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Abstract 
The predictive capabilities of Computational Fluid Dynamics (CFD) for combustion systems rely on a proper 
description of the fuel chemistry. The growing interest in accurately capturing the combustion behavior of 
multi-component fuel mixtures creates additional challenges in developing reduced-order chemical kinetics 
mechanisms small enough to be used in CFD. Among the suite of chemistry reduction approaches available, 
lumping techniques appear especially suited to handle the complex nature of multi-component combustion 
chemistry. In particular, published literature provides very strong evidence that the lumping of non-rate- 
limiting pathways, and more speci!cally, the high-temperature fuel decomposition reactions, is a powerful 
avenue for multi-component mechanism reduction. In this work, we present a novel algorithm to identify and 
lump high temperature fuel decomposition reactions from detailed kinetic mechanisms. The lumping strategy 
is fully automatic, and relies exclusively on information available in the detailed mechanism. The performance 
of the technique is assessed for both a single-component fuel, n -dodecane, and its mixture with iso -octane. 
Results show that replacing the fuel decomposition sub-mechanism by a small number of reactions involving 
a single equivalent fuel component introduces very limited changes in the prediction of laminar "ame speeds, 
ignition delay curves, and species pro!les. This establishes a clear potential for the proposed algorithm to 
become a valuable addition to existing multi-stage mechanism reduction software. 
© 2020 The Combustion Institute. Published by Elsevier Inc. All rights reserved. 
Keywords: Kinetic mechanism reduction; Reaction lumping; High temperature chemistry; Multi-component fuels 
1. Introduction 

Mechanism reduction techniques are a power- 
ful tool in decreasing prohibitively high CPU costs 
in predictive CFD simulations of practical com- 
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bustion devices. These techniques can often be cat- 
egorized into skeletal reduction ( e.g. species and 
reaction elimination), time-scale reduction, and 
lumping techniques. Lumping, the focus of this pa- 
per, is especially attractive when dealing with high 
molecular weight hydrocarbon chemistry, for ex- 
ample in the !elds of combustion, atmospheric 
chemistry, or oil processing, where a large num- 
ber of isomers and similar reaction pathways are 
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typically found. A variety of lumping approaches 
have been published in the literature, targeting re- 
duction in different ways: 

• Species lumping aims at replacing a set of 
species by a small number of representative 
variables, typically a single lumped species. 
While mathematical criteria have been de- 
vised to formulate lumping transformations, 
it is often performed in an ad-hoc manner 
based on chemical considerations, for ex- 
ample by lumping together isomer species 
with similar kinetic pathways, or by group- 
ing species with similar chemical classes and 
functional groups [1,2] . 

• Lumping of reaction pathways, on the other 
hand, replaces a succession of elementary 
steps with a single lumped reaction and 
has the potential to forego intermediate 
species altogether. Hydrocarbon, and espe- 
cially aliphatic fuel combustion chemistry, is 
particularly well-suited for this approach: be- 
cause the fuel molecules undergo rapid ox- 
idative pyrolysis at high temperature to form 
low molecular weight fragments, the fuel 
decomposition chemistry can be decoupled 
from small-species chemistry and lumped. 
This decoupling assumption has been used 
extensively in literature (e.g., [3,4] ), the cut- 
off separating small radicals that govern the 
combustion dynamics from large species with 
limited in"uence on global combustion char- 
acteristics often being set to 4 carbon atoms. 

Focusing here on combustion applications, 
lumping techniques have not only been used to re- 
duce existing detailed kinetic mechanisms, but also 
as a powerful tool to directly generate simpli!ed re- 
action schemes. For example, Ranzi et al. [5] de!ned 
a number of primary propagation reactions and 
radicals for a given fuel, and used those to create a 
simpli!ed set of lumped fuel breakdown reactions. 
Recently, Wang et al. [6] proposed an approach 
using experimental data to de!ne and calibrate 
small sets of lumped reactions to describe the high- 
temperature decomposition of transportation fuel 
mixtures. Again, those reactions were appended 
onto a detailed C 0 − C 4 kinetic mechanism, yield- 
ing chemical models of reasonable sizes, even for 
complex realistic fuels. 

A signi!cant drawback to many of the lump- 
ing techniques described above is the need for ex- 
pert knowledge in de!ning the lumping transfor- 
mation, selecting rate constants, classifying reac- 
tions, or identifying the sub-mechanism containing 
the reactions or species to lump. In this work, we 
aim to address those issues in the context of de- 
tailed kinetic mechanism reduction for high tem- 
perature combustion by developing an automated 
simulation-driven algorithm for the identi!cation 
and lumping of fast fuel decomposition reactions, 
both in the context of single and multi-component 

fuel combustion. A "owchart of the proposed al- 
gorithm is available in the Supplemental Material 
(Fig. S1). 
2. Lumping methodology 
2.1. Overview and de!nitions 

Fuel decomposition reactions in a detailed ki- 
netic model describe the successive breakdown of 
large molecules into small hydrocarbon fragments. 
At high temperatures, fuel breakdown often oc- 
curs rapidly, and the corresponding kinetics have 
been found to minimally impact the main combus- 
tion dynamics [7] . Our objective is to replace those 
breakdown reactions by a small set of automati- 
cally de!ned lumped reactions. 

We de!ne R d as the set of reactions in a high- 
temperature kinetic mechanism. R d is split into two 
subsets: a set of fuel decomposition reactions, R f , 
with cardinality n R f , that describe how the fuel 
molecule progressively breaks down into smaller 
hydrocarbon fragments, and a set of all the other 
reactions, referred to as core reactions , R c . The 
species in the detailed mechanism can be split into 
three subsets: the set of large hydrocarbon inter- 
mediates formed in the fuel decomposition process, 
S f , the set of fuel components S F , and the set of all 
other species, which will be called core species , S c . 

To generate a lumped mechanism, we replace R f 
with a set of lumped reactions R ! . We assume that 
lumped reactions are of the form: 
F + R → ν1 P 1 + ν2 P 2 + ..., (1) 
where F is a lumped fuel molecule that can rep- 
resent a single- or multi- component fuel, R is an 
optional reactant, ν i are stoichiometric coef!cients, 
and P i are products. R and P i must be core species 
and represent small species consumed and pro- 
duced in fuel decomposition reactions. Species in 
S f are removed from the lumped mechanism, as 
they are assumed to break down rapidly to core 
species. A summary is provided in Fig. 1 . 
2.2. Formulation of lumped reactions 

Identi!cation of reactions to lump : The !rst step 
in the lumping procedure is to systematically iden- 
tify the reactions R f and species S f that character- 
ize the detailed fuel breakdown process. A detailed 
reaction is assigned to R f if it contributes to the 
formation of a product P without C − C bond re- 
con!guration at any point between the consump- 
tion of a fuel molecule and the formation of P . As 
motivated in the introduction and following litera- 
ture practices, S f is de!ned as the set of all interme- 
diate decomposition species directly produced by F 
which have n C > 4. 

In a given reaction, a product P is considered 
to be directly formed by a reactant R if all the 



L. Heberle and P. Pepiot / Proceedings of the Combustion Institute 38 (2021) 1053–1061 1055 

Fig. 1. Comparison of sub-mechanisms contained in detailed and lumped mechanisms. 
carbon atoms in P are donated by R without re- 
arrangement or combination with carbon atoms 
from other reactants. This is determined using tran- 
sition state analysis described in [8] , which detects 
the probability of carbon atoms in a given reactant 
to transfer to carbon atoms in a given product using 
structural and energy-based considerations. 

Reference dataset Lumped reactions are formu- 
lated to minimize the difference between the pro- 
duction rate of core species from the detailed fuel 
decomposition reactions and that from lumped re- 
actions, with an emphasis on predicting formation 
of species important to the core mechanism. For 
this purpose, a reference dataset of N samples is 
generated by recording chemical states over a se- 
ries of detailed homogeneous auto-ignition sim- 
ulations. Those con!gurations are recommended 
in Wang et al. [6] due to the clear separation 
in timescales between fuel decomposition and 
ignition. 

A recorded dataset entry consists of the follow- 
ing stored variables: the temperature T , the concen- 
tration of species S i , C S i , and the consumption and 
production rates of species involved in the fuel de- 
composition reactions, ˙ C −S i and ˙ C + S i , respectively. ˙ C −S i 
is computed as: 
˙ C −S i = n R d ∑ 

j=1 δ
R f 
j ν

R j 
S i ω j (2) 

where νR refers to the reactant stoichiometric co- 
ef!cients and ω j , to the reaction rates. δR f 

j is unity 
if the j th reaction is in R f , 0 otherwise. ˙ C + S i is com- 
puted as: 
˙ C + S i = n R d ∑ 

j=1 δ
R f 
j ν

P j 
S i ω j (3) 

where νP refers to product stoichiometric coef!- 
cients. Concentration and consumption rates of the 
fuel are speci!cally denoted by C F and ˙ C −F . In the 
case of a multi-component fuel, these values are 
taken as the sum of contributions from each of 
the fuel components. An optional weighting factor, 
proportional to the size of the simulation time step 

when each entry was recorded, is also added to min- 
imize sampling bias. 

Entries are recorded for the duration of the 
oxidative fuel pyrolysis process in each reference 
simulation. Wang et al. [6] outlines the separation 
between oxidative fuel pyrolysis and oxidation of 
small molecules, concluding that the two processes 
can be separated temporally or spatially, and ar- 
bitrarily sets the cutoff between the two processes 
when the fuel is 95% decomposed in a shock tube 
study. Here, we de!ne the decomposition process 
to occur while the fuel is driving the oxidative py- 
rolysis, that is, when the rate of fuel consumption 
exceeds the rate of consumption of any other large 
hydrocarbon. 

Lumped reactions and reactants By construction, 
R ! contains two types of reactions: fuel decomposi- 
tion and H-abstraction. We assume the presence of 
a uni-molecular fuel decomposition reaction to ini- 
tiate fuel consumption, while H-abstraction reac- 
tions are added to R ! only if the consumption of a 
reactant R ∈ S c relative to the consumption of fuel 
F in fuel decomposition reactions exceeds a user- 
de!ned cutoff α−: 
∑ 

n ∈ N ( ˙ C −R )n ∑ 
n ∈ N ( ˙ C −F )n ≥ α− (4) 
Lumped reaction rate coef!cients k and the Ar- 

rhenius parameters A and E are chosen so that, for 
each composition in the dataset, the reactants’ con- 
sumption rates calculated using reactions in R ! are 
as close as possible to the values computed using 
the detailed set of fuel-related reactions, R f . This 
is done as follows: 

• Entries in the reference dataset are !rst parti- 
tioned into a user-de!ned number of bins n b 
based on the entry temperature. An average 
bin temperature T b is then computed from all 
temperature entries in a given bin. 

• For each temperature and each lumped re- 
action, the rate coef!cient k ( T b ) is computed 
using a simple least squares approach over 
all entries in the bin. H-abstraction rate 
coef!cients k R are computed from reactant 
concentrations and the consumption rate of 
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reactant R recorded in the dataset as: 
˙ C −R = k R (T b ) C F C R (5) 

while decomposition rate coef!cients k F 
are computed from the fuel remaining after 
consumption in abstraction reactions: 
max 

 
 0 , ˙ C −F −

n R d ∑ 
j=1 δR 

j ˙ C −R 
 
 = k F (T b ) C F (6) 

Once k ( T b ) is known for each lumped reaction, 
a 2-parameter Arrhenius !t, also based on a least 
square approach, is performed to obtain the corre- 
sponding reaction rate constants. 

Lumped reaction products and product stoichio- 
metric coef!cients To de!ne the lumped reaction 
products P i and corresponding product stoichio- 
metric coef!cients νP i , we impose several criteria: 
(1) each reaction must have a balanced number of 
elements, (2) all stoichiometric coef!cients must be 
non-negative, and (3) the difference between the 
production rates of key fragments in lumped reac- 
tions and in detailed fuel decomposition reactions 
is minimized for species that are important to the 
core mechanism. 

For lumped H-abstraction reactions with a rad- 
ical R , we automatically select RH as a product to 
ensure elemental balance. Additional hydrocarbon 
products P i are selected from the set of core species 
if their production in R f relative to the production 
of other core species exceeds a user-de!ned cutoff 
α+ : 

∑ 
n ∈ N (δF ˙ C + P i )n 

max s ∈ S c (∑ 
n ∈ N (δF ˙ C + s )n ) ≥ α+ (7) 

where δF = 1 if the fuel consumption is at the max- 
imum value for a given canonical simulation and 
is otherwise 0. This weighting ensures that prod- 
ucts are selected at peak rates of fuel consumption, 
as selected products can signi!cantly in"uence the 
rate of fuel decomposition. 

Stoichiometric coef!cients are computed with a 
weighted least squares !t to minimize the differ- 
ence between all species production rates computed 
for lumped reactions and species production rates 
stored in the reference dataset. If a lumped product 
P i is a reactant in any of the lumped reactions, νP i 
is obtained from: 
˙ C + P i = n R d ∑ 

j=1 δ
R f 
j νP i, j ω j (8) 

where ω j is the reaction rate of the j th lumped re- 
action, computed with Arrhenius parameters ob- 
tained with least squares !tting. Otherwise, νP i is 
computed using the net rate of species formation: 
˙ C + P i − ˙ C −P i = n R d ∑ 

j=1 δ
R f 
j νP i, j ω j (9) 

In Eqs. (8) and (9) , a weighting factor is applied 
to the least squares !ts to weight any errors in the 
prediction of species production rates by the typi- 
cal concentration of that species present in the sys- 
tem over all entries in the reference dataset. Least 
squares constraints are also imposed to enforce an 
elemental balance for every lumped reaction and 
to ensure that stoichiometric coef!cients remain 
positive. 

Lumped reaction parameter optimization As a 
optional !nal step, lumped reaction parameters can 
be adjusted so that the lumped mechanism better 
predicts key combustion phenomena of interest. 

Adjusted parameters include the pre- 
exponential factor A and product stoichiometric 
coef!cients νP . For each lumped reaction, A and all 
νP are combined to form a vector χ of cardinality 
n L , which is normalized to form the vector of 
active parameters x [9] : 
x = ln ( χ

χ0 
)

/ ln ( F ) (10) 
where χ0 is the nominal value of χ and F is the un- 
certainty span of χ. 

Parameters x are adjusted to minimize the dif- 
ference between lumped model predictions η( x ) of 
quantities such as ignition delay time and laminar 
"ame speed, computed with a second-order Taylor 
series expansion [10] , and predictions of the same 
quantities ηdet obtained with the detailed mecha- 
nism. The vector of optimal lumped reaction pa- 
rameters x ∗ is computed via a solution mapping ap- 
proach [9] to minimize the objective function ': 
'( x ∗) = 

 
 n T ∑ 

i=1 
( 

ηi ( x ) − ηdet 
i 

σi ηdet 
i 

) 2  
 (11) 

where n T is the number of targets predictions to 
match and σ is a measure of target importance. 

If all stoichiometric coef!cient terms in x were 
perturbed independently during the computation 
of Taylor coef!cients used to evaluate η( x ) , ele- 
mental balances would not be maintained. Thus, 
for each atom type in each lumped reaction, we se- 
lect a constraining species S to enforce an elemental 
balance. Stoichiometric coef!cients of constraining 
species are not included in x , and are instead auto- 
matically updated with element balances. Bounds 
are imposed on x to ensure that stoichiometric coef- 
!cients corresponding to both constraining species 
and species in the set of active parameters are 
non-negative. 
3. Lumping of n -dodecane decomposition reactions 

To assess the capabilities of the lumping 
methodology described above, we consider a high 
temperature n -dodecane mechanism consisting of 
180 species and 1960 reactions [11] . The detailed 
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Fig. 2. Normalized ignition delay DTW error measure for a variety ( n R ! , n P ) combinations, each corresponding to a 
speci!c ( α−, α+ ) pair. Dark colors indicate larger discrepancies between detailed and lumped mechanism predictions. 
reference dataset used to formulate the lumped 
reactions is assembled from a series of reference 
isochor auto-ignition simulations at stoichiomet- 
ric conditions, at initial temperatures between 1100 
and 1600 K, and pressures between 1 and 20 atm. 
3.1. Lumping parameter selection 

A parametric study is !rst conducted on the cut- 
off parameters α− and α+ used to determine the 
number of reactions and products in the lumped 
reactions. Both α+ and α− are varied between 
0.01 and 1, yielding an ensemble of lumped sub- 
mechanisms containing between 1 (single decom- 
position reaction) and 6 (one decomposition re- 
action, 5 H-abstraction reactions) lumped reac- 
tions, each reaction containing between 4 and 14 
products on average. Each is added to the core 
n -dodecane sub-mechanism and used to simulate 
the reference auto-ignition cases. An aggregate er- 
ror measure for ignition delay time and species 
mass fraction pro!les over all simulated con!gu- 
rations is then computed using the Fast Dynamic 
Time Warping (DTW) methodology [12] , as im- 
plemented in Python’s fastdtw package. In contrast 
to conventional point-wise error evaluations, DTW 
quanti!es similarities between two curves with a 
single value, here the ignition delay times over a 
range of T 0 at a given p 0 , and the species concen- 
trations as function of time at a given p 0 and T 0 , 
allowing for an ef!cient assessment of each lumped 
mechanism. 

Figure 2 shows the DTW errors for each 
lumped mechanism, with magnitudes represented 
by marker color. For an easier understanding, α−
and α+ are converted to the corresponding number 
of lumped reactions n R ! and products n P , and all 
DTW error values are normalized by the maximum 

value found over all ( n R ! , n P ) combinations. A very 
similar picture is obtained for species pro!les, and is 
available in the Supplementary Material (Fig. S2). 
While the magnitude of DTW errors is dif!cult to 
interpret, clear trends can be observed. More than 
one lumped reaction is required to properly capture 
the combustion dynamics. Furthermore, with too 
few products, the combustion process is not com- 
pletely described, while too many products cause 
DTW errors to rise slightly as species with small 
production rates can be over-produced early in the 
combustion process. Accordingly, the cut-off val- 
ues α− = 0.02 and α+ = 0.2. are selected, corre- 
sponding to 6 lumped reactions and 7.5 products 
per reaction on average. 
3.2. n -Dodecane lumped sub-mechanism 

With α− and α+ !xed, the lumping procedure is 
applied to fully describe reactants, products, prod- 
uct stoichiometric coef!cients, and Arrhenius pa- 
rameters for each lumped reaction. The various !ts 
were found to be rather insensitive to the num- 
ber of temperature bins used, with a value of 20 
used throughout. The mechanism at the end of the 
lumping procedure contains 6 lumped reactions, 
156 species, and a total of 1794 reactions. The fuel 
decomposition process is now described by 1 non- 
core species, down from 27 in the detailed mecha- 
nism, and 6 reactions, down from 176. 

This mechanism is further adjusted using the 
optimization step described above. Representative 
ignition delays and integrated concentrations of 
lumped reactants and products are selected as the 
desired targets η. Ignition delays are assigned a 
value σ = 0 . 05 , while integrated species concentra- 
tion targets are assigned σ = 1 . All elements in the 
uncertainty span vector F are set to 2.0, and a step 
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Table 1 
Subset of lumped/optimized fuel decomposition reactions for the high temperature auto-ignition of n -dodecane/air and 
n -dodecane/ iso -octane/air mixtures. Arrhenius parameters are in cm, s, mol, K, and kJ. Other reactants include H, O, CH 3 
and HO 2 . 

n -Dodecane Lumped/optimized Reactions A E 
n -C 12 H 26 + OH → H 2 O + 0.0263 H 2 + 1.3863 C 2 H 4 + 0.2455 C 2 H 5 + 1.5908 C 3 H 6 

+ 0.1632 n -C 3 H 7 + 0.3299 p -C 4 H 8 + 0.5387 p -C 4 H 9 1.90 × 10 14 17.19 
n -C 12 H 26 → 1.2912 C 3 H 6 + 0.0367 n -C 3 H 7 + 0.014 C 2 H 5 + 0.38055 C 2 H 4 

+ 0.1226 p -C 4 H 8 + 1.6842 p -C 4 H 9 + 0.13255 H 2 4.40 × 10 16 330.90 
n -Dodecane/ iso -octane Lumped/optimized Reactions A E 
SUR + OH → H 2 O + 0.193 CH 3 + 0.0278 H 2 + 0.0246 C 2 H 4 + 0.2284 p -C 4 H 9 

+ 0.1945 p -C 4 H 8 + 0.0795 C 2 H 5 + 1.013 C 3 H 6 + 0.0594 n -C 3 H 7 
+ 0.7884 i -C 4 H 8 + 0.3841 t -C 4 H 9 

1.10 × 10 14 18.53 
SUR → 0.1177 CH 3 + 0.2028 H 2 + 0.0523 C 2 H 4 + 0.4528 p -C 4 H 9 + 0.1394 

p -C 4 H 8 + 0.3762 C 3 H 6 + 0.2592 C 2 H 5 + 0.1413 n -C 3 H 7 
+ 0.7111 i -C 4 H 8 + 0.6234 t -C 4 H 9 

1.72 × 10 16 310.82 

size α = 0 . 5 is used to generate the Taylor coef!- 
cients. Values for F and α were taken from similar 
previous studies [9,10] . χ0 was set from the initial 
lumped model stoichiometric coef!cients and Ar- 
rhenius rate parameters. Minimization of '( x ) is 
performed using the global derivative-free method 
ISRES from the open-source library nLopt [13] . 

The !nal set of lumped/optimized reactions are 
shown in Table 1 . Arrhenius parameters and sto- 
ichiometric coef!cients are rounded to 2 and 4 
signi!cant !gures respectively, except where more 
precision is needed for element balances. The 
mechanism containing lumped reactions with op- 
timized parameters is hereafter referred to as the 
lumped/optimized mechanism. H 2 is selected as the 
H constraining species, p -C 4 H 8 is selected as the C 
constraining species, and RH is selected as the O 
constraining species in reactions where radical R 
contains an oxygen atom. 
3.3. n -Dodecane lumped mechanism assessment 

Auto-ignition delay times are computed at 
the reference conditions and where experimental 
data is available. Comparisons for the latter are 
displayed in Fig. 3 , showing very good agree- 
ment between lumped, lumped/optimized, and de- 
tailed predictions. Over the reference cases, 6% 
and 28% average errors are obtained between 
the lumped/optimized and detailed predictions, 
and between the lumped and detailed predictions, 
respectively. Laminar "ame speeds computed with 
lumped and lumped/optimized mechanisms also 
found to compare favorably with the detailed mech- 
anism and experimental results, as shown in Fig. 4 
for n -dodecane-air mixtures at p = 1 atm and un- 
burnt "ame temperatures T u = 400 K and 470K. 

In order to assess the predictions of time- 
dependent quantities, pro!les of major species 
mole fractions are shown in Fig. 5 for a represen- 
tative auto-ignition case with an average error in 
ignition delay time. While species mole fractions 
generated with the detailed mechanism are gener- 

ally well-captured by the lumped/optimized mech- 
anism, there is a slight over-prediction of some 
lumped products from basic mass conservation 
considerations due to the removal of species in S f . 
Note that pure pyrolysis cases are not included in 
the present analysis since they fall outside the range 
of conditions, all involving oxidative pyrolysis, used 
here to derive lumped reactions. 

If fuel decomposition is fast compared to the 
chemical processes controlling the main ignition 
event, a key assumption of the proposed lumping 
approach, replacing its detailed description by a 
lumped one should not introduce any signi!cant 
changes in the sensitivities and controlling pro- 
cesses of the system. Results of a sensitivity anal- 
ysis for an isochor auto-ignition case with initial 
conditions φ0 = 1 , T 0 = 1400 K, and p 0 = 5 atm 
are shown in Fig. 6 . These results con!rm that re- 
actions in the detailed model with the greatest in- 
"uence on autoignition delay time are indeed con- 
tained within the set of core reactions, as antici- 
pated. More importantly, sensitivity coef!cients of 
the most in"uential reactions are very similar for 
the detailed, lumped, and lumped/optimized mech- 
anisms, indicating that lumping does not signi!- 
cantly alter core mechanism kinetics. 
4. Lumping of a n -dodecane/ iso -octane mixture 

Finally, the lumping approach is applied to 
a two-component mechanism to demonstrate its 
capability in lumping both fuel components and 
fuel decomposition pathways. We consider a 
50% n -dodecane/50% iso -octane mixture, with 
the corresponding mechanism obtained using the 
component library approach of Narayanaswamy 
et al. [18] . This mechanism contains 189 species and 
1996 reactions. 

The reference dataset is again generated 
with stoichiometric 0D isochor auto-ignition 
simulations, for 1100 K < T 0 < 1600 K, and 
1 atm < p 0 < 20 atm. Cutoffs α− = 0 . 02 and 
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Fig. 3. Isochor ignition delays for detailed (solid lines), lumped (dotted lines), and lumped/optimized (dashed lines) mech- 
anisms at high temperatures. Shock tube experiments (symbols) are by Davidson et al. [14] and Vasu et al. [15] . 

Fig. 4. Comparison of n -dodecane/air laminar "ame speeds predicted using the detailed (solid lines), lumped (dotted lines), 
and lumped/optimized (dashed lines) mechanisms at the conditions corresponding to the experimental data (symbols, 
[16,17] ). 

Fig. 5. Comparison of select species pro!les obtained using the detailed (solid line) and lumped/optimized (dashed line) 
mechanisms for an isochor auto-ignition case with initial conditions φ = 1 . 0 , p = 5 atm, and T = 1400 K. 
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Fig. 6. Sensitivity coef!cients of top 10 reactions controlling auto-ignition delay times for the detailed mechanism, com- 
pared to same reactions in the lumped and lumped/optimized mechanisms with initial conditions φ = 1 . 0 , T = 1400 K, 
and p = 5 atm. Sensitivity coef!cients are computed by adjusting reaction rates by a factor of 2.0. 

Fig. 7. Ignition delays for a 50% n -dodecane/50% iso -octane mixture at φ = 1 and the reference dataset initial temperatures 
and pressures. comparison between detailed (Solid lines), lumped (dotted lines) and lumped/optimized (dashed lines). 
α+ = 0 . 1 yield 6 lumped reactions with products 
from both i -octane and n -dodecane decomposi- 
tion. Several of these are shown in Table 1 , with 
the n -dodecane/ i -octane fuel mixture treated as a 
single equivalent species “SUR”. The mixing rules 
used to compute the equivalent thermochemical 
and transportation parameters for that species are 
described in [19] . The resulting lumped/optimized 
mechanism consists of 158 species and 1750 
reactions. 

Ignition delay times are shown in Fig. 7 . The 
maximum ignition delay error computed with the 
lumped/optimized mechanism at conditions used 
to generate the lumped reactions is 13%, and the 
average ignition delay error is 7%. Error in laminar 
"ame speeds (Fig. S3 in the Supplementary Mate- 
rial) are less than 3% for the same conditions as 
those of Fig. 4 . 

5. Conclusion 
A novel approach is proposed to automatically 

lump high-temperature aliphatic fuel decomposi- 
tion reactions in detailed mechanisms. Key features 
of this technique include the automated identi!- 
cation of the fuel decomposition sub-mechanism, 
the use of a reference database, and a !tting pro- 
cedure complemented by a layer of optimization 
to determine the lumped kinetic parameters, by- 
passing entirely the need for user expertise. The 
methodology has been shown to successfully han- 
dle both single and multi-component fuel descrip- 
tions, replacing in the latter case the various fuel 
components by a single, equivalent species, and 
dramatically decreasing the size of the fuel de- 
composition sub-mechanism (e.g. a 96% decrease 
in the n -dodecane case). While the applicability 
of the methodology is currently limited to high 
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temperatures, the proposed algorithm has the po- 
tential to complement and signi!cantly increase the 
performance of multi-stage mechanism reduction 
tools to obtain much needed CFD-tailored, multi- 
component reduced order kinetic models (an illus- 
tration for n -dodecane is provided in the Supple- 
mental Material, while additional applications can 
be found in [19] ). All mechanisms derived in this 
work are available as supplementary material. 
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