The cross sec- 
tions are adjusted by using the available cross sec- 
tions of C2H6 [25] as reference. The result shows 
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Fig. 5. Path flux of fuel in the time-dependent simulations for the (a) pyrolysis and (b) oxidation condition. All percentages 
do not sum to 100%, as other reactions add small quantities to the total. (R is the fuel radical). 

 

that such electron impact reactions do improve the 
modeling prediction for small hydrocarbons pro- 
duction, as shown in Fig. 8. This indicates that 
the accurate branching ratios and cross sections 
of electron impact reactions for large hydrocar- 
bons are critical and dedicated measurements and 
quantum calculation for electron-impact dissocia- 
tion and ionization reactions are required for future 
plasma-assisted kinetic studies. 

4.3. Steady-state DM-FRS NO results 
 

NO is one of the most active species produced in 
N2/O2 plasma discharge [21]. To further investigate 
possible kinetic couplings between plasma-assisted 
low-temperature combustion and NOx chemistry 
generated by N2/O2 discharge, a DM-FRS system 
is used to quantify NO concentrations ex situ. The 
measurements together with the model predictions 
are shown in Fig. 9. Compared with the baseline 
NO measurements in the 0.8 N2/0.2 O2 mixture, the 
presence of 1% fuel significantly inhibits the final 
NO yield in the mixture (lower than 3 ppm). More- 

over, with higher discharge frequency and hence 
higher plasma energy deposition, such NO reduc- 
tion effect is more prominent. 

To further understand the kinetic effects of fuels 
on NOx chemistry, path flux analysis is performed 
for nitrogen element. Given the experimental con- 
ditions of temperature (375–575 K) and pressure 
(30 Torr), N and N(2D) produced by e N2 
e     N     N(2D), e     N+

2 N     N(2D)  and  e 
N+

2 N     N  are  two  of  the  major  radicals  in 
the  plasma  with  a  peak  E/N  of  400–600  Td. 
Based on the model, in the pyrolysis condition 
(shown in Fig. 10(a)), reactions between N and 
fuel radicals (CH2, CH3, and C2H5) promote the 
production of H, NH and C2H4. Reaction H + 
NH   H2  + N becomes a major pathway  for    
H2 production besides CH2 H CH H2 and  
C12H26 H C12H25 H2. In the oxidation con- 
dition (shown in Fig. 10(b)), N and N(2D) pro- 
mote the O, NO and O(1D) production via N +  
O2 = NO + O, N(2D) + O2 −→ NO + O(1D) and 
N(2D) + O2 −→ NO + O. 
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Fig. 6. TDLAS time evolution of H2O and CH2O with model predictions for the oxidation case (0.01 C12H26/0.19 O2/0.80 
N2). 

 

 
Fig. 7. Steady-state GC pyrolysis measurements of (Up) temperature and small hydrocarbon species and (Down) large 
hydrocarbon species for 0–20 kHz continuous plasma pulse frequencies for 0.01 C12H26/0.99 N2. 
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Fig. 8. Steady-state GC oxidation measurements of (Up) temperature and small species and (Down) hydrocarbon species 
for 0–7 kHz continuous plasma pulse frequencies for 0.01 C12H26/0.19 O2/0.80 N2. 

 

 

 

Fig. 9. Steady-state DM-FRS NO measurements for 0–7 kHz continuous plasma pulse frequencies for 0.80 N2/0.20 O2 
and 0.01 C12H26 /0.19 O2/0.80 N2. 
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Fig. 10. Path Flux of nitrogen element for the (a) pyrolysis and (b) oxidation condition. All percentages do not sum to 
100%, as other reactions add small quantities to the total. 

From the above analysis,  the  formation of 
N and NO in the presence of fuel is still gov- 

erned by N2 O2 chemistry. However, NO con- 
sumption pathways are shifted in the presence of 
fuel. Without hydrocarbons, NO consumption is 
mainly through third-body reaction NO + O(+M) 

NO2 ( M) in the kinetic model, which is consis- 
tent with previous studies [26]. The product NO2 
could also be eliminated by reverse reaction NO2 

+ O NO + O2. With hydrocarbons, NO to NO2 
oxidation is greatly enhanced as the fuel species 
goes through low temperature oxidation and gen- 
erates a large amount of alkylperoxy radicals (e.g. 
C12H25O2) which act as an efficient converter from 
NO to NO2. In the kinetic model, 92% of NO is 
consumed by the reactions with C12H25O2 form- 
ing C12H25O and NO2, which has a large path flux 
shown in Fig. 10. Then reactions between NO2 and 
fuel radicals (H, CH3 and C12H25) continue produc- 
ing active radicals including OH, CH3O, C12H25O 
and NO, accounting for 72% of the total NO2 con- 
sumption. The above discussion demonstrates NO 
has a strong catalytic effect on the low temperature 
fuel oxidation via NO-RO2 and NO2-fuel radical 
reaction pathways [18]. 

5. Conclusions 

 

The plasma-assisted low-temperature n- 
dodecane pyrolysis and oxidation kinetics in N2/O2 
using a nanosecond repetitively-pulsed DBD dis- 
charge were studied with time-dependent TDLAS 
in situ measurements, steady-state GC sampling 
and ex situ DM-FRS measurements in a plasma 
flow reactor. A new plasma-assisted kinetic model 
was developed and validated against the measured 
data. The modeling results show that the kinetic 
model can predict the experimental data well for 
the pyrolysis condition and major species in the fuel 
oxidation condition. The under-prediction of low- 
concentration small hydrocarbons in the oxidation 
condition suggests that electron impact reactions 
also contribute to species production in high N2 
diluted mixtures. The path flux results show that 
the major pyrolysis pathway for n-dodecane  is  
the dissociation reaction by electronically  excited 

N2(A) and N2(at). One-third of the fuel radicals 
recombine  to  generate  small  hydrocarbons   and 
the rest of them recombine back to n-dodecane. 
In the oxidation condition, the n-dodecane is 
primarily  consumed  by  O  and  OH. Specifically, 
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−→ + 
+ −→ −→ 

 

O generated in plasma promotes the production 
of OH and C12H25, and accelerates the produc- 
tion of OH via C12H25 O2 C12H25O2 
C12H24OOH C12H24O  OH.  High   concen- 
tration of N and N(2D) contributes to H, NH and 
C2H4 production in the pyrolysis condition, as 
well as NO production in the oxidation condition. 
The results show that significant  amount of  NO 
is produced in a N2/O2 plasma. However, with the 
addition of n-dodecane, the concentration dra- 
matically decreases via NO and C12H25O2 reaction 
to form C12H25O and NO2. Meanwhile, reactions 
between NO2 and H, CH3 and C12H25 produce 
alkoxy radicals and NO. These plasma-assisted 
NO reaction pathways will significantly modify the 
plasma-assisted fuel oxidation at low temperatures. 
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