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Abstract

Cyclopentanone, a promising clean alternative fuel derived from biomass, was investigated in this work for its laminar burning velocities (LBVs). Experiments
were conducted in a constant-volume cylindrical combustion vessel under an initial temperature of 443 K, initial pressures of 1 to 5 atm, and equivalence
ratios ranging from 0.6 to 1.5 using high-pressure. The newly obtained experimental data were used to validate three representative kinetic models of
cyclopentanone combustion from the literature. Among them, the Li model (Energy Fuels, 2021, 35: 14023—143034) provided the most accurate predictions
of the experimental data. Based on the Li model, kinetic analyses incorporating sensitivity analysis and rate of production analysis were conducted to
systematically investigate the effects of equivalence ratio and pressure on the LBVs of cyclopentanone. The results indicate that vinyl-related reactions play
significant roles in cyclopentanone flames, with C,H; + H = C,H, + H, being the most critical inhibiting reaction under rich conditions. With the increase of
the initial pressure, the sensitivity coefficient of H + O, (+ M) = HO, (+ M) gradually increases and exceeds C,H; + H = C,H, + H, under equivalent conditions.
Furthermore, a comparison of LBVs with those of cyclopentane and cyclopentanol—both compounds with similar five-membered ring structures—shows
that cyclopentanone exhibits significantly faster flame propagation. This behavior is mainly attributed to the unique molecular structure of cyclopentanone,
which facilitates the generation of reactive radicals such as C,H; and H during the combustion process, effectively promoting its flame propagation.
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Introduction

Cyclopentanone is a highly promising clean alternative fuel that
can be extensively derived from biomass. Recent studies have
demonstrated that selective catalytic conversion of lignocellulosic-
derived furfural facilitates the efficient production of cyclopentanone
at a relatively low economic costl'l. The application of cyclopen-
tanone as a substitute for fossil fuels in practical combustion systems
has demonstrated significant potential for reducing carbon emissions.
Additionally, cyclopentanone contains a carbonyl functional group,
which significantly mitigates the soot produced during
combustion23], Tong et al.*! investigated the combustion characteris-
tics of cyclopentanone/diesel blends in engines, revealing that the
incorporation of cyclopentanone extends the ignition delay time (IDT)
and increases the peak combustion temperature within the cylinder.
Furthermore, compared to pure diesel, cyclopentanone blends signif-
icantly reduced particulate matter emissions.

Several studies have explored the fundamental combustion char-
acteristics and kinetic modeling of cyclopentanone, including LBVs,
IDTs, and the concentrations of pyrolysis/oxidation components.
The LBV is a critical parameter for assessing the gas-phase diffusion
and reactivity within combustion systems, as well as for validating
the overall performance of kinetic models. Bao et al.5] measured the
LBV of cyclopentanone at 1 atm and under varying initial tempera-
tures (T, = 423, 448, and 473 K) in a constant-volume combustion
chamber. Their results indicate that the laminar flame propagation
of cyclopentanone is comparable to that of ethanol and gasoline
under lean conditions; however, at equivalence ratios (¢) from 1.0
to 1.4, The LBV of cyclopentanone exhibits an intermediate value,
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positioning it between gasoline and ethanol in terms of combus-
tion reactivity. Zhang et al.l®! conducted an experimental study of
laminar flame propagation of cyclopentanone at various initial
temperatures and atmospheric pressure based on the spherical
flame method and heat flux method. It was also compared with
ethanol and n-propanol to investigate the effect of the unique ring
structure of cyclopentanone on the LBV. While some efforts have
been made in understanding cyclopentanone’s laminar flame pro-
pagation, research under elevated pressures is still limited, and the
pressure effect on its flame characteristics of cyclopentanone
remains unclear.

In terms of kinetic modeling, Zhang et al.l®7l constructed a
detailed chemical kinetic model for cyclopentanone, validating it
with LBVs and IDTs data. Sun et al.!® explored the species distribu-
tion of cyclopentanone laminar premixed flames and developed a
kinetic model to interpret the high-temperature combustion chem-
istry of cyclopentanone. Additionally, Li et al.l! from our research
group conducted a comprehensive investigation of cyclopen-
tanone in a flow reactor, employing synchrotron vacuum ultraviolet
photoionization mass spectrometry (SVUV-PIMS) across a tempera-
ture range from 875 to 1,428 K and pressures from 0.04 to 1 atm.
Their research included theoretical calculations of the fuel unimolec-
ular decomposition and the construction of a detailed kinetic
model. Overall, research on the fundamental combustion proper-
ties of cyclopentanone remains limited, particularly regarding
experimental measurements of LBV at elevated pressures. Conse-
quently, further experimental studies of cyclopentanone's laminar
flame propagation are essential to deepen the understanding of its
combustion chemistry.
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In this work, the laminar flame propagation of cyclopentanone/air
blends are investigated in a high-pressure cylindrical constant
volume combustion vessel at a temperature of 443 K, pressures of 1,
2, and 5 atm, and equivalence ratios of 0.6 to 1.5. We evaluated
three existing kinetic models against our experimental data and
conducted a comprehensive kinetic analysis proposed by Li et al."},
focusing on the effect of equivalence ratio and pressure on flame
propagation. Additionally, to explore the kinetic mechanisms under-
lying the differences in LBVs among cyclic fuels with various func-
tional groups, a comparison of the LBVs of cyclopentanone,
cyclopentane, and cyclopentanol were conducted.

Methodology

Experimental setup

The experiments on LBV were performed in a high-pressure,
constant-volume cylindrical combustion vessel at Shanghai Jiao
Tong University (Shanghai, China). A schematic of the experimental
setup is shown in Fig. 1, which includes the combustion vessel, the
premixing vessel, the vaporizer, the pipelines, and the temperature
control system!'%, The combustion vessel consists of a single-cham-
ber cylindrical structure constructed from 304 stainless steel, featur-
ing an internal diameter of 150 mm and a length of 152 mm. Two
quartz windows with a diameter of 75 mm and a thickness of 30 mm
are positioned on either side of the vessel, allowing imaging of the
flame propagation process. The combustion vessel is heated to
443 K using a heating jacket, with the temperature monitored and
regulated by a K-type thermocouple and a PID temperature
controller. The ignition of the combustible mixture is facilitated by a
pair of horizontally aligned tungsten electrodes, each with a dia-
meter of 500 um positioned at the center of the vessel. Flame propa-
gation is recorded at 12,000 fps by a Schlieren system with a high-
speed camera. The LBVs and Markstein lengths are subsequently
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extracted from the recorded flame images through established data
processing methods described in previous work!'%,

Data processing

In the LBV experiments, flame images were captured by a high-
speed camera. The stretched flame speed is determined through the
differential calculation of the flame radius:

Sp= il )]
dt
where, r¢is the radius of the flame surface, t is the elapsed time after
ignition, and b refers to the unburned state. The stretch rate of the
spherical flame is defined as:
_ dli’lAf _ 2 dl’f
A T ar
whereg, x is the flame stretching rate, and A¢is the area of the spherical
flame surface. Subsequently, the LBV of the unstretched flame can be
obtained from the nonlinear relationship!":
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where, § 2 represents the unstretched flame speed, while L, denotes
the Markstein length. After obtaining the unstretched flame LBV of the
burned gas, the unstretched flame velocity and Markstein length in the
unburned state can be obtained by dividing the nonlinear regression
results by the density ratio:

Sy _ PbS)
o Pl
where, SO is the unstretched LBV, density ratios (pg/pg) were

calculated by Chemkin-Pro softwarel'2.

The uncertainty of the data for LBV is comprehensively evaluated
and presented in detail in our previous work!'%. The total uncer-
tainty of LBVs involves a combination of extrapolation methods,
experimental repeatability, buoyancy effects, radiation effects, and
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Fig.1 A schematic constant-volume combustion vessel'?,
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density ratios. Specifically, the empirical formula proposed by Yu et
al.l"3l is adopted to quantify the uncertainty in LBV caused by the
radiation effect, as follows:

~1.14 =
S S,RCFS =S S,Exp ~ 082 S S,Exp Q ﬁ 03 )
s0 ' So ToJ\ Py

u,Exp

Brad,rel =
where, S(u),RCFS is the radiation corrected burning velocity, S(M”Exp is the
measured LBV for spherical flame, reference conditions are: S, =1 cm/s,
To = 298 K, P, = 1 atm. The offset of the flame center reflects the
buoyancy effect. A fitting method from de Vries et al.'¥ is used to get
the center of the spherical flame. The contribution of buoyancy to the
relative uncertainty of LBV is quantified using Eqn (6).

Spouo—Sp _ 4 (&f)
Sp B d}’f
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where, ryand r¢ + ore are the ideal flame radius and buoyancy-affected
flame radius respectively, s, 4,0 = d(rs + dr)/dt is the buoyancy-affected
sp. The deviation of density ratio arises from the simplification of the
physical model and it is evaluated by Eqn (7),

0s; —0Eq

(7
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where, o, is the density ratio calculated by equilibrium, o, is the
density ratio calculated by premixed flame, and B,/ is the relevant
difference between the two methods. In this work, each experiment
was conducted in triplicate to ensure reliability. The mean value of the
three repetitions was used as the best estimate of the measured
quantity, while the standard deviation of the repeated measurements
was employed to assess random uncertainty. Following this, the
relative combined overall uncertainties of the measured LBVs were
determined by systematically integrating the aforementioned
uncertainties. The uncertainties of LBV in this work are in the range of
1.06—1.66 cm/s.

Numerical method

In this work, three cyclopentanone kinetic models — the Sun
model®], the Zhang model®, and the Li modell®d — were validated
against the measured LBV. It should be noted that since no trans-
port data were provided in the Li model, transport data were added
to the Li model based on previous studies!’>-'8 to perform LBV
simulations. The information on these models is shown in Table 1.
Numerical modeling of the LBV was performed using CHEMKIN
PROI'Z software, adopting the Premixed Laminar Flame-speed
module. The maximum number of grids was set to 1,000, while the
curvature parameter and the gradient parameter were set to 0.1.
Additionally, multi-component transport and Soret effect were
considered in the simulations.

Results and discussion

Experimental and simulated results

Figure 2 presents the measured LBVs at pressures of 1, 2 and 5
atm. As shown, at all three pressures, the LBV initially rises and
subsequently declines with increasing equivalence ratio across all
three pressures, with the peak occurring at ¢ = 1.1. Under rich con-
ditions at 5 atm, cellular instabilities tend to influence spherical

Table 1. Details of the chemical kinetic models published in literature.
Model Year Number of species Number of reactions
Sun model 2018 515 2,840
Zhang model 2020 239 1,660
Li model 2021 220 1,671
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flames, causing surface wrinkling that accelerates flame propaga-
tion; thus, the maximum valid equivalence ratio under these con-
ditions is 1.2.

The predictive performance of the three kinetic models at various
pressures is also compared in Fig. 2. Under all tested conditions, the
Li model reasonably predicts the experimental data for cyclopen-
tanone. The Sun and Zhang models exhibit different prediction
performances under different conditions. Specifically, at 1 atm, the
Sun model significantly overestimates experimental data, while the
Zhang model agrees with the experimental results only at equiva-
lence ratios of 1.4 and 1.5, and is overestimated at other equiva-
lence ratios. At 2 atm, the Sun model continues to overpredict the
experimental data. However, the simulation results of the Zhang
model produce results closer to the experimental data, with only a
slight overprediction under lean conditions, suggesting that it over-
estimates the pressure dependence of flame propagation in
cyclopentanone/air mixtures. At 5 atm, the Sun model overpredicts
the experimental data across all experimental equivalence ratios.
The Zhang model, on the other hand, agrees with the experimental
data under lean conditions (¢ < 1.0), but underpredicts under rich
conditions (¢ =1.0). Based on these findings, the Li model was
selected for further kinetic analysis.

The Markstein length is also an important parameter that charac-
terizes the stability of the fuel combustion properties in the spheri-
cal flame propagation. The experimental results of Markstein length
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Fig. 2 Experimental and simulated LBVs of cyclopentanone/air
mixtures at 443 Kand 1-5 atm.
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at various pressures and equivalence ratios are shown in Fig. 3. The
Markstein length is defined as shown in Eqn (3), which indicates the
sensitivity of the LBV of the fuel mixture to the stretch rate. From
Fig. 3, it can be seen that Markstein length decreases with increas-
ing equivalence ratio for all three pressures. The lower Markstein
length suggests a reduced sensitivity of LBVs to stretch rate and
indicates that cellular instabilities arise at lower pressures and equi-
valence ratios!'?. At 1 atm, the Markstein length decreases to a
negative value when the equivalence ratio is increased to 1.5. With
increasing pressure, the Markstein length decreases and the cellular
instability occurs at lower equivalence ratios, as a result, no valid
data are available for some of the rich conditions at high pressures.

Effects on LBVs

Equivalence ratio effects

To elucidate the influence of the equivalence ratio on cyclopen-
tanone laminar flame propagation, this study analyzes the reaction
pathways of cyclopentanone/air mixtures under lean and rich con-
ditions. Figure 4 illustrates the primary pathways of the cyclopen-
tanone combustion at two equivalence ratios, where ¢ = 0.7 and
1.4 represent the lean and rich conditions, respectively. It can be
seen that cyclopentanone first undergoes H-abstraction with free
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Fig. 3 Measured Markstein lengths of cyclopentanone/air flames at
443 Kand 1-5 atm.
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radicals to form ACYCsH,0, BCYCsH,0, and C,H,, respectively. Under
lean conditions, 38.8% of the cyclopentanone is converted to
ACYCsH,0, 12.7% to C,H,, and 46.0% to BCYCsH,O. For rich condi-
tions, the contribution ratios differ slightly, with more fuel being
converted to ACYC;H,0 (42.0%) and fewer to C,H, (7.9%), and
BCYCsH,0 (41.4%).

Subsequently, ACYCsH,0 undergoes the ring-opening reaction to
produce two ketone radicals containing C=C bonds, which further
eliminate CO to produce C4H;O radicals, followed by f-scission reac-
tions to produce vinyl radicals. Similarly, BCYCsH;0 also undergoes
the ring-opening reaction and further generates ethylene, vinyl, and
allyl via a-scission or f-scission reactions. It can be found that
cyclopentanone mainly generates unsaturated C, and C, species
through H-abstraction, ring opening, and scission reactions, and
rarely generates CH;. Equivalence ratios have a minor effect on the
reaction pathway and branching ratios, and the main reaction
pathways are almost the same in both lean and rich combustion
conditions.

Sensitivity analyses were performed under various equivalence
ratios to investigate the effect of ¢ on flame propagation, as shown
in Fig. 5. Under lean conditions, the chain-propagation reaction CO
+ OH = CO, + H and the chain-branching reaction H + O, = O + OH
are the two most promoting reactions, with the sensitivity of the
former one being slightly higher than that of the latter one. H + O,
(+ M) = HO, (+ M) is the most inhibiting reaction for flame propaga-
tion. As ¢ increases, the sensitivity of H + O, = O + OH increases and
becomes the most promoting reaction at ¢ = 1.0 and 1.4. Mean-
while, the sensitivities of vinyl-related reactions, such as C,H; + H =
C,H, + H, and GH3 + O, = CH,CHO + O, also exhibit a gradually
increasing trend with increasing equivalence ratio. Under rich condi-
tions, the sensitivity coefficient of C,H; + H = C,H, + H, exceeds that
of H + O, (+ M) = HO, (+ M), making it the most negative reaction.
This indicates that C,H; plays a more important role in rich
cyclopentanone flames, which is quite similar to that in ethylene
flames(29l, It is also noticed that different from hydrocarbon
flames(2':221 and other oxygenated fuel flames(2324, methyl-related
reactions, particularly CHz + H (+ M) = CH, (+ M), are not among the
sensitive reactions because of the limited production of methyl
in cyclopentanone flames. In addition, the three H-abstraction
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Fig.4 Main reaction networks in cyclopentanone flame at 1 atm (black: ¢ = 0.7, red: ¢ = 1.4).
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CH, +H=C,H, +H,

H + 0,(+M) = HO,(+M)
HO, +H=H,+0,
HCO + 0, =CO + HO,
HCO+H=CO+H,
C.H, +0=HCCO +H
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Fig. 5 Sensitivity analysis of LBV for cyclopentanone/air mixtures at
473 K, 1 atm, and various equivalence ratios.

reactions of cyclopentanone exhibit high sensitivity at various
equivalence ratios, with the reactions producing ACYC;H,0 being
promoting due to the large amounts of ethylene and vinyl while the
reaction producing BCYCsH,O is inhibiting due to the competition
with the former.

Pressure effects
Figure 6 shows the results of LBVs of cyclopentanone/air mixtures
at 1-5 atm, and the LBVs show a significant decreasing trend with
the increase of the pressure. In other words, LBVs of cyclopen-
tanone/air mixtures exhibit a clear pressure dependence. For
comparison, Fig. 7 shows the variation in LBVs with the pressure
under three equivalence ratios. The trend of LBVs with pressure is
similar across different equivalence ratios, with all exhibiting nonlin-
ear behaviors. Supefrficially, the influence of pressure on LBV dimin-
ishes as the pressure increases. Based on previous studies25-27],
the LBV is exponentially correlated with the pressure, as shown in
Eqn (8):
B
Sy = 32,0(%) ®)
where, P, is the reference pressure (1 atm in this work), 52,0 is the LBV
at 1atm, S is the LBV at pressure P,, and S is the pressure-dependent
coefficient. The f is equal to 0.5n—1, and n is the global reaction order.
The pressure-dependent coefficients at various equivalence ratios are
shown in Fig. 8. It is observed that as the equivalence ratio increases,
the £ initially rises, reaches a maximum at ¢ = 1.2, and subsequently
declines. Since S is negative, a smaller f# means a stronger pressure
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Fig.6 Measured and simulated LBVs for cyclopentanone/air mixtures.
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dependence of LBV. For equivalence ratios ranging from 0.6 to 1.3,
the value of f varies between —0.19 and —0.41.

To further examine the chemical effect of pressure on flame prop-
agation, sensitivity analysis at stoichiometric ratio and pressures of
1, 2, and 5 atm was performed, as shown in Fig. 9. Under the three
pressure conditions, H + O, = O + OH is the reaction with the high-
est positive sensitivity coefficients, which generates O and OH radi-
cals that promote flame propagation. At 1 atm, C,H; + H=C,H, + H,
is the most inhibiting reaction for flame propagation. As pressure
increases, the sensitivity coefficient of the third-body reaction H +
O, (+ M) = HO, (+ M) is also enhanced, thereby inhibiting the flame
propagation of the cyclopentanone. In addition, the elementary
reactions associated with the initial consumption of fuel are also
highly sensitive under all investigated pressures. Specifically, the H-
abstraction of cyclopentanone with OH/H radicals producing
ACYCsH,0 have high positive sensitivity coefficients, while H-
abstraction reaction of cyclopentanone with OH producing
BCYCsH,0 has the high negative sensitivity. This can be attributed
to the fact that ACYCsH,O mainly generates C,H, and C,Hj3 in the
subsequent decomposition reactions, which favor enhancing the
flame propagation. In contrast, the reaction generating BCYCsH,0
competed with the above reactions for reactive radicals, thereby
inhibiting the flame propagation.

Fuel molecular structure effects: comparison with
cyclopentane and cyclopentanol

Similar to cyclopentanone, cyclopentanol is a fine chemical f
eedstock that can be obtained from lignocellulose?8! and is a poten-
tial alternative biofuel?. Cyclopentane, on the other hand, is a

120

CPO/air
100+ T,=443K

ESSIE SRS
Il
—_o o
N oo O

Laminar burning velocity (cm/s)
[\ P [*N) e
o (=) o (=)

P, (atm)

Fig.7 Measured LBVs of cyclopentanone/air mixtures at 443 K, ¢ = 0.6,
0.8,and 1.2.
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Fig. 8 Measured (symbols) and simulated (lines) pressure dependent
coefficient g for cyclopentanone/air flame.
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H+ 0,(+M) = HO,(+M)

CH,+H=CH+H,

HO,+H=H,+0,
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Fig. 9  Sensitivity analysis of LBV for cyclopentanone/air mixtures at
¢ = 1.0 and various pressures.

five-membered cyclic alkane recognized as a high-octane alterna-
tive fuel. In this work, the LBVs of the three cyclic fuels with similar
five-membered ring structures, namely cyclopentanone, cyclopen-
tanol, and cyclopentane, are further compared to investigate the
effect of various functional groups in the cyclic fuels on the flame
propagation. However, no experimental data on the LBVs of
cyclopentanol and cyclopentane at 443 K has been reported in the
literature. To enable a direct comparison, simulated LBV values
under the same conditions are used in this work. It is important to
note that the kinetic models of cyclopentane and cyclopentanol are
derived from the works of Zhao et al.2% and Cai et al.[2937], respec-
tively, both of which have been validated against LBV experimental
data.

Figure 10 shows a comparison of the simulated LBVs for the three
fuels at 443 K'and 1 atm. It can be seen that cyclopentanone flame
propagates fastest, followed by cyclopentanol, with cyclopentane
showing the slowest flame propagates. The maximum LBVs for all
three fuels occur near ¢ = 1.1, with the LBV of cyclopentanone at
80.2 cm/s, while the LBV of cyclopentanol and cyclopentane at 73.2
and 67.0 cm/s, respectively. Further analysis is carried out to gain
insight into the control mechanisms behind this discrepancy.
Notably, thermal effects are a significant factor influencing flame
propagation. The adiabatic flame temperatures for the three fuels
were calculated at the same conditions, as shown in Fig. 11. These
temperatures are similar, with a difference of less than 20 K.
Cyclopentanol exhibits a marginally lower flame temperature com-
pared to the other two fuels. Additionally, the molecular weights of

100
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Fig. 10  Simulated LBVs of cyclopentanone, cyclopentanol?®3", and
cyclopentanet? at 1 atm and 443 K.
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the three fuels are also comparable, resulting in similar transport
properties. Therefore, it can be inferred that the chemical effect is
the main reason for the significant difference in the flame propaga-
tion among the three fuels. This difference is mainly attributed to
the fuel molecular structure, which affects the pool of radicals in
their combustion process.

The ROP analysis showed that the initial consumption pathways
for all three cyclic fuels involve H-abstraction with O, and various
radicals, leading to the formation of fuel radicals. Figure 12 shows
the C-H bond dissociation energies (BDE) at various carbon sites for
the three fuel molecules. Cyclopentane, a symmetric molecule,
exhibits a uniform C-H BDE of 97.1 kcal/mol. In cyclopentanol, the
hydroxyl group induces a weakening effect on the C-H bond on the
o-carbon, reducing its BDE by 4 kcal/mol compared to cyclopentane,
while the C-H BDEs at the S-carbon and y-carbon remain consistent
with those of cyclopentane. In cyclopentanone, the C-H bond disso-
ciation energy on the f-carbon is significantly lower than the corre-
sponding sites in cyclopentane and cyclopentanol due to the substi-
tution of the carbonyl group, with a value of only 90.3 kcal/mol. As
a result, for the initial consumption of the three fuels, cyclo-
pentanone is the most susceptible to H-abstraction, followed by
cyclopentanol, and then cyclopentane.

As mentioned above, cyclopentanone generates intermediates
such as ethylene, vinyl, and 1,3-butadiene through reaction path-
ways such as H-abstraction, ring opening, and f-dissociation. For
cyclopentanol, the reaction network is more complex, it undergoes
H-abstraction at three different carbon sites, producing fuel radicals
including a-cyclopentanol, S-cyclopentanol, and y-cyclopentanol.
Specifically, a-cyclopentanol mainly reacts with oxygen to form
stable cyclopentanone. f-cyclopentanol and y-cyclopentanol are
mainly consumed through hydrogenation to form cyclopentenol,
followed by H-abstraction, ring-opening, and S-dissociation reac-
tions to form small products such as C3H;, C,H;0H, etc. For
cyclopentane, H-abstraction initially produces cyclopentyl, most of
which undergoes ring-opening reactions to form n-pentenyl, with a
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small fraction undergoing hydrogenation to form cyclopentene. It
should be noted that the n-pentenyl undergoes subsequent f-scis-
sion reaction to form 1,3-butadiene and CHs. This indicates that
cyclopentane flames produce a significant amount of CHs, whereas
cyclopentanone and cyclopentanol flames generate relatively lower
amounts of CH;.

Figure 13 shows the maximum concentrations of the four critical
radicals associated with flame propagation at T, =443 K, P, = 1 atm,
and ¢ = 1.1. Among these, H and OH are the primary reactants in
fuel H-abstraction reactions and critical intermediates influencing
flame propagation. As show in Fig. 13, the maximum OH concentra-
tion for the three fuels is quite close, while the H concentration for
cyclopentanone is significantly higher than the other two fuels. In
addition, the CH; radical concentrations vary slightly among the
three fuels. As previously mentioned, the intermediates in the
cyclopentane flame are primarily CH; and allyl. As can be seen,
cyclopentane has the highest peak concentration of CH; among the
three fuels. CH; can consume H radicals through the chain-termina-
tion reaction CH3 + H (+ M) = CH, (+ M), thus inhibiting flame propa-
gation. Therefore, the lower H radical concentration and higher CH;
concentration inhibit the flame propagation of cyclopentane, which
results in a significantly lower LBV than cyclopentanone and
cyclopentanol. Additionally, the maximum C,H; concentration in
cyclopentanone is approximately twice that of cyclopentanol. From
the ROP analysis (Fig. 4) and sensitivity analysis (Fig. 5), it can be
seen that the C,H; is an important intermediate in the cyclopen-
tanone flame, readily undergoes the chain branching reactions, such
as C,H; + O, = CH,CHO + O, which increases the reactivity and
promotes flame propagation. The higher C,H; concentration in
cyclopentanone contributes to its higher LBV.

Conclusions

Laminar flame propagation of cyclopentanone/air mixtures was
experimentally investigated using a constant-volume combustion
vessel. Measurements of LBVs and Markstein lengths were con-
ducted at initial pressures of 1, 2, and 5 atm and equivalence ratios
ranging from 0.7-1.5, and an initial temperature of 443 K. The
performance of three kinetic models in predicting experimental
data was compared. Given the good predictions by the Li model, a
detailed kinetic analysis was carried out to explore the chemical
effect of the equivalence ratio and initial pressure on flame propaga-
tion. The main conclusions are drawn as follows:

(1) The LBVs of cyclopentanone show distinct pressure depen-
dence, with increased pressure inhibiting the flame propagation.
Under various pressures, the LBV increases and then decreases as
the equivalence ratio rises, with the peak located at ¢ = 1.1.
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(2) H-abstraction reactions of cyclopentanone are the primary
pathways for fuel consumption. Vinyl-related reactions play a more
significant role in cyclopentanone flames, with C;H; + H=C,H, + H,
being the most critical inhibiting reaction under rich conditions.
Under equivalent conditions, the sensitivity coefficient of H + O, (+
M) = HO, (+ M) exhibits a gradually increase with rising initial pres-
sure and exceeds that of C;H; + H=C,H, + H,.

(3) A comparison of LBVs for cyclopentanone, cyclopentane, and
cyclopentanol shows that cyclopentanone exhibits the fastest flame
propagation. This behavior is mainly attributed to the carbonyl func-
tional group in cyclopentanone, which promotes the generation of
H and C,Hj; radicals, further accelerating its flame propagation.
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