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ChemKED: Chemical 
Kinetic Experimental Data
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PyKED: Python software 
for working with ChemKED



Validation, schmalidation.
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Fig. 8.1 Simplified scheme of a jet-stirred reactor of volume ܸ working at constant temperature ܶ and pressure ܲ. ܨ௝௜ and ܨ௝௢ are the 
mole flow rates of the species ݆ at the inlet and at the outlet of the reactor. ܳ௜ and ܳ௢ are the volume flow rates of the gas at the inlet 

and at the outlet of the reactor (ܳ௢ is defined under the conditions of pressure and temperature inside the reactor) 

To our knowledge, glass or fused silica jet-stirred reactors have been used for gas phase kinetic studies by 
three research teams. It is largely used in Nancy (France) at the Laboratoire Réactions et Génie des Procédés for 
the study of the oxidation and of the pyrolysis of hydrocarbons and oxygenated fuels at atmospheric pressure 
(e.g., Marquaire and Côme 1978; Herbinet et al. 2007; Herbinet et al. 2011c; Hakka et al. 2009; Battin-Leclerc et 
al. 2010). A high pressure jet-stirred reactor is used in Orléans (France) at the Institut de Combustion Aérother-
mique Réactivité et Environnement for the study of the oxidation of various type of fuels (e.g., Dagaut et al. 
1994; Mzé-Ahmed et al. 2010) and for the study of the kinetics of nitrous oxides formation and destruction (e.g., 
Dayma and Dagaut 2006). It was also used in Leeds (United Kingdom) at the Department of Physical Chemistry 
and Center for Combustion and Energy to study stationary-state and oscillatory ignition phenomena in fuel oxi-
dation (e.g., Baulch et al. 1988; Griffiths and Inomata 1992). Metallic jet-stirred reactors have been used for the 
study of the low temperature oxidation of hydrocarbons (e.g., Cavaliere et al. 1993; Ciajolo and D’Anna 1998) 
and for the study of the cracking kinetics of biomass pyrolysis vapours (Baumlin et al. 2005). 

8.2 Jet-Stirred Reactor Construction Rules 

The basis for the design of spherical jet-stirred reactors was proposed by the team of Professor Villermaux in 
Nancy (France) in the seventies (Matras and Villermaux 1973; David and Matras 1975). A little earlier Bush 
(1969) proposed rules for the construction for cylindrical jet-stirred reactors. Although both designs can be used 
for gas phase kinetic studies, spherical jet-stirred reactors are preferred to minimize dead volumes. In this chap-
ter we focus on the design of spherical jet-stirred reactors. 

The jet-stirred reactor designed by the team of Villermaux is composed of a sphere in which the reaction takes 
place. The fresh gases enter the reactor through an injection cross located at the center of the sphere and com-
posed of four nozzles providing the jets ensuring the mixing of the gas phase. Fig. 8.2 displays a picture of the 
jet-stirred reactor which is still in use at the Laboratoire Réactions et Génie des Procédés (Nancy, France) and 
which was developed from the rules of construction proposed by the team of professor Villermaux. 

 
 

Fig. 8.2 Picture of the jet-stirred reactor used in Nancy (France) and which was developed from the rules of construction proposed 
by the group of professor Villermaux 

The rules of construction of a jet-stirred reactor rely on the theory of the free jet: the jet from a nozzle leads to 
the motion of the gas phase in which it flows and this motion results in the distribution of the initial kinetic ener-
gy in small turbulent pieces of gas phase. It is assumed that a jet provided by a nozzle in the reactor widens in 
form of a cone which bends along a circumference between two nozzles (Bush, 1969) as shown in (Fig. 8.3). 
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Jet-stirred reactor4

Rapid compression machine2
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The problem:  
experimental data
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region the dependence of the ignition delay 
time upon temperature can be expressed ap- 
proximately by straight lines in the Arrhenius 
plot. The corresponding global activation ener- 
gies decrease with increasing pressure. 

For Ps around 13.5 bar the dependence be- 
comes strongly nonlinear in a temperature 
range between 950 and 700 K. In this interme- 
diate temperature region a decrease in ignition 
delay time is observed with decreasing temper- 
atures. This leads to an S-shaped curve with a 
maximum and a minimum. Between both ex- 
termal values the dependence possesses a neg- 
ative temperature coefficient. The position of 
this transition region shifts to higher tempera- 

tures with increasing pressures Ps- In the low- 
temperature region--below approximately 700 
K-- the  dependence of the ignition delay time 
upon temperature can again be expressed by a 
linear dependence. Because the measuring time 
of the shock tube is limited, the delay times 
could be determined only above 660 K, so that 
only a short part of the low-temperature region 
could be investigated in our experiments. The 
influence of pressure on the ignition delay is 
most pronounced in the transition region, 
smallest for low temperatures and of varying 
degree in the high-temperature region, where 
with increasing temperature this dependence 
becomes smaller. 
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Figure6

# n-heptane ignition delay from Colket and Spadaccini 2001 
# P (atm), T (K), Ignition Delay (µs) 
# Mole Fraction nC7H16 O2 Ar : 0.00192 0.04224 0.95584 
7.72 ,1393 ,85 
7.78 ,1299 ,345 
7.04 ,1235 ,631 
6.38 ,1299 ,348 
7.53 ,1372 ,134 
6.08 ,1236 ,678 
7.35 ,1340 ,148 
6.63 ,1328 ,211 
6.94 ,1395 ,89
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Related work
• PrIMe (Process Informatics Model): Frenklach et al. (http://
primekinetics.org) 

• XML-based standard 

• Problems: XML, reliance on internal identifiers, missing some 
necessary information, & closed nature 

• ReSpecTh: Varga et al. (http://respecth.hu/) 

• Evolution of PrIMe—now includes more data needed to 
reproduce experiment 

• Problems: still XML, still closed
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Our solution
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(s)

PyKED: Python software for working with ChemKED files

ChemKED: Chemical Kinetics Experimental Data format
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ChemKED

Written in YAML 

Human- AND 
machine-readable! 

Parsers and libraries 
for nearly every 
programming 
language!
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ChemKED components
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ChemKED components (2)
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ChemKED components (3)
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Uncertainty
• ChemKED supports 

specification of uncertainties 
for all quantities in a data 
point 

• Dimensionless: 
Composition (mole/mass 
fraction, mole percent) 

• Dimensional: temperature, 
pressure, ignition delay, etc. 

• Supports relative and 
absolute uncertainty
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PyKED
• Version control: git & GitHub  

(github.com/pr-omethe-us/PyKED) 

• Validation of files: cerberus (python-cerberus.org) 

• DOI validation: Crossref lookup via habanero (habanero.rtfd.org)  

• ORCID lookup via orcid (github.com/ORCID/python-orcid) 

• Interpreting & converting units (including uncertainties!): Pint 
(pint.readthedocs.org) & uncertainties (pythonhosted.org/
uncertainties/) 

• Code unit testing: pytest (docs.pytest.org), with codecov-measured test 
coverage 

• Continuous integration: Travis-CI (travis-ci.org)
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Validation
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•PyKED validates ChemKED 
YAML files using our validation 
schema 

•Ensures required data are 
present, appropriate units, 
bounded values, etc. 

• Ensures reference information 
is valid and correct if DOI is 
provided



Example: RCM
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Example: RCM modeling
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Plans for ChemKED/PyKED

• Add examples  to 
documentation 

• Support other fundamental 
experimental methods: laminar 
flames and jet-stirred reactors 

• Converters to/from other 
common formats: CSV, NumPy, 
Excel, etc.
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Prometheus
• Goal: community database for 

experimental data, models, and 
calculations 

• Initial team: 

• Kyle Niemeyer (Oregon State) 

• Bryan Weber (Univ. Connecticut) 

• Richard West (Northeastern) 

• Nicole Labbe (CU Boulder)
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Thank you! Questions?
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?
https://github.com/pr-omethe-us/PyKED

https://github.com/pr-omethe-us/PyKED


XML vs YAML
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