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Eighteenth Symposium (International) on Combustion

1980

THE STRUCTURE OF LAMINAR ALKANE-, ALKENE-, AND
ACETYLENE FLAMES

JURGEN WARNATZ
Institut fur Physikalische Chemie der Technischen Hochschule 6100 Darmstadt, W. Germany
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1. Formation and Destruction of Nitric Oxide

2. Explosion and Ignition Phenomena

3. Heterogeneous Catalysis



O+N, - NO+N
N+O, —» NO+O

Prompt NO (Fenimore, 1971)
CH+N2 — NCN+H > NO

Nitrous NO (Wolfrum, 1972)
O+N,+M — N,O+M
O+N,O — 2NO
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THE COMBUSTION INSTITUTE

University Park, Pennsylvania

August 20-26, 1972

DIRECT STUDIES OF SOME ELEMENTARY STEPS FOR THE FOR-
MATION AND DESTRUCTION OF NITRIC OXIDE IN THE
H-N-O SYSTEM

M. GEHRING, K. HOYERMANN, H. SCHACKE, AND J. WOLFRUM

Tnstitut fiir Physikalische Chemie der Universitit Gottingen, Maz-Planck-Institut fiir Stramungsforschung,
ottingen, W.-Germany

When NH, radicals were generated by

H+4NO,—NO+OH,
OH-+NH;—NH,+H-0, (11)

k1 =1.7%101 em?/mole see at 208°K, in a discharge-flow system coupled to a TOF mass
spectrometer with nozzle-beam sampling, the rate of the reaction

NO+NH,—N,+H,0%

ky=5(=£1) 10" em?/mole sec at 298"12,‘]'.(1111(1 be directly measured. Using a gold-coated Pyrex
Teaction vessel and monitorng the mirared chemiluminescence from Reaction (4), strong
vibrational excitation of the .0 formed was observed. In addition to N» and H,0%, a small
amount of NH:NO is produced in (4).
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193 nm: ArF
N(2D?) + O(3P) . Ketterle et al

* Andresen et al
 Ter Meulen et al

B2I1 N(4S°) + O(3P)

225 nm: Dye / OPO / shifted KrF

 Sick et al.
193 nm: NO D-X(0,1) e DiRosa et al.
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H,O: Minor importance at A > 230 nm

CO,: Absorption relevant up to 300 nm
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1. Formation and Destruction of Nitric Oxide

2. Explosion and Ignition Phenomena

3. Heterogeneous Catalysis



Explosion Phenomena

SIMPLE CHEMISTRY: Ozone Decomposition Flame
O;,— 0,+0

0O+0,— 0,+0,
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Proc. 6th Annual Mee’ring IEA Committee on Conservation in Combustion (1984)

LASER-INDUCED THERMAL IGNITICON IN 0,/03 MIXTURES

AND SIMULATION OF IGNITION PROCESSES

B. Raffel, J. Warnatz, H. Wolff, J. Wolfrum
Physikalisch-Chemisches Institut, Universitat Heidelberg
6300 Heidelberg, West Germany

To allow for evaluation by one-dimensional calculations, a method has
been developed to study laser-induced ignition in a constant volume bomb of
cylindrical shape. To avoid experimental (due to participation of a
suitable absorbing species) and calculational (due to participation of many
species) difficu1¥ies, this method has been tested studying the ignition
of 0,/03 mixtures™.
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Fig. 1 - Experimental set-up for laser-induced ignition




COMBUSTION AND FLAME 78: 13-41 (1989)

How to Attack Complex Gas Phase Combustion Systems

JURGEN WOLFRUM

Physikalisch-Chemisches Institut, Ruprecht-Karls-Universitit, 6900 Heidelberg, West Germany
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Fig. 19. Experimental setup for the investigation of CO, laser-induced ignition of O;-0,
mixtures.
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Fig. 22. Evolution of the CO, laser-induced ozone decomposition flame near to ignition limit

(hatched region = burned gas) [80].
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LASER STIMULATION AND OBSERVATION OF IGNITION PROCESSES
IN CH;0H/O,—MIXTURES

A. ARNOLD, R. HEMBERGER, R. HERDEN, W. KETTERLE, anp J. WOLFRUM

Physikalisch-Chemisches Institut der Universitdt
Im Neuenheimer Feld 253, D-6900 Heidelberg
Fed. Rep. Germany
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) FIG. 6. 2D-LIF image of OH showing the flame
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detection of OH radicals formed in CO, laser in- Torr) and oxygen (400 Torr)
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J. Warnatz, J. Wolfrum UmweltSChUtZ mit
Laserlicht

Laserspektroskopische Analyse und mathematische Modellierung
von Verbrennungsprozessen

verbranntes Gas Flammenfront unverbranntes Endgas

- Zundung durch adiabatische Tem-
peraturerhéhung nach Kompression
durch Kolben und verbranntes Gas

Ziundkerze”

Kolben

Abb. 8: Auftreten von Selbstziindungsprozessen aufgrund der Kompression des Endgases im Otto-
Motor durch das verbrannte Gas und durch die Kolbenbewegung.

0.37

Abb. 9: Auftreten von normaler (gestrichelt) und von schneller (scheinbarer) Flammenfortpflan-
zung (punktiert) durch stofwelleninduzierte Selbstziindung im Endgas eines Otto-Motors.
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Simultaneous measurement of Diesel fuel vapor density
by Rayleigh scattering and soot volume fraction by LII
In a high temperature and high pressure chamber
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Twenbe-Sivth Svimmosinm (International} on Combostion/The Combnstion Tnstitute. T99%mn. 773-T80

KINETIC MODELING OF THE OXIDATION OF LARGE ALIPHATIC
HYDROCARBONS

MARIA NEHSE ann JURGEN WARNATZ CHRISTOPHE CHEVALIER
Interdisziplinéires Zentrum frir Wissenschaftliches Rechnen (IWR) Institut fiir Technische Verbrennung (ITV)
Universitiit Heidelberg Universitdl Stuttgart
Im Neuenheimer Feld 368, D-69120 Heidelberg, Germany Pfaffentwaldring 12, D-70569 Stuttgart, Germany

Because of the complexity of low-temperature oxidation, a detailed reaction scheme of higher hydro-
carbons (which are components of practical fuels) typically involves several hundred chemical species
taking part in thousands of elementary reactions. Nevertheless, only a very limited number of difterent
reaction types 1% appea]‘ing, for e.\'ample, alkane thermal d(:(rrm'q‘.um;itimi, H-atom abstraction to form an
alkyl radical, alkyl radical isomerization, and £ decomposition of the alkyl radical for the high-temperature
range and a few additional reaction types at low temperature. A LISI program developed for the automatic
generation of reaction mechanisms is able to produce mechanisms for the oxidation of aliphatic hydrocar-
bons. In contrast to earlier attempts described in the literature, a rather complete description of the
reaction paths for the decomposition of the intermediate dihydroperoxyalkyl radicals and a description of
the aldehyde oxidation is included. Thé transition between low- and high-temperature range with a negative
temperature LIE]_JL"']'IL]L"']ICE is well reproduced. With the help of newly available experiments for n-decane,
the reaction mechanisms for n-heptane and n-decane are validated for a wide range of pressures, tem-
peratures, and equivalence ratios, covering conditions dictated by potential applications. This is a severe
test case, becanse calculated ignition-delay times are very sensitive with respect to the quality of the
reaction mechanism used. Additional sensitivity analysis based on the OH concentration shows the principal
rate-determining reactions. However, more kinetic data for high hydrocarbons and oxygenated species are
necessary to validate the reaction mechanism, especially with respect to chain-length dependencies of rate
coelficients and the behavior of fuels with I!'lLLliiplf:" C-C bonds. Furthermore, some results on flame
velocity are given for n-heptane.
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In-situ detection of chemisorbed CO during oxidation on a polycrystalline
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The deep pain that is felt at the death of every friendly soul arises
from the feeling that there is in every individual something

which is inexpressible, peculiar to him alone,
and Is, therefore, absolutely and irretrievably lost.

A. Schopenhauer, 1851
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