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Three Branches Controlling LTO Initiation and Termination No.3
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H2O2 Loop Chemistry
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1. What is the final phase of ignition process of highly diluted
mixtures like? Is it similar to the thermal ignition phase?
How is CO oxidized into CO2 at low temperatures?

2. Experimental data often show the two-stage main heat release 
in lean conditions.
Why the two-stage heat release takes place?
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No.6What is KUCRS?

The pressure dependent rate constants of
the O2 addition to R and R’OOH, and
the thermal decomposition of OR’’OOH
have been introduced.

R+O2(+M)=ROO(+M)
R’OOH+O2(+M)=O2R’OOH(+M)
OR’’OOH(+M)=OR’’O(+M) 0.8 1.21 1.4

1000 / T0 (1/K)
0.9 1.1 1.3

Ig
ni

tio
n 

D
el

ay
   

(s
)

10-1

10-5

10-3

10-2

10-4

1.5

n-C7H16 (Computation)
iso-C8H18 (Computation)
n-C7H16 (Experiment)
iso-C8H18 (Experiment)

φ = 1, p0 = 4 MPaφ = 1, p0 = 4 MPa

0.8 1.21 1.4
1000 / T0 (1/K)

0.9 1.1 1.3

Ig
ni

tio
n 

D
el

ay
   

(s
)

10-1

10-5

10-3

10-2

10-4

1.5

n-C7H16 (Computation)
iso-C8H18 (Computation)
n-C7H16 (Experiment)
iso-C8H18 (Experiment)

0.8 1.21 1.4
1000 / T0 (1/K)

0.9 1.1 1.3

Ig
ni

tio
n 

D
el

ay
   

(s
)

10-1

10-5

10-3

10-2

10-4

1.5

n-C7H16 (Computation)
iso-C8H18 (Computation)
n-C7H16 (Experiment)
iso-C8H18 (Experiment)

n-C7H16 (Computation)
iso-C8H18 (Computation)
n-C7H16 (Experiment)
iso-C8H18 (Experiment)

φ = 1, p0 = 4 MPaφ = 1, p0 = 4 MPa



Computational Conditions

Kinetics Scheme Detailed n-C7H16 Model
Generated by KUCRS

Solver CHEMKIN-PRO

Reactor
0 Dimensional
Adiabatic Closed
Constant-Volume

Mixtures n-C7H16, O2 and N2

Base Values of
Initial Concentrations

n-C7H16: 3.04 mol/m3

O2: 66.8 mol/m3

N2: 251 mol/m3

Equivalent to Those in
n-C7H16/Air Mixture at
φ: 0.5, T0: 759 K and
p0: 2.027 MPa

Initial Temperature T0 669, 759, 849, 1029 K
Initial Fuel Changed by 1/1, 1/2, 1/4
Initial N2 Changed by 1/1, 2/1, 4/1

No.7
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1. Effect of Dilution on Ignition Process

2. Two-Stage Main Heat Release of Highly-Diluted Mixtures

3. CO Chemistry of Highly-Diluted Mixtures

4. Ignition Process with High Initial Temperature

5. How to Activate Slow Ignition Process



No.9Histories of Temperature and Overall Heat Release Rate

Time (ms)
0

2200
1800
1400
1000

600

1600
1400
1200

800
600

1000

1200

1000

800

600

2300
1900
1500
1100
700

1700
1500
1300

900
700

1100

1300

1100

900

700

0 04 8 12 8 16 24 60 120 180

0 1 2 3 0 4 8 12 0 20 40 60

0

300

600

0

4

8

0

0.3

0.6

0

400

800

0

4

8

0

0.7

1.4

Time (ms) Time (ms)

Time (ms) Time (ms) Time (ms)

Temperature (K)

Temperature (K)

T0: 669 K

T0: 759 K

N2: 2/1
Fuel: 1/2

N2: 2/1
Fuel: 1/2

N2: 4/1
Fuel: 1/4

N2: 4/1
Fuel: 1/4

x5

x5

HRR (kJ/(cm3·s))

HRR (kJ/(cm3·s))

0.9

2.1
Base Values

Base Values

T0: 669 K

T0: 759 K

T0: 669 K

T0: 759 K



No.10Histories of Temperature and Overall Heat Release Rate
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No.11Histories of Temperature and Overall Heat Release Rate
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Heat Release Rates and Reaction Rates with T0: 759 K No.14
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Fuel, CH2O and H2O2 Concentrations with T0: 759 K No.15
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Heat Release Rates and Reaction Rates with T0: 759 K No.18
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Fuel, CH2O and H2O2 Concentrations with T0: 1029 K No.22
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Fuel, CH2O and H2O2 Concentrations with T0: 759 K No.23
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Contribution Ratios to H2O2 Formation and Removal No.24
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Contribution Ratios to HO2 Removal No.25
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1. When a mixture is highly diluted, an ignition process with LTO
indicates two peaks of the heat release in the thermal ignition
preparation phase.
The mechanism of the two-stage heat release is;

2. When the fuel is consumed in the early stage of the thermal
ignition preparation phase, n-C7H16+HO2=C7H15+H2O2 is
reduced, and H2O2+OH=HO2+H2O and HO2+OH=O2+H2O are
enhanced.
Which decreases the efficiency of the H2O2 regeneration loop,
and H2O2 is consumed in the middle stage of the thermal
ignition preparation phase.

3. In the ignition process of highly-diluted mixtures, the rate of
H+O2=OH+O cannot overtake the rate of H+O2+M=HO2+M.
CO+OH=CO2+H proceeds slowly with H+O2+M=HO2+M,
not with the branching chain reaction, in the final stage of
the ignition process.

Summaries
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T0: 759 K, Fuel: 1/2
Temperature Increase by 100 K

Activation by Temperature Increase in Ignition Process
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Heat Release Rates and Reaction Rates with T0: 759 K No.29
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Heat Release Rates and Reaction Rates with T0: 759 K No.30
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T0: 759 K, Fuel: 2/1
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No.31Activation by OH and H Addition in Ignition Process
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Heat Release Rates and Reaction Rates with T0: 759 K No.32
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T0: 759 K, Fuel: 2/1
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Heat Release Rates and Reaction Rates with T0: 759 K No.33
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T0: 759 K, Fuel: 2/1
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