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Fig. 1. The quartz supercritical-pressure jet stirred reactor  

Fig. 2. Schematic of the SP-JSR setup 

Fig. 3. Temperature evolution of the fuel mole fraction, n-C4H10, from 500 to 900 K with and without 

CO2 additions, at 10 and 100 atm, and by using Healy's and the updated models, respectively. 

Fig. 4. Reaction pathways for n-butane without CO2 addition at 100 atm (a) and 10 atm (b) at 740 K by 

using Healy's model. The thickness of arrows here represents the relative importance of different 

reaction pathways based on the rate of species production. 

Fig. 5. Sensitivity analyses for n-butane without CO2 addition at 740 (a) and 800 K (b) and at 100 atm 

by using Healy's model. 

Fig. 6. Temperature evolutions of the mole fraction of O2 (a), CO (b), CO2 (c), C2H4 (d), CH2O (e), and 

CH3CHO (f) from 500 to 900 K with and without CO2 additions, at 10 and 100 atm, and by using 

Healy's and the updated models, respectively. 

Fig. 7. (a) Ignition delay time of n-butane/air mixture with different equivalence ratios at 20 atm and (b) 

laminar burning velocity of n-butane/air mixture with different equivalence ratios at 1-10 atm in 

literature experiments and model simulations by using the updated model in this paper. Lines are model 

simulations. The ignition delay time data in (a) are from [20], while the flame speed data in (b) are from 

[26].
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Abstract 

A novel supercritical-pressure jet stirred reactor (SP-JSR) is developed to operate up to 200 atm. The SP-JSR 

provides a unique platform to conduct kinetic studies at low and intermediate temperatures at extreme pressures 

under uniform temperature distribution and a short flow residence time. n-Butane oxidations with varying levels 

of CO2 dilutions at pressures of 10 and 100 atm and over a temperature range of 500-900 K were conducted using 

the SP-JSR. The experiment showed that at 100 atm, a weak NTC behavior is observed and the intermediate 

temperature oxidation is shifted to lower temperatures. Furthermore, the results showed that CO2 addition at 

supercritical conditions slows down the fuel oxidation at intermediate temperature while has little effect on the 

low temperature oxidation. The Healy model under-predicts the NTC behavior and shows little sensitivity of the 

effect of CO2 addition on the n-butane oxidation. Reaction pathway and sensitivity analyses exhibit that both the 

low and intermediate temperature chemistries are controlled by RO2 consumption pathways. In addition, the 

reactions of CH3CO (+ M) and CH3CO + O2 become important at 100 atm. The results also revealed that fuel 

oxidation kinetics is insensitive to the third body effect of CO2. The kinetic effect of supercritical CO2 addition 

may come from the reactions involving H2O2, CO, CH2O, and CH3CHO, especially for the reactions of CO2 + H 

and CO2 + OH. 
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1.  Introduction 

Supercritical combustion has increasingly gained attention for its high thermodynamic efficiency, low 

pollutant emissions, and applications in advanced internal combustion engines, gas turbines, and air-breathing 

engines, in which the operating pressure reaches up to several hundreds of atmospheres [1-4]. However, at such 

high pressure and temperature conditions, the gas-phase kinetic theory needs to be re-evaluated due to the real-

fluid effects, including the non-plastic collision effect and the multiple collision effect, and the properties of 

substance, transports, and molecules might be different due to the failure of Boltzmann assumption. As a result, 

reaction rates, even for some well calculated or measured reactions like CO + OH = CO2 + H, H + O2 + M = HO2 

+ M, and H + O2 = OH + O, might have a significant discrepancy between supercritical and gas-phase conditions. 

As such, kinetic experiments and theoretical calculations at ultra-high pressures (above 100 atm) are necessary for 

understanding supercritical combustion chemistry.  

Shao et al. [5] measured ignition delay times of methane and hydrogen highly diluted in carbon dioxide at 300 

atm and studied the effect of supercritical CO2 on the fuel ignition.  Kogekar et al [6] studied the impact of non-

ideal behavior on ignition delay time of n-dodecane in high-pressure shock tube. Liang et al. [3] evaluated the 

effects of properties of thermodynamics and transports on hydrogen and methane flame speed measurements at 

supercritical conditions, and it was found that the laminar flame speeds at high pressures increase due to the non-

ideal equation of state. Hashemi et al. [7-9] used a high-pressure laminar flow reactor to study the supercritical 

oxidation chemistries of methane, ethane, and propane at 100 atm and built high pressure models. Fernandes et al. 

[10] used a high-pressure flow reactor to perform elementary reaction rate measurements up to 1000 bar. 

Unfortunately, only a few research apparatuses in the field of combustion such as the shock tube [5, 6] and high 

pressure laminar flow reactor [7-9, 10] can be used to study supercritical reaction chemistry. The shock tube has 

challenges in flow residence time (10-20 ms) and is mainly used for high temperature ignition study with a small 

scale of speciation. As to the laminar flow reactor [7-9], at first, the residence time is very long (above 10 seconds) so 

that the fuel concentration has to be very low to slow down the reactivity. Therefore, this laminar reactor did not show 

any NTC effect even for propane oxidation at 100 atm. Second, the temperature in the laminar flow reactor is not 

uniform (3 sections with 300 K deviation), therefore, neither the temperature nor the reactor flow residence time is 

well-defined. Due to these problems, a new research apparatus for supercritical kinetics study is highly necessary. 
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The jet-stirred reactor (JSR) has been widely used as a chemical reactor for the development and validation of 

detailed chemical mechanisms of fuels [11-13]. A toroidal reactor was proposed by Nenniger [14], in which 

multiple jets were distributed on the outside sidewall of the JSR. An outward cross-injector (OCI) JSR was 

developed by Dagaut [15], which is widely used in the last 30 years. However, there exists large non-uniformities 

in terms of temperature, flow velocity, and residence time distributions inside these two types of JSRs, thereby 

limiting their utility as ideal JSRs [16]. This paper presents a novel supercritical-pressure jet stirred reactor (SP-

JSR), which shows the following unique properties. (1) The first JSR which can operate between 10-200 atm and 

300-1200 K to study supercritical CO2 and water effects. (2) A well-defined flow residence time between 0.1-1 second 

(more engine relevant conditions) and a uniform temperature distribution within 5 K deviation. (3) The first flow 

system capturing the NTC behavior clearly at 100 atm. (4) It provides complimentary and cross-validation data for 

other experiments. The geometrical design of the SP-JSR has been published in artical [17], which is available 

among the supplementary materials. 

In addition, n-butane, as a major component of liquefied petroleum gas and simple alkane with rich low 

temperature chemistry [18-20], has been extensive investigated in shock tubes [20-23], spherical flames [24-26], 

flow reactor [27], JSR [28-30], and rapid compression machines (RCM) [31, 32]. However, the performances of 

recently developed models of Healy [20], Li et al. [26], and Bahrini et al. [30] are distinctly different, especially at 

low temperatures. Moreover, the speciation experiments in flow reactor and JSR in literatures were only 

conducted at pressures lower than 10 atm, while higher pressure experimental data are needed close to engine 

conditions.  

To study the oxidation chemistry of n-butane at supercritical conditions and extend the available data toward 

engine conditions, this paper presents the experimental and modeling results of n-butane oxidation with and 

without 20% CO2 additions at pressures of 10 and 100 atm and temperature of 500-900 K by using the novel SP-

JSR. The mole fractions of n-C4H10, O2, CO, CO2, CH2O, C2H4, CH3CHO, C3H6, and C4H8 are quantified by using 

a micro-gas chromatograph (µ-GC). Moreover, the effect of supercritical CO2 on the oxidation is also investigated 

by adding 20% CO2 to the reactant mixture at 100 atm. Then, the high-pressure, low and high temperature 
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chemistry of n-butane is analyzed and a chemical kinetic model of n-butane is evaluated and updated with 

identification of key reactions. 

 

2.  Experimental methods and kinetic models 

2.1. Geometry of the SP-JSR 

As is shown in Figure 1 [17], the SP-JSR is a sphere with an internal volume of 0.5 cm3. Compared to the 

OCI JSR design in [15], the novelty of the SP-JSR is its 8 nozzles with 0.2 mm inner diameter on 4 jet fingers at 

the center of the sphere, which generate intense turbulence and homogenous mixing. The eight nozzles are placed 

in such a way that net vertex is avoided and residence time of the flow is closer to the corresponding theoretical 

value than previous 4 jet designs. This ensures homogeneity in concentration and residence time distributions 

inside the reactor. The SP-JSR design also passes the four criteria of JSR design [11]. The schematic of the SP-

JSR jet geometry is shown in Figure S1 (a) and more details are available in the supplementary document.  

Furthermore, numerical simulations using ANSYS 14.0-CFX are conducted for comparing the performance of the 

SP-JSR and traditional OCI JSR [15]. The velocity distributions, the spatial cuts through the velocity field, and 

the mean flow residence time calculations for the SP-JSR and the OCI JSR are plotted in Figure S1 (b)-(d), 

respectively, at 800 K and 10 atm with fixed jet velocity of 40 m/s in a CH4/air mixture. It can be seen 

that in the OCI JSR, net turbulence vertex is formed in the flow field, resulting in non-uniformity in velocity, 

temperature, and species. However, in the present SP-JSR, there is no observation of significant vertex, and a 

better homogeneity with smaller deviations of the mean flow residence time is achieved in the SP-JSR than the 

previous one.  

 

Fig. 1. The quartz supercritical-pressure jet stirred reactor [17] 

 

https://dx.doi.org/10.1016/j.proci.2020.08.047 



2.2. Experimental setup and validation 

The quartz reactor is placed inside a stainless-steel pressure-resistant jacket. By means of pressure balancing 

inside and outside the reactor, the high pressure working condition is possible. The gases issuing from the JSR 

exit are sampled by a quartz sonic nozzle, and then equilibrate their pressure with vacuum generated by a dry 

pump. The experimental system was designed for experiments over 1-200 atm and 298 – 1050 K temperature 

range. The schematic of the setup is shown in Figure 2, and the detailed description is in the supplementary 

document. The gas flow rates were controlled by high-pressure mass flow controllers (Brooks, SLA5800) and gas 

samples were quantified by using a micro gas chromatograph (µ-GC) [33, 34].The axial temperature profiles 

under the experimental flow conditions were measured in 1 mm steps along the JSR bulb, where the temperature 

variation is within ± 3 K between 400-1000 K. The temperature profile is plotted in Figure S2 in the 

supplementary document.  

 

Fig. 2. Schematic of the SP-JSR setup 

 

Propane is the simplest alkane showing low temperature chemistry. Healy et al. [35] studied propane low and 

high temperature chemistry at elevated pressures in shock tube and RCM in 2008, and the model of propane 

oxidation has been updated and validated in AramcoMech 3.0 framework [36]. We performed the propane 

oxidation at 10 atm in the SP-JSR and used the propane model in the well-developed AramcoMech framework to 

validate the experimental measurements made by the SP-JSR. The experimental and modeling results of propane 

oxidation at 10 atm are plotted in Figure S3 (a) in the supplementary document. The model prediction and 
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experimental data agree with each other very well. It is noted that NTC behavior is not observed in the 

propane oxidation at 10 atm in this experiment. DME is another simple molecule, which shows a stronger low 

temperature chemistry than propane. Therefore, we further performed the experiment of DME oxidation at 10 

atm in the SP-JSR and the Chemkin simulation by using the HP DME model [37] to specify the NTC 

behavior for the SP-JSR validation (Figure S3 (b)). It shows that the NTC behavior of DME at 10 atm is well 

captured by the SP-JSR. 

The experiments were performed between 500-900 K at pressures of 10 and 100 atm with and without 20% 

CO2 additions in the three cases in Table 1. The inlet volume flow rate was fixed at 0.6 and 6 L/min at 1 atm and 

293K for case 1 and cases 2 and 3, respectively; as such, the residence time in the reactor varies with temperature 

(Table 1). 

Table 1. Experimental conditions. 

Case 

Equivalence 

ratio 

Pressure 

(atm) 

n-C4H10 

(%) 

O2 

(%) 

N2 

(%) 

CO2 

(%) 

Residence 

time (s) 

Temperature (K) 

1 0.1 10 0.2 13 86.8 0 0.234-0.13 500-900 

2 0.1 100 0.2 13 86.8 0 0.234-0.13 500-1000 

3 0.1 100 0.2 13 66.8 20 0.234-0.13 500-1000 

 

2.3. Modeling details 

Kinetic models of Healy [20], Li et al. [26], and Bahrini et al. [30] have been used in the present study. 

We use Healy's model [20] as the base model in the main content. The model simulations by using the other 

two mechanisms are added in the supplementary document in Figure S4 as a reference. Reaction rates of n-

C4H10 + HO2, C2H5 + HO2, C4H8OOH + O2, CH3CO+ O2, and H2O2 (+ M) in Healy's model are updated 

within their rate uncertainties in this study, and are listed in Table S2 in the supplementary document.  

3. Results and discussion 

Figure 3 depicts the mole fraction of n-C4H10 against temperature with and without 20% CO2 additions at 

10 and 100 atm. Experimental data shows a typical low temperature window from 600 K to 780 K and a clear 

negative temperature coefficient (NTC) behavior at 10 atm without CO2 addition (case 1), while a weak NTC 
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behavior is observed and the intermediate temperature oxidation is shifted to lower temperatures at 100 atm with 

(case 3) and without (case 2) CO2 additions. The onset temperature of low temperature oxidation changes 

insignificantly with pressure.  From the experimental data in cases 2 and 3, it is seen that supercritical CO2 has 

limited effect on the low temperature oxidation of n-butane, while slows down the intermediate temperature 

oxidation. This observation agrees with previous literature [38-40]. n-Butane is completely consumed at around 

800 K without CO2 addition, and it is delayed to 850 K with 20% CO2 addition. Healy's model predicts the onset 

of the low temperature oxidation of n-butane well for all three cases. However, it under-predicts the NTC 

behavior and the intermediate temperature oxidation, and the discrepancy becomes larger at a higher pressure. 

Furthermore, the model simulation shows little difference between the experiments with and without 20% CO2 

additions at 100 atm. It implies that Healy's model is not sensitive to the effect of CO2 addition on the n-butane 

oxidation. The updated model will be discussed later.   
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Fig. 3. Temperature evolution of the fuel mole fraction, n-C4H10, from 500 to 900 K with and without CO2 

additions, at 10 and 100 atm, and by using Healy's and the updated models, respectively. 
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Fig. 4. Reaction pathways for n-butane without CO2 addition at 100 atm (a) and 10 atm (b) at 740 K by using 

Healy's model. The thickness of arrows here represents the relative importance of different reaction pathways 

based on the rate of species production. 

 

To explain the effect of pressure on the n-butane oxidation, a pathway analysis of n-butane is performed at 

100 and 10 atm at 740 K for case 2 in Figure 4 (a) and (b), respectively. The schematics of reaction pathways at 

lower and higher temperatures and with 20% CO2 addition are similar to those in Figure 4 and are not plotted here. 

In Figure 4 (a), the two important radicals of s-C4H9 and p-C4H9, noted as R, are formed from H abstraction 

reactions of n-butane by OH and HO2 radicals and further produces RO2 (C4H9O2) through the first O2 addition. It 

is well-known that the reaction pathways shown in black of Figure 4 dominate the low temperature chemistry of 

alkanes at lower pressures, and the QOOH (C4H8OOH) competing reactions of QOOH + O2 = O2QOOH (R1) and 

QOOH = QO + OH (R2) control the NTC behavior. The reaction of RO2 = QOOH (R3) is the main reaction to 

form QOOH. However, at higher pressures up to 100 atm, R1 becomes much more important than R2 due to the 

intense collision between QOOH and O2 and fast relaxation of excited O2QOOH. As a result, R1 dominates the n-

butane oxidation at a broader temperature range and the NTC behavior is reduced at 100 atm. On the other hand, 

the reaction of RO2 = HO2 + C4H8 (R4), which is the main reaction channel at intermediate temperature (800-1000 

K), appears in the NTC region. It indicates that the intermediate temperature chemistry is shifted to the NTC 

region at 100 atm, and the boundary between low and intermediate temperature chemistries becomes indistinct. 

Moreover, due to the larger pool of HO2 and H2O2 at 100 atm, RO2 + H2O2 = RO2H + HO2 (R5) appears in the 

RO2 pathways. At 10 atm in Figure 4 (b), reaction channel R4 is not important at 740 K and R5 does not show up, 

which agrees with the discussion above. In summary, a weak NTC behavior is observed at 100 atm. Both the low 

and intermediate temperature chemistries are controlled by RO2 reaction pathways through R3-R5. This also 

explains why the reaction pathways at lower and higher temperatures at 100 atm are similar.  

Furthermore, to investigate the discrepancy between experiment and model simulation in the NTC and 

intermediate temperature region, the sensitivity analyses of n-butane without CO2 addition at a pressure of 100 

atm and temperatures of 740 and 800 K are plotted in Figure 5 (a) and (b), respectively.  It is seen in Figure 5 (a) 

and (b) that n-butane oxidation is largely controlled by H-abstraction from n-butane by OH, RO2 competing 
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reactions by R3 and R4, and CH2O/HCO chemistry. Moreover, reactions in the H2O2/HO2 chemistry, which are 

generally important in the intermediate temperature region [37], are also sensitive at 740 K in the NTC region. 

Therefore, it confirms the statement in the pathway analysis that the intermediate temperature chemistry is shifted 

to lower temperature in the NTC region at 100 atm. In addition, comparing the sensitivity analyses of n-butane at 

100 atm in Figure 5 (a) and the at 10 atm in Figure S5 at 740 K, it is seen that R4 at 100 atm is more important 

than that at 10 atm, which is corresponding with the statement in the pathway analysis above. Moreover, it is 

interesting to note that the competing reactions of CH3CO (+ M) and CH3CO + O2 show up at 100 atm, while are 

not important at 10 atm. Theoretical calculations and measurements for these reaction rates need to be emphasized 

for the high pressure chemistry model development. 

C4H10+OH<=>SC4H9+H2O

C4H10+OH<=>PC4H9+H2O 

H2O2(+M)<=>OH+OH(+M)

SC4H9O2<=>C4H8OOH2-3

CH3CO3<=>CH3CO+O2

SC4H9O2<=>C4H8OOH2-4

PC4H9O2<=>C4H8OOH1-3

CH2O+HO2<=>HCO+H2O2

CH3CHO+HO2<=>CH3CO+H2O2

O2CHO<=>HCO+O2

CH3O2H<=>CH3O+OH

HCO+O2<=>CO+HO2

CH3CHO+OH<=>CH3+HOCHO

HOCH2O<=>CH2O+OH

SC4H9O2<=>C4H8-2+HO2

CH3CO(+M)<=>CH3+CO(+M)

H2O2+O2<=>HO2+HO2

SC4H9O2<=>C4H8-1+HO2

CH2O+OH<=>HCO+H2O

H2O2+OH<=>H2O+HO2

-0.4 -0.2 0.0 0.2(a) Sensitivity at 740 K

H2O2(+M)<=>OH+OH(+M)

C4H10+OH<=>SC4H9+H2O

C4H10+OH<=>PC4H9+H2O

CH2O+HO2<=>HCO+H2O2

SC4H9O2<=>C4H8OOH2-3

PC4H9O2<=>C4H8OOH1-3

CH3CHO+HO2<=>CH3CO+H2O2

SC4H9O2<=>C4H8OOH2-4

O2CHO<=>HCO+O2

CH3CO3<=>CH3CO+O2

HO2+OH<=>H2O+O2

HOCH2O<=>CH2O+OH

HCO+O2<=>CO+HO2

CH3CO(+M)<=>CH3+CO(+M)

PC4H9O2<=>C4H8-1+HO2

SC4H9O2<=>C4H8-2+HO2

SC4H9O2<=>C4H8-1+HO2

H2O2+O2<=>HO2+HO2

CH2O+OH<=>HCO+H2O

H2O2+OH<=>H2O+HO2

-0.6 -0.4 -0.2 0.0 0.2 0.4(b) Sensitivity at 800 K
 

Fig. 5. Sensitivity analyses for n-butane without CO2 addition at 740 (a) and 800 K (b) and at 100 atm by using 

Healy's model. 

 

Based on the pathway and sensitivity analyses and the present high pressure experimental data, Healy's model 

is updated with modifying reaction rates of R1, CH3CO + O2, and H2O2 (+ M) within uncertainties of calculations 

or measurements. It is seen in Figure 3 that the updated model has a better prediction of the experimental data, 

especially in the NTC and intermediate temperature region. However, the model still slightly under-predicts the n-

butane oxidation and cannot capture the effect of supercritical CO2 on the oxidation. The sensitivity analysis of 

CO2 for case 3 at 800 K, which is depicted in Figure S6 in the supplementary document, shows that reactions of 

CO + OH = CO2 + H, H2O2 (+ M) = 2OH (+ M), CH2O + OH = HCO + H2O, and CH3CO (+ M) = CH3 + CO (+ 

M) are the most sensitive reactions. There are mainly three influences of CO2 addition on the n-butane oxidation. 

(1) CO2 enhances the third body collision efficiencies in comparison to N2. We have perturbed the collision 
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efficiency of CO2 in the four main third body reactions, H2O2 (+ M) = 2OH (+ M), CH3CO (+ M) = CH3 + CO (+ 

M), HCO (+ M) = H + CO (+ M), and H + O2 (+ M) = HO2 (+ M), by factor of two, however, the simulation still 

shows little difference between case 2 and 3. It implies that the influence of CO2 collision efficiency might be 

negligible or there are missing important third body reactions at supercritical conditions. This observation 

corresponds with those in [38, 39]. (2) CO2 participates in chemical reactions in the oxidation process, like CO + 

OH = CO2 + H and CO + HO2 = CO2 + OH. The former is the key exothermal reaction in the oxidation, and Joshi 

et al [41] modeled its pressure dependence through the reactions of CO + OH (+ M) = HOCO (+ M) and HOCO = 

CO2 + H at high pressures. It is interesting to note that the reaction of CO + OH = CO2 + H does not reach the 

high pressure limit at 100 atm according to Joshi’s calculation. The latter becomes important due to the large 

production of HO2 at high pressures and low and intermediate temperatures. Future work on the theoretical 

calculations and evaluations of these two reactions at supercritical conditions is needed for analyzing the effect of 

supercritical CO2 on the fuel oxidation. (3) CO2 has a higher heat capacity than N2, and its thermal and transport 

properties are different at supercritical conditions [42]. Therefore, a model simulation considering the 

supercritical thermal and transport properties of reactants and products is required to analyze the CO2 effect on the 

high pressure oxidation in the future work. 

The mole fractions of other important products and intermediates, such as O2, CO, CO2, C2H4, CH2O, and 

CH3CHO, are plotted in Figure 6 (a)-(f), respectively. It is seen that the updated model improves the predictability 

for all the key species in Figure 6 compared to the original model. It is clearly seen in Figure 6 (a)-(f) that the 

NTC behavior is suppressed at 100 atm and the low and intermediate temperature chemistry “merge” together, 

which corresponds with the pathway analysis in Figure 4. Furthermore, the low and intermediate temperature 

peaks of C2H4, CH2O, and CH3CHO even merge to a single peak in Figure 6 (d)-(e), respectively. The 

deceleration effect of CO2 addition at 100 atm is also observed in the mole fraction profiles of CO, CH2O, and 

CH3CHO in Figure 6 (b), (e), and (f), respectively. It implies that reactions involved in CO, (like CO + OH = CO2 

+ H and CO + HO2 = CO2 + OH), CH2O (like CH2O + OH = HCO + H2O), and CH3CHO (like CH3CHO + OH = 

CH3CO + H2O and CH3CO (+ M) = CH3 + CO (+ M)) may explain the deceleration effect of supercritical CO2 

addition. It should be noted that the discrepancy between experiment and model simulation for CO production is 

still large at around 850 K.  Therefore, the reactions of CO2 + H = CO + OH and CO2 + OH = CO + HO2 need 
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careful evaluations at supercritical conditions. The supercritical CO2 effect on oxidation is complicated and is still 

not clear in literature. It requires future work on theoretical calculations on reaction rates at supercritical conditions, 

such as CO2 + H/OH, and on the third-body collision factors of CO2. 
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Fig. 6. Temperature evolutions of the mole fraction of O2 (a), CO (b), CO2 (c), C2H4 (d), CH2O (e), and CH3CHO 

(f) from 500 to 900 K with and without CO2 additions, at 10 and 100 atm, and by using Healy's and the updated 

models, respectively. 

4. Comparison with literature data 
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Fig. 7. (a) Ignition delay time of n-butane/air mixture with different equivalence ratios at 20 atm and (b) laminar 

burning velocity of n-butane/air mixture with different equivalence ratios at 1-10 atm in literature experiments 

and model simulations by using the updated model in this paper. Lines are model simulations. The ignition delay 

time data in (a) are from [20], while the flame speed data in (b) are from [26]. 
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The updated n-butane model is also validated against the ignition delay time data at 20 atm from [20] in 

Figure 7 (a) and flame speed data at 1-10 atm from [26]. It is seen that the updated model predicts both the 

ignition delay time and the laminar flame speed well at different equivalence ratios and pressures.  

 

5. Conclusion 

This paper presents a novel supercritical-pressure jet stirred reactor (SP-JSR), which can operate up to 200 

atm. The SP-JSR provides an unprecedented platform to conduct kinetic studies at low and intermediate 

temperatures at extreme pressures under uniform temperature distribution and a short flow residence time around 

0.1s.  

The SP-JSR was used to study the n-butane oxidation with different levels of CO2 additions at pressures of 10 

and 100 atm and temperaturebetween500-900 K. The experiments show that a weak NTC behavior is observed at 

100 atm and that the intermediate temperature oxidation is shifted to lower temperatures. Moreover, supercritical 

CO2 decelerates the intermediate temperature oxidation. Healy's model under-predicts the NTC behavior and 

shows little sensitivity of the effect of CO2 addition on the n-butane oxidation. 

Pathway and sensitive analyses exhibit that both the low and intermediate temperature chemistries are 

controlled by RO2 reaction pathways through the reactions of RO2 = QOOH (R3), RO2 = HO2 + C4H8 (R4), and 

RO2 + H2O2 = RO2H + HO2 (R5), in which R5 appears due to the high level of HO2/H2O2 content at high pressures. 

In addition, the competing reactions of CH3CO (+ M) and CH3CO + O2 are important at 100 atm, while are not 

sensitive at lower pressures. Kinetic sensitivity analysis did not show the influence of the CO2 third body effect at 

100 atm. The effect of supercritical CO2 addition on the oxidation may come from the reactions involving H2O2, 

CO, CH2O, and CH3CHO, especially,  the reactions of CO2 + H = CO + OH and CO2 + OH = CO + HO2 need 

careful reevaluations at supercritical conditions. A kinetic model is updated and it improves the predictability of 

major products and intermediates. 
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