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1 IGNITION DELAY TIMES IN SHOCK TUBES

Ignition delay from shock tube, Thi et al. 2011
H,: 28100 ppm, CO: 11900 ppm, O,: 20000 ppm in Ar
dp/dt = constant

¢ dOH(A)dt MAXintersect, 2.0 bar
—2.04 ¢ dOH(A)dt MAXintersect, 10.0 bar e
¢ dOH(A)dt MAXintersect, 20.0 bar , -3

—-2.51

—-3.01

—-3.51

19(tign / 5)

—-4.0 1

¢ exp.
o g + sim., Po,sim = Ps, exp
- — sim., po,sim = constant

—4.5 4

—-5.01

0.75 0.80 0.85 090 0.95 1.00 1.05 1.10 1.15
1000 771 /K1

Figure 1.1: Ignition delay times from shock tube by Thi, Zhang, and Huang [1] and corre-
sponding simulation; fuel: Hy/CO = 70/30, ¢ = 1.0

Ignition delay from shock tube, Herzler et al. 2010
H,: 29277 ppm, CO: 30181 ppm, O3: 29594 ppm in Ar
p(t) = constant

¢ OH(A) MAX, 1.0 bar Y
¢ OH(A) MAX, 4.0 bar /
“17 4  OH(A) MAX, 16.0 bar ’
_2 -
n
T34
=)
_4 -
-5 S ——
sim., Po, sim = Ps, exp
—— sim., po,sim = constant
_6 .
0.5 0.6 0.7 0.8 0.9 1.0 1.1
1000 T-1 /K1

Figure 1.2: Ignition delay times from shock tube by Herzler, Naumann, and Griebel [2] and
corresponding simulation; fuel: Hy/CO = 50/50, ¢ = 1.0
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Ignition delay from shock tube, Thi et al. 2011
H,: 13300 ppm, CO: 26700 ppm, O,: 20000 ppm in Ar
dp/dt = constant

¢ dOH(A)dt MAXintersect, 2.0 bar
—2.0- ¢ dOH(A)dt MAXintersect, 10.0 bar
¢ dOH(A)dt MAXintersect, 20.0 bar P

—-2.51

—-3.01

—-3.51

Ig(tign /s)

—4.0 4

¢ exp.
+ sim., Po,sim = Ps, exp
— sim., po,sim = constant

—-4.5 1

—-5.04

0.75 080 0.85 090 0.95 1.00 1.05 1.10 1.15
1000 771 /K1

Figure 1.3: Ignition delay times from shock tube by Thi, Zhang, and Huang [1] and corre-
sponding simulation; fuel: Hy/CO = 33/67, ¢ = 1.0

Ignition delay from shock tube, Kalitan et al. 2007
H,: 35000 ppm, CO: 140000 ppm, O,: 174000 ppm in Ar
p(t) = constant

¢ dOH(A)dt MAXintersect, 1.0 bar
_14 ¢ dOH(A)dt MAXintersect, 2.5 bar
¢ dOH(A)dt MAXintersect, 15.0 bar

Ig9(tign / S)
&

<

. Sim., Po,sim = Ps, exp
D —— sim., pg,sim = constant

0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10
1000 T- /K1

Figure 1.4: Ignition delay times from shock tube by Kalitan et al. [3] and corresponding
simulation; fuel: Hy/CO = 20/80, ¢ = 0.5
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1 IGNITION DELAY TIMES IN SHOCK TUBES

Ignition delay from shock tube, Kalitan et al. 2007
H,: 17000 ppm, CO: 156000 ppm, O,: 175000 ppm in Ar
p(t) = constant

—11 ¢ dOH(A)dt MAXintersect, 1.0 bar L
¢ dOH(A)dt MAXintersect, 2.5 bar
¢ dOH(A)dt MAXintersect, 15.0 bar
_2 -
w
~ _3 -
5 -
=
o
—4 4
_5 ] + Sim-.po,sim=p5,exp
— sim., Po,sim = constant
0.75 0.80 0.85 0.90 0.95 1.00 1.05
1000 71 /K?

Figure 1.5: Ignition delay times from shock tube by Kalitan et al. [3] and corresponding
simulation; fuel: Hy/CO = 10/90, ¢ = 0.5

Ignition delay from shock tube, Kalitan et al. 2007
H,: 9000 ppm, CO: 165000 ppm, O,: 175000 ppm in Ar
p(t) = constant

—1.04 ¢ dOH(A)dt MAXintersect, 1.0 bar ”
¢ dOH(A)dt MAXintersect, 2.0 bar .
—-1.54 ¢ dOH(A)dt MAXintersect, 15.0 bar
_20 .
— —2.51
7]
£ -3.01 o3 = o
£ . M
_35 .
—4.0
—4.51 o . +  sim., Po,sim = Ps, exp
504 —— sim., po,sim = constant
0.75 0.80 0.85 0.90 0.95 1.00 1.05
1000 771 /K™t

Figure 1.6: Ignition delay times from shock tube by Kalitan et al. [3] and corresponding
simulation; fuel: Hy/CO = 5/95, ¢ = 0.5
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Ignition delay from shock tube, Herzler et al. 2010
H,: 2934 ppm, CO: 56324 ppm, O5: 29814 ppm in Ar

p(t) = constant
¢ OH(A) MAX, 1.0 bar A
¢ OH(A) MAX, 4.0 bar
—-14 ¢ OH(A) MAX, 16.0 bar
_2 .
_3 .
-44 A
_.,-/'""f’v sim., Po, sim = Ps, exp
=51 —— sim., Po,sim = constant
0.4 0.5 0.6 0.7 0.8 0.9 1.0

1000 771 /K1

Figure 1.7: Ignition delay times from shock tube by Herzler, Naumann, and Griebel [2] and
corresponding simulation; fuel: Hy/CO = 5/95, ¢ = 1.0

19(tign / S)

Ignition delay from shock tube, Thi et al. 2011
H,: 5600 ppm, CO: 15400 ppm, N5: 28500 ppm,
0,: 10500 ppm in Ar

dp/dt = constant

_15 .

—-2.01

—-2.51

—-3.01

¢ dOH(A)dt MAXintersect, 2.0 bar s
¢ dOH(A)dt MAXintersect, 10.0 bar i
¢ dOH(A)dt MAXintersect, 20.0 bar -

—-3.51 P

—4.0 1

4 ¢ exp.
.... +  sim., Po,sim = Ps, exp

-4549 == — sim., po,sim = constant

0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15
1000 771 /K™

Figure 1.8: Ignition delay times from shock tube by Thi, Zhang, and Huang [1] and corre-

sponding simulation; fuel: Hy/CO = 27/73, ¢ = 1.0, with Ny in diluent
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1 IGNITION DELAY TIMES IN SHOCK TUBES

Ignition delay from shock tube, Thi et al. 2011

H,: 15400 ppm, CO: 15700 ppm, CO>: 13400 ppm,
0,: 15500 ppm in Ar

dp/dt = constant

¢ dOH(A)dt MAXintersect, 2.0 bar = ___ e
=27 ¢ dOH(A)dt MAXintersect, 10.0 bar ____zsssis e
¢ dOH(A)dt MAXintersect, 20.0 bar #5532*"
34 T g
R
g 7
= |
_5 -
4 exp.
+ sim., Po,sim = P5, exp
—6 - + —— sim., po,sim = constant

0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15
1000 T /K1

Figure 1.9: Ignition delay times from shock tube by Thi, Zhang, and Huang [1] and corre-
sponding simulation; fuel: Hy/CO = 50/50, ¢ = 1.0, with COs in diluent

Ignition delay from shock tube, Herzler, Naumann 2013
CH3OH: 24560 ppm, O,: 36840 ppm in Ar
p(t) = constant

-11 ¢ OH(A) MAX, 1.0 bar e
¢ OH(A) MAX, 4.0 bar e
¢ OH(A) MAX, 16.0 bar L
—2 o 2
S R S i
g | _mEE e
_ad s Y 2R
=51 +  sim., Po,sim = Ps, exp
—— sim., Po,sim = constant

0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95
1000 771 /K1

Figure 1.10: Ignition delay times from shock tube by Herzler and Naumann [4] and corre-
sponding simulation; fuel: CH30H, ¢ = 1.0
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Ignition delay from shock tube, Petersen et al. 2007
CHy: 5.25%, 03: 20.98% in N,
p(t) = constant

¢ dCH(A)dt MAXintersect, 0.7 atm e
=251 4 dCH(A)dt MAXintersect, 8.0 atm -

—-3.01

—3.51

Ig(tign / S)

—-4.0 1

_45 .

+  sim., Po,sim = Ps, exp
—— sim., po,sim = constant

-5.01

0.500 0.525 0.550 0.575 0.600 0.625 0.650 0.675 0.700
1000 T-1 /K1

Figure 1.11: Ignition delay times from shock tube by Petersen et al. [5] and corresponding
simulation; fuel: CHy, ¢ = 0.5

Ignition delay from shock tube, Herzler et al. 2013
CHy4: 10042 ppm, O5: 40351 ppm in Ar

for po, sim = Ps, exp- p(t) = f(TS,expr pS,exp)

for po,sim = constant: p(t) = constant

1] ¢ OH(A) MAX, 1.0 bar
- ¢ CH(A) MAX, 1.0 bar P
¢ OH(A)MAX,40bar -
5] ¢ CH(A) MAX, 4.0 bar
¢ OH(A) MAX, 16.0 bar o2 =
= ¢ CH(A)MAX, 16.0 bar == -
L e <
> | eV
4 == Y 2
5 - Sim-rpo,sim=p5,exp
., Po,sim = constant
0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80
1000 71 /K?

Figure 1.12: Ignition delay times from shock tube by Herzler et al. [6] and corresponding
simulation; fuel: CHy, ¢ = 0.5, X, = 0.95
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1 IGNITION DELAY TIMES IN SHOCK TUBES

Ignition delay from shock tube, Herzler et al. 2013
CHy4: 19146 ppm, O,: 38228 ppm in Ar

for po, sim = Ps, exp: P(E) = T(Ts, exp, Ps, exp)

for po,sim = constant: p(t) = constant

~19 4 OH(A) MAX, 4.0 bar
¢ CH(A) MAX, 4.0 bar
¢ OH(A) MAX, 16.0 bar
=291 ¢ CH(A) MAX, 16.0 bar
- ! A
< 737
>
—4 -
—5 - +  sim., Po,sim = Ps,exp
—— sim., po,sim = constant
0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80
1000 T-% /K1

Figure 1.13: Ignition delay times from shock tube by Herzler et al. [6] and corresponding
simulation; fuel: CHy, ¢ = 1.0, X, = 0.94

Ignition delay from shock tube, Zeng et al. 2015
CHy: 13.89%, 05: 13.89% in N>
p(t) = constant

¢ dCH(A)dt MAXintersect, 1.0 bar

—2.75 A

—3.00 A1

—3.25 1

—3.50 A

lg(tign / s)

—3.75 A1

—4.00 A
4 exp.

+ sim., Po,sim = Ps, exp

—4.25 A .
—— sim., po,sim = constant

0.50 0.52 0.54 0.56 0.58 0.60 0.62 0.64
1000 T /K™

Figure 1.14: Ignition delay times from shock tube by Zeng et al. [7] and corresponding sim-
ulation; fuel: CHy, ¢ = 2.0, Xy, = 0.72
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Ignition delay from shock tube, Zeng et al. 2015
CHy: 8.68%, 0,: 8.68% in N,
p(t) = constant

—-2.51

—-3.01

—-3.51

_40 .

_45 .

¢ dCH(A)dt MAXintersect, 1.0 bar

¢ exp.
+ sim., po,sim = Ps, exp
—— sim., po,sim = constant

0.450 0.475 0.500 0.525 0.550 0.575 0.600 0.625 0.650

1000 T-1 /K1

Figure 1.15: Ignition delay times from shock tube by Zeng et al. [7] and corresponding sim-
ulation; fuel: CHy, ¢ = 2.0, Xy, = 0.83

Ig(tign / S)

—2.75 A1

—3.00 A

—3.25 A

—3.50 A1

—3.75 1

—4.00 A

—4.25 A

Ignition delay from shock tube, Zeng et al. 2015
CHy: 13.89%, O5: 13.89%, CO;: 20.00% in N,
p(t) = constant

¢ dCH(A)dt MAXintersect, 1.0 bar

exp.
+ sim., Po,sim = Ps, exp
—— sim., po,sim = constant

0.50 0.52 0.54 0.56 0.58 0.60 0.62 0.64
1000 T /K™

Figure 1.16: Ignition delay times from shock tube by Zeng et al. [7] and corresponding sim-
ulation; fuel: CHy, ¢ = 2.0, Xco, = 0.20, Xy, = 0.52

23



1 IGNITION DELAY TIMES IN SHOCK TUBES

Ignition delay from shock tube, Zeng et al. 2015
CHy: 8.68%, O,: 8.68%, CO,: 50.00% in N,
p(t) = constant

¢ dCH(A)dt MAXintersect, 1.0 bar

—2.50 A

—2.75 A

—3.00 A

—3.25 1

19(tign / 5)

—3.50 1

—3.75 A

exp.
+ sim., po,sim = Ps, exp
—— sim., po,sim = constant

—4.00 A

—4.25 A

0.50 0.52 0.54 0.56 0.58 0.60 0.62 0.64
1000 T-1 /K1

Figure 1.17: Ignition delay times from shock tube by Zeng et al. [7] and corresponding sim-
ulation; fuel: CHy, ¢ = 2.0, X¢o, = 0.50, Xn, = 0.33

Ignition delay from shock tube, Koroglu et al. 2016
CHy: 7%, O3: 7%, CO3: 30% in Ar
p(t) = constant

—2.84 ¢ dCH(A)dt MAXintersect, 0.7 bar o
_30 .
_32 -

—-3.41

Ig(tign / S)

—3.6 1

—3.87 ¢ exp.

+ sim., Po,sim = Ps, exp

—4.0 A —— sim., po,sim = constant

0.50 0.52 0.54 0.56 0.58 0.60
1000 T /K™

Figure 1.18: Ignition delay times from shock tube by Koroglu et al. [8] and corresponding
simulation; fuel: CHy, ¢ = 2.0, X¢o, = 0.30, Xa, = 0.56

24



Ig(tign / S)

Figure 1.19: Ignition delay times from shock tube by Herzler
simulation; fuel: Hy/CO/CH,/COy = 5/31/38/2, ¢ = 0.5, X, = 0.93

Ig(tign / 5)

Figure 1.20: Ignition delay times from shock tube by Herzler
simulation; fuel: Hy/CO/CH4/COy = 5/31/38/2, ¢ = 0.5, Xa, = 0.98

Ignition delay from shock tube, Herzler et al. 2013
CHy: 1876 ppm, Hy: 12196 ppm, CO: 14109 ppm,
0,: 34008 ppm, CO5: 11013 ppm in Ar

for po, sim = Ps, exp- p(t) = f(TS,exp: p5,exp)

for po,sim = constant: p(t) = constant

-1.0
OH(A) MAX, 4.0 bar e
~1.5{ ¢ CH(A) MAX, 4.0 bar o
_20 -
_25 -
_30 -
—-3.51 £
_40 -
1 Po,sim = Ps, exp
—4.5 4 — sim., Po,sim = constant
0.6 0.7 0.8 0.9 1.0

—-1.04

—-1.51

—-2.01

_25 .

—3.01

—-3.51

—-4.0 1

_45 .

-5.0

1000 Tt /K?

Ignition delay from shock tube, Herzler et al. 2013
CHgy: 794 ppm, Hy: 5171 ppm, CO: 5920 ppm,

0,: 7097 ppm, CO,: 4068 ppm in Ar

for po, sim = Ps, exp: p(t) = f(TS,exp: p5,exp)

for po sim = constant: p(t) = constant

OH(A) MAX, 4.0 bar s
¢ CH(A) MAX, 4.0 bar

- Po,sim = p5,exp
— sim., po,sim = constant

0.5 0.6 0.7 0.8 0.9 1.0
1000 T /K™

et al. [6] and corresponding

et al. [6] and corresponding
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1 IGNITION DELAY TIMES IN SHOCK TUBES

Ignition delay from shock tube, Herzler

et al. 2013

CHa: 3194 ppm, H,: 20795 ppm, CO: 23806 ppm,

0,: 28540 ppm, CO5: 16359 ppm in Ar
for po, sim = Ps, exp: p(t) = f(TS,exp: p5,exp)
for po,sim = constant: p(t) = constant

OH(A) MAX, 4.0 bar

“157 4 CH(A) MAX, 4.0 bar

—2.01
—-2.51

—-3.01

Ig(tign / S)

—-3.51

—-4.0 1

+ sim., Po,sim = Ps, exp

— sim., Po,sim = constant

-4.5 T
0.85
1000 771 /K™?

0.70 0.75 0.80

0.90

0.95 1.00

Figure 1.21: Ignition delay times from shock tube by Herzler et al. [6] and corresponding
simulation; fuel: Hy/CO/CH,/COy = 5/31/38/2, ¢ = 1.0, Xa, = 0.91
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_15 .

-2.0

-2.5

-3.0

-3.5

-4.0

-45

Ignition delay from shock tube, Herzler et al. 2013
CHg4: 1589 ppm, Hj,: 10345 ppm, CO: 11842 ppm,
0,: 14197 ppm, CO,: 8138 ppm in Ar

for po, sim = Ps, exp: p(t) = f(TS,exp: p5,exp)

for po sim = constant: p(t) = constant

OH(A) MAX, 4.0 bar
¢ CH(A) MAX, 4.0 bar

sim., Po,sim = Ps, exp

— sim., po,sim = constant

0.8 0.9 1.0

1000 T/ K™?

0.6 0.7

Herzler et al. [6] and corresponding

Figure 1.22: Ignition delay times from shock tube by

simulation; fuel: Hy/CO/CH4/COy = 5/31/38/2, ¢ = 1.0, Xa, = 0.95
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Ignition delay from shock tube, Lokachari et al. 2018
C,H5: 0.0403, 0,: 0.2015 in N2
p(t) = constant

_15 .

—-2.01

—-2.51

—-3.01

—-3.51

—4.0

_45 .

—-5.01

¢ dTdt MAX, 10.0 bar

+  sim., Po,sim = Ps, exp
—— sim., po,sim = constant

0.80 0.85 0.90 0.95 1.00 1.05 1.10
1000 T-% /K1

Figure 1.23: Ignition delay times from shock tube by Lokachari et al. [9] and corresponding
simulation; fuel: CoHy, o = 0.5
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_15 .

_20 .

—-2.51

—-3.01

—3.541

—4.0

_45 .

—-5.04

Ignition delay from shock tube, Lokachari et al. 2018
C,H5: 0.077, O,: 0.194 in N2
p(t) = constant

¢ dTdt MAX, 10.0 bar
¢ dTdt MAX, 20.0 bar
¢ dTdt MAX, 30.0 bar

exp.
+ sim., po,sim = Ps, exp
—— sim., po,sim = constant

0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25
1000 T-1 /K™

Figure 1.24: Ignition delay times from shock tube by Lokachari et al. [9] and corresponding
simulation; fuel: CoHs, o = 1.0
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1 IGNITION DELAY TIMES IN SHOCK TUBES

Ignition delay from shock tube, Lokachari et al. 2018
C,H5: 0.144, 0,: 0.180 in N2
p(t) = constant

¢ dTdt MAX, 10.0 bar P
-1.5

~2.0- T
_25 4

—-3.01

Ig(tign / S)

—3.541

_40 .

“““ + sim., Po,sim = Ps, exp
—— sim., po,sim = constant

_45 .

-5.0

0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25
1000 T-1 /K™

Figure 1.25: Ignition delay times from shock tube by Lokachari et al. [9] and corresponding
simulation; fuel: CoHs, o = 2.0

Ignition delay from shock tube, Lokachari et al. 2018
C,H5: 0.04, O5: 0.10, Ar: 0.43 in N2
p(t) = constant

¢ dTdt MAX, 10.0 bar o
~1.5 1

—-2.01

—-2.51

—-3.01

Ig(tign / S)

—-3.51

—4.0

+ sim., po,sim = Ps, exp
-454 = —— sim., po,sim = constant

0.85 0.90 0.95 1.00 1.05 1.10 1.15
1000 T /K™

Figure 1.26: Ignition delay times from shock tube by Lokachari et al. [9] and corresponding
simulation; fuel: CyHsy, ¢ = 1.0, X, = 0.43, X, = 0.43
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Ignition delay from shock tube, Lokachari et al. 2018
C,H5: 0.0105, 0,: 0.0262, Ar: 0.4817 in N2
p(t) = constant

_1754 ¢ dTdtmax3,10.0 bar L

—2.00
—2.25 -
—2.50 PPtae P

—2.75 A

Ig(tign / S)

—3.00 A

—3.25 1

+  sim., Po,sim = Ps,exp
—— sim., po sim = constant

—3.50 A

0.86 0.88 0.90 0.92 0.94 0.96 0.98 1.00
1000 T-% /K™

Figure 1.27: Ignition delay times from shock tube by Lokachari et al. [9] and corresponding
simulation; fuel: CoHy, ¢ = 1.0, Xy, = 0.48, X, = 0.48

Ignition delay from shock tube, Rickard et al. 2005
C,H»: 5000 ppm, O,: 12500 ppm in Ar
p(t) = constant

—-25-4 & dCHdt MAXintersect, 0.8 bar
¢ dCHdt MAXintersect, 1.1 bar
_30 -
w
= —-3.54
=)
—4.0
45 +  sim., Po,sim = Ps, exp
- —— sim., po,sim = constant
0.5 0.6 0.7 0.8 0.9
1000 771 /K1

Figure 1.28: Ignition delay times from shock tube by Rickard, Hall, and Petersen [10] and
corresponding simulation; fuel: CoHs, ¢ = 0.5
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1 IGNITION DELAY TIMES IN SHOCK TUBES

Ignition delay from shock tube, Rickard et al. 2005
C,H5: 5000 ppm, O5: 12500 ppm in Ar
p(t) = constant

¢ dCHdt MAXintersect, 1.1 bar

—2.50 A1

—2.75 A

—3.00 1

—3.25 A

—3.50 1

19(tign / 5)

—3.75 1

—4.00 A

¢ exp.
+ sim., Po,sim = Ps, exp
— sim., po,sim = constant

—4.25 A

—4.50 A

0.50 055 0.60 0.65 0.70 0.75 0.80 0.85 0.90
1000 771/ K?

Figure 1.29: Ignition delay times from shock tube by Rickard, Hall, and Petersen [10] and
corresponding simulation; fuel: CoHs, ¢ = 1.0

Ignition delay from shock tube, Petersen et al. 2004
C,Hg4: 5000 ppm, O3: 15000 ppm in Ar
p(t) = constant

7227 4 dCH(A)dt MAXintersect, 1.1 bar -
_30 .
L 354
=
_40 .
= 7 ¢ exp.
—4.5 +  sim., Po,sim = Ps, exp
yd —— sim., po,sim = constant
0.55 0.60 0.65 0.70 0.75 0.80

1000 T-1 /K1

Figure 1.30: Ignition delay times from shock tube by Petersen et al. [11] and corresponding
simulation; fuel: CoHy, o = 1.0
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Ignition delay from shock tube, Vries et al. 2007
C,Hg: 2500 ppm, O5: 17500 ppm in Ar
p(t) = constant

—-2504 4 dCH(A)dt MAXintersect, 1.1 bar

—2.75 A

—3.00 A

—3.25 1

Ig(tign / S)

—3.50 A
—3.75 A1

—4.00 A + sim., Po,sim = Ps, exp

— sim., po,sim = constant

—4.25 -

0.650 0.675 0.700 0.725 0.750 0.775 0.800 0.825 0.850
1000 771/ K?

Figure 1.31: Ignition delay times from shock tube by Vries et al. [12] and corresponding
simulation; fuel: CoHg, p = 0.5

Ignition delay from shock tube, Vries et al. 2007
C,Hg: 5000 ppm, O3: 17500 ppm in Ar
p(t) = constant

¢ dCH(A)dt MAXintersect, 1.1 bar 5
—2.75 A

—3.00 A

—3.25 A1

—3.50 A

Ig(tign / S)

—3.75 A1

—4.00 A

~ +  sim., Po,sim = Ps, exp
—4.25 ot —— sim., po,sim = constant

0.625 0.650 0.675 0.700 0.725 0.750 0.775  0.800
1000 T-1 /K1

Figure 1.32: Ignition delay times from shock tube by Vries et al. [12] and corresponding
simulation; fuel: CsHg, o = 1.0
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19(tign / 5)

Figure 1.33: Ignition delay times from shock tube by Herzler and Naumann [13] and corre-

Ignition delay from shock tube, Herzler, Naumann 2009
C,Hg: 1414 ppm, CHy: 16643 ppm, O3: 39226 ppm in Ar
for po, sim = Ps, exp: P(t) = T(Ts, exp, Ps, exp)

for po,sim = constant: p(t) = constant

—-1.01

—-1.51

—-2.01

—-2.51

—-3.01

—-3.51

—-4.0 1

—-4.5 1

OH(A) MAX, 1.0 bar
CH(A) MAX, 1.0 bar
OH(A) MAX, 4.0 bar
CH(A) MAX, 4.0 bar
OH(A) MAX, 16.0 bar
CH(A) MAX, 16.0 bar

R 2B 2 2B 2% 2

+» Po,sim = Ps5, exp
—— sim., po,sim = constant

0.60 0.65 0.70 0.75 0.80 0.85
1000 T-1 /K1

sponding simulation; fuel: RG, ¢ = 1.0, RG = CyHg/CH4 = 8/92

Ig(tign / S)

Figure 1.34: Ignition delay times from shock tube by Herzler and Naumann [13] and cor-
responding simulation; fuel: RG/Hs = 60/40, ¢ = 0.5, RG = CyHg/CHy =

~15-
—-2.01
—254
~3.0 e
~351

—4.0 1

Ignition delay from shock tube, Herzler, Naumann 2009
C,yHg: 649 ppm, CHy4: 7355 ppm, Hy: 5145 ppm,

03: 39197 ppm in Ar

for po, sim = Ps, exp: P(E) = f(Ts, exp, Ps, exp)

for po,sim = constant: p(t) = constant

OH(A) MAX, 1.0 bar
CH(A) MAX, 1.0 bar
OH(A) MAX, 4.0 bar B
CH(A) MAX, 4.0 bar e -

OH(A) MAX, 16.0 bar o

L 2 2B 2B 2B =

CH(A) MAX, 16.0 bar

454 °

8/92
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Ignition delay from shock tube, Herzler, Naumann 2009

CyHg: 1175 ppm, CHy: 13519 ppm, Hy: 9644 ppm,
0,: 36070 ppm in Ar

for po, sim = Ps, exp- p(t) = f(TS,exp: p5,exp)

for po,sim = constant: p(t) = constant

—-1.51

—-2.01

—-2.51

—-3.01

—-3.51

—4.0 1

_4.5 .

OH(A) MAX, 1.0 bar
CH(A) MAX, 1.0 bar =

OH(A) MAX, 4.0 bar

CH(A) MAX, 4.0 bar

OH(A) MAX, 16.0 bar ,
CH(A) MAX, 16.0 bar

L 2 b 2B 28 =

e + sim, Po,sim = Ps, exp
22 —— sim., po,sim = constant

—-5.01

0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90
1000 T-1 /K1

Figure 1.35: Ignition delay times from shock tube by Herzler and Naumann [13] and cor-
responding simulation; fuel: RG/Hy = 60/40, ¢ = 1.0, RG = CyHg/CHy =
8/92
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Ignition delay from shock tube, Herzler, Naumann 2009
CyHg: 356 ppm, CHy: 4162 ppm, Hy: 18170 ppm,

0,: 37399 ppm in Ar

for po, sim = Ps, exp: P(E) = T(Ts, exp, Ps, exp)

for po,sim = constant: p(t) = constant

104
151
201
251
304
351
401
"y

OH(A) MAX, 1.0 bar %
CH(A) MAX, 1.0 bar A
OH(A) MAX, 4.0 bar
CH(A) MAX, 4.0 bar
OH(A) MAX, 16.0 bar
CH(A) MAX, 16.0 bar

L 2 2B 2B 2B 2

+ sim., Po,sim = Ps, exp
—— sim., po,sim = constant

—-5.04

0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05
1000 T-1 /K1

Figure 1.36: Ignition delay times from shock tube by Herzler and Naumann [13] and cor-
responding simulation; fuel: RG/Hy = 20/80, ¢ = 0.5, RG = CyHg/CHy =
8/92
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1 IGNITION DELAY TIMES IN SHOCK TUBES

Ignition delay from shock tube, Herzler, Naumann 2009
CyHe: 651 ppm, CHy: 7737 ppm, Hy: 32942 ppm,

0,: 33823 ppm in Ar

for po, sim = Ps, exp- p(t) = f(TS,exp: p5,exp)

for po,sim = constant: p(t) = constant

-1.0{ & OH(A) MAX, 1.0 bar
¢ CH(A) MAX, 1.0 bar 25
—1.57 ¢4  OH(A) MAX, 4.0 bar
_20] ¢ CH(A)MAX, 4.0 bar
' ¢ OH(A) MAX, 16.0 bar
9 —2.54 CH(A) MAX, 16.0 bar
3.0
I=)
_35 -
—4.0 1 :
+  SIM., Po,sim = Ps,exp
—4.59 == —— sim., po,sim = constant

0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05
1000 771 /K™?

Figure 1.37: Ignition delay times from shock tube by Herzler and Naumann [13] and cor-
responding simulation; fuel: RG/Hs = 20/80, ¢ = 1.0, RG = CyHg/CHy =

8/92
Ignition delay from shock tube, Herzler, Naumann 2010
CyHg: 3568 ppm, CH4: 41388 ppm, CO: 100102 ppm,
0,: 94171 ppm, CO;: 250304 ppm in Ar
for po, sim = Ps, exp: P() = f(Ts, exp, Ps, exp)
for po sim = constant: p(t) = constant
¢ OH(A) MAX, 16.0 bar
¢ CH(A) MAX, 16.0 bar =
—254 ,
/U_I\ —30 7 -
5 -351
—4.0 - ¢ exp.
+ SIM., Po, sim =p5,exp
7 —— sim., po,sim = constant
—-4.5 T

0.60 0.65 0.70 0.75 0.80 0.85
1000 T-1 /K1

Figure 1.38: Ignition delay times from shock tube by Herzler and Naumann [14] and cor-

responding simulation; fuel: RG/CO = 31/69, ¢ = 1.0, RG = CyHg/CHy =
8/92
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Ignition delay from shock tube, Herzler, Naumann 2010
C,yHg: 3497 ppm, CHy: 41388 ppm, CO: 497165 ppm,
0,: 95659 ppm, CO,: 261360 ppm in Ar

for po, sim = Ps, exp: p(t) = f(TS,eprPS,exp)

for po,sim = constant: p(t) = constant

_254 OH(A) MAX, 16.0 bar
¢ CH(A) MAX, 16.0 bar
_30 -
w
2 —3.51
=)
—4.07 ¢ exp.
+ sim., Po,sim = Ps, exp
_45 4 — sim., pPo,sim = constant
0.60 0.65 0.70 0.75 0.80 0.85
1000 771 /K1

Figure 1.39: Ignition delay times from shock tube by Herzler and Naumann [14] and cor-
responding simulation; fuel: RG/CO = 8/92, ¢ = 1.0, RG = CyHg/CHy =
8/92
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2 SPECIES PROFILES IN FLOW REACTORS

Plug flow reactor, Mueller et al. 1998
H5: 5000 ppm, O,: 5000 ppm in N>
T=880K, p=0.3atm

0.005 A

0.004 ~

0.003 ~

0.002 +

0.001 +

0.000 ~

-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04
t/s

Figure 2.1: Flow reactor results by Mueller et al. [15] and its simulation; fuel: Hy, 7= 880 K,
p = 0.3 atm, ¢ = 0.5,

Plug flow reactor, Mueller et al. 1998
H,: 5000 ppm, O,: 7600 ppm in N>
T=2896K, p=0.6 atm

0.005

0.004 A

0.003 +

0.002 A

0.001 +

0.000 ~

-0.02 -0.01 0.00 0.01 0.02 0.03
t/s

Figure 2.2: Flow reactor results by Mueller et al. [15] and its simulation; fuel: Ha, 7= 896 K,
p = 0.6 atm, ¢ = 0.3,
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Plug flow reactor, Mueller et al. 1998
H,: 5000 ppm, O5: 3400 ppm in N,
T=897K, p=0.6atm

0.004 ~

0.003 A1

0.002 +

0.001 A

g,
S ‘.“Ti""“'ﬂ'va—a—--

0.000 +

-0.02 -0.01 0.00 0.01 0.02 0.03
t/s

Figure 2.3: Flow reactor results by Mueller et al. [15] and its simulation; fuel: Hy, "= 897 K,
p = 0.6 atm, ¢ = 0.8,

Plug flow reactor, Mueller et al. 1998
H,: 10000 ppm, O,: 15000 ppm in N,
T=943K, p=2.5atm

0.008 ~

0.006 A

0.004 A

0.002 A

0.000 ~

-0.15 -0.10 —0.05 0.00 0.05 0.10 0.15

Figure 2.4: Flow reactor results by Mueller et al. [15] and its simulation; fuel: Hy, "= 943 K,
p = 2.5 atm, p = 0.3,
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2 SPECIES PROFILES IN FLOW REACTORS

Plug flow reactor, Mueller et al. 1998
H,: 10100 ppm, O5: 5200 ppm in N
T =933K, p=3.44 atm

0.008 ~

0.006 A

0.004 ~

0.002 A1

0.000 +

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
t/s

Figure 2.5: Flow reactor results by Mueller et al. [15] and its simulation; fuel: Hy, "= 933 K,
p = 3.44 atm, ¢ = 1,

Plug flow reactor, Mueller et al. 1998
H,: 10100 ppm, O5: 5200 ppm in N,
T=934K, p=6.0atm

0.010 A

0.008 A1

0.006 A
>
0.004 A
0.002 A
0.000 A
-0.4 -0.2 0.0 0.2 0.4
t/s

Figure 2.6: Flow reactor results by Mueller et al. [15] and its simulation; fuel: Hy, "= 934 K,
p = 6.0 atm, p =1,
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Plug flow reactor, Mueller et al. 1998
H,: 12900 ppm, O3: 21900 ppm in N,
T=2884K,p==6.5atm

VY Sy S Gy G ¢
VY yhety

\ d==rpny . v — H2
0.012 A VN\

0.010 A
0.008 1
0.006 A
0.004 1
0.002 1

0.000 A1

-0.8 -0.6 -0.4 -0.2 0.0
t/s

Figure 2.7: Flow reactor results by Mueller et al. [15] and its simulation; fuel: Hy, "= 884 K,
p = 6.5 atm, p = 0.3,

Plug flow reactor, Mueller et al. 1998
H,: 13000 ppm, O5: 22100 ppm in N;
T =889K, p=26.5atm

0.012 A

0.010 1

0.008 A

0.006 A

0.004 A

0.002 A1

0.000 A

-0.6 -0.4 -0.2 0.0 0.2
t/s

Figure 2.8: Flow reactor results by Mueller et al. [15] and its simulation; fuel: Hy, "= 889 K,
p = 6.5 atm, p = 0.3,
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2 SPECIES PROFILES IN FLOW REACTORS

Plug flow reactor, Mueller et al. 1998
H,: 13200 ppm, O3: 21900 ppm in N,
T=906K, p==6.5atm

0.012 A1

0.010 1

0.008 1

0.006 A

0.004 A
0.002 A
0.000 A
-0.4 -0.2 0.0 0.2 0.4
t/s

Figure 2.9: Flow reactor results by Mueller et al. [15] and its simulation; fuel: Hy, "= 906 K,
p = 6.5 atm, p = 0.3,

Plug flow reactor, Mueller et al. 1998
H,: 13600 ppm, O3: 22400 ppm in N;
T=914K, p=6.5atm

0.014 A

0.012 A1

0.010 A

0.008 A1

0.006 A

0.004 1

0.002 A

0.000 A

-0.4 -0.2 0.0 0.2 0.4
t/s

Figure 2.10: Flow reactor results by Mueller et al. [15] and its simulation; fuel: Ho,
T =914 K, p=6.5 atm, ¢ = 0.3,
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Plug flow reactor, Mueller et al. 1998
H,: 13600 ppm, O;: 22400 ppm in N,
T=934K, p=26.5atm

0.014 A

0.012 A

0.010 A

0.008 1

0.006 A

0.004 A

0.002 A1

0.000 A1

-0.2 0.0 0.2 0.4 0.6

Figure 2.11: Flow reactor results by Mueller et al. [15] and its simulation; fuel: Ho,
T =934 K, p=6.5 atm, ¢ = 0.3,

Plug flow reactor, Mueller et al. 1998
H,: 11800 ppm, O3: 22100 ppm in N>
T=914K, p=15.7 atm

0.012 -
0.010 -
0.008 -

% 0.006 1
0.004 -

0.002 A

0.000 +

-0.2 0.0 0.2 0.4 0.6 0.8
t/s

Figure 2.12: Flow reactor results by Mueller et al. [15] and its simulation; fuel: Ha,
T =914 K, p=15.7 atm, ¢ = 0.3,
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2 SPECIES PROFILES IN FLOW REACTORS

Figure 2.13: Flow reactor results by Mueller et al. [15] and its simulation; fuel:

Plug flow reactor, Mueller et al. 1998
H,: 11800 ppm, O,: 6100 ppm in N,
T=914K, p=15.7 atm

0.012 A

0.010 +

0.008 ~

s 0.006

0.004 ~

0.002 A

0.000 +

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
t/s

T =914 K, p=15.7 atm, ¢ = 1,

Plug flow reactor, Mueller et al. 1999
CO: 9900 ppm, O5: 4900 ppm, H,0: 6500 ppm in N>
T=1038K, p=3.5atm

0.010 1 ‘ —— CO
0.008 -
0.006 -

0.004 A

0.002 A

0.000 A

-0.4 -0.2 0.0 0.2 0.4
t/s

H27

Figure 2.14: Flow reactor results by Mueller, Yetter, and Dryer [16] and its simulation; fuel:
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Plug flow reactor, Mueller et al. 1999
CO: 9900 ppm, O5: 4900 ppm, H20: 6500 ppm in N>
T=1040K, p = 9.6 atm

0.010 A1

0.008 1

0.006 A
>
0.004 A
0.002 A
0.000 A
-0.4 -0.2 0.0 0.2 0.4
t/s

Figure 2.15: Flow reactor results by Mueller, Yetter, and Dryer [16] and its simulation; fuel:
CO, T =1040 K, p = 9.6 atm, ¢ = 1,

Plug flow reactor, Li et al. 2007
CH,0: 100 ppm, O3: 15000 ppm, H,0: 3500 ppm in N,
T=852K,p=6.0atm

0.00010 A

0.00008 -

0.00006 A

0.00004 -

0.00002 A

0.00000 A

t/s

Figure 2.16: Flow reactor results by Li et al. [17] and its simulation; fuel: CH,0, T = 852 K,
p = 6.0 atm, A = 150
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2 SPECIES PROFILES IN FLOW REACTORS

Plug flow reactor, Li et al. 2007
CH,0: 100 ppm, O;: 20000 ppm, H,0: 3400 ppm in N,
T=902K, p=3.0atm

0.00010 A

0.00008 A

0.00006
=
0.00004 A
0.00002 A
0.00000 -
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
t/s

Figure 2.17: Flow reactor results by Li et al. [17] and its simulation; fuel: CH,O, T" = 902 K,
p = 3.0 atm, A = 200

Plug flow reactor, Li et al. 2007
CH>0: 103 ppm, O5: 20000 ppm, H,0: 3700 ppm in N,
T=948 K, p = 1.5 atm

0.00010 A

0.00008 A

0.00006 A

—— CH20

0.00004

0.00002 A

0.00000

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

Figure 2.18: Flow reactor results by Li et al. [17] and its simulation; fuel: CH,O, T' = 948 K,
p = 1.5 atm, A = 200
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Plug flow reactor, Li et al. 2007
CH,0: 80 ppm, O5: 18000 ppm, H,0: 2700 ppm in N>
T=924K, p=2.5atm

0.00008 A

-
W

0.00007 A
0.00006 A
0.00005 A
< 0.00004
0.00003 A
0.00002 A
0.00001 A

0.00000 - A

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
t/s

Figure 2.19: Flow reactor results by Li et al. [17] and its simulation; fuel: CH,O, T' = 924 K,
p = 2.5 atm, A = 225

Plug flow reactor, OBwald, Kohler 2015
CHy4: 2000 ppm, O,: 8000 ppm in Ar
T = f(Treactor, ), p = 1 atm

0.008 4 — 02 — C2H4
— co2 0.00014 4 : —— C2H6
0.007 - — H20 i —— CH20
—— CH4 0.00012 4 |
0.006 4
|
0.00010 4 i
0.005 i
% 0.004 4 O
0.003 4 0.00006 4
0,002  bbibaiatgna i e aiie 0.00004 4
B |
0.001 4 0.00002 o i
]
e - ceiTie] (I R
0.000{ e 2SS AR SRt 0000001 = legtetobatttsistineizeassd
1100 1120 1140 1160 1180 1200 1220 1240 1100 1125 1150 1175 1200 1225 1250 1275
Treactor / K Treactor / K

Figure 2.20: Flow reactor results by Ofiwald and Koéhler [18] and its simulation; fuel: CHy,
p = 0.5,

47



2 SPECIES PROFILES IN FLOW

REACTORS

Figure 2.21: Flow reactor results by Ofiwald and Koéhler [18] and its simulation; fuel: CHy,
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Plug flow reactor, OBwald, Kéhler 2015
CHy: 3333 ppm, O,: 6667 ppm in Ar
T = f(Treactor, ), p = 1 atm
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Plug flow reactor, OBwald, Khler 2015
CH,: 5000 ppm, O,: 5000 ppm in Ar
T = f(Treactor, ), p = 1 atm
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1280
Treactor / K
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Figure 2.22: Flow reactor results by Ofiwald and Ko6hler [18] and its simulation; fuel: CHy,

Y =2,
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2 SPECIES PROFILES IN FLOW REACTORS

Plug flow reactor, Hashemi et al. 2016
CH4: 1100 ppm, O3: 39600 ppm in N>
tres = 9586 K/ Ts, p = 100 bar

0.0010 4

0.0008 4

0.0006 A
>

0.0004 4

0.0002 A

0.0000 A

600 650 700 750 800 850 900 950 1000
T/K

Figure 2.23: Flow reactor results by Hashemi et al. [19] and its simulation; fuel: CHy,
© = 0.006,

Plug flow reactor, Hashemi et al. 2016
CH4: 1600 ppm, O: 3100 ppm in N>
tres = 9586 K/ Ts, p = 100 bar

0.0030 A

0.0025 4

0.0020 A

><0_0015_ € ¢ & & T3

0.0010 A

0.0005 A

0.0000 9@ &=ttt

600 650 700 750 800 850 900 950 1000
T/K

Figure 2.24: Flow reactor results by Hashemi et al. [19] and its simulation; fuel: CHy, ¢ = 1,
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Plug flow reactor, Hashemi et al. 2016
CHgy: 17500 ppm, O3: 1800 ppm in Ny
tres = 9586 K/ T's, p = 100 bar

0.00175 4 0.00025 1

0.00150 4
0.00020 4
0.00125 4
0.00100 0.00015 4
x x

0.00075 0.00010 4

0.00050

0.00005 A
0.00025 4

0.00000

0.00000

Figure 2.25: Flow reactor results by Hashemi et al. [19] and its simulation; fuel: CHy,
p =19.7,

Plug flow reactor, Alzueta et al. 2008
C,H5: 500 ppm, H,0: 7000 ppm in N,
¢=1.0,¢tes=195K/Ts,p=1atm

0.0010 A C2H2

— CO

— CO2
0.0008 -
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> E 2
0.0004 -
0.0002 4
0.0000
700 800 900 1000 1100 1200 1300
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Figure 2.26: Flow reactor results by Alzueta et al. [20] and its simulation; fuel: CoHa, ¢ = 1,
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2 SPECIES PROFILES IN FLOW REACTORS

Plug flow reactor, Alzueta et al. 2008
C,H5: 500 ppm, H,0: 7000 ppm in N,
¢=14,tes=195K/Ts,p=1atm

—— C2H2
0.0008 1 —— CO
— 02
0.0006 A
™ 0.0004 -
0.0002 A
0.0000
700 800 900 1000 1100 1200 1300 1400

T/K
Figure 2.27: Flow reactor results by Alzueta et al. [20] and its simulation; fuel: CoHg, ¢ = 1.4,

Plug flow reactor, OBwald, Kéhler 2015
C3Hj: 1430 ppm, O,: 8570 ppm in Ar
T = f(Treactor, t), p = 1 atm
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Figure 2.28: Flow reactor results by Oiwald and Koéhler [18] and its simulation; fuel: CyHy,
@ = 0.5,
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Plug flow reactor, OBwald, Kéhler 2015
CyHa: 2500 ppm, O,: 7500 ppm in Ar
T = f(Treactor, t), p = 1 atm

—— CH4
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» 000
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0.000000 s
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Figure 2.29: Flow reactor results by Ofwald and Kohler [18] and its simulation; fuel: CoHy,
p=1

Plug flow reactor, Carriere et al. 2002
C3Hg4: 5000 ppm, O5: 6000 ppm in Ny
T=950K,p=5atm

0.0012
—— C2H4 — co2
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tls t/s

Figure 2.30: Flow reactor results by Carriere et al. [21] and its simulation; fuel: CoHy,
T =950 K, p=5.0 atm, ¢ = 2.5,
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2 SPECIES PROFILES IN FLOW REACTORS

Plug flow reactor, Carriere et al. 2002
C;H4: 5000 ppm, O,: 6000 ppm in Ny
T=2850K, p=10atm

0.008 ——yy 0.0016 — o
0.007 : 0.0014 1 —— CH20
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% 0.0041 % 0.0008 1
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-03 =02 -01 00 01 0.2 03 04 0.5 -03
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Figure 2.31: Flow reactor results by Carriere et al. [21] and its simulation; fuel: CoHy,
T =850 K, p = 10.0 atm, ¢ = 2.5,
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3 SPECIES PROFILES IN JET STIRRED REACTORS

JSR, Le Cong et al. 2009
H,: 0.010, O3: 0.025 in N,
T=0.12s,p=1atm

bo oo

0.010

0.008 ~

0.006 1 R
x —— H20

0.004 ~

0.002 +

0.000 o ¢

I
800 850 900 950 1000 1050 1100 1150 1200
T/K

Figure 3.1: JSR results by Le Cong, Dagaut, and Dayma [22] and its simulation; fuel: Ha,
p = 1.0 atm, ¢ = 0.2,

JSR, Dagaut et al. 2003
H,: 0.002, CO: 0.002, O,: 0.02 in N,
7T=0.12s,p=1atm

0.0015 A

=< 0.0010 -

0.0005 A

800 900 1000 1100 1200 1300

Figure 3.2: JSR results by Dagaut et al. [23] and its simulation; fuel: H,/CO = 50/50,
p = 1.0 atm, p = 0.1,
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JSR, Burke et al. 2016
CH30H: 0.002 , O2: 0.006 in N2
T=0.05s,p=1atm

0.006 0.0014
0.005 0.0012
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x 0.003 x
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T/IK TIK

Figure 3.3: JSR results by Burke et al. [24] and its simulation; fuel: CH3;OH, p = 1.0 atm,
p = 0.5,

JSR, Burke et al. 2016
CH30H: 0.002, O5: 0.003 in N>
7T=0.05s,p=1atm

0.0030

0.0025 4

0.0020

> 0.0015 -

0.0010 A

800 900 1000 1100 1200 1300

Figure 3.4: JSR results by Burke et al. [24] and its simulation; fuel: CH30H, p = 1.0 atm,
p=1
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3 SPECIES PROFILES IN JET STIRRED REACTORS

JSR, Burke et al. 2016
CH30H: 0.002, O2: 0.015 in N3
T=0.5s,p=10atm
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Figure 3.5: JSR results by Burke et al. [24] and its simulation; fuel: CH3OH, p = 10.0 atm,
e =0.2,

JSR, Burke et al. 2016
CH30H: 0.002, 02: 0.003 in N2
T=0.5s,p=10atm
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Figure 3.6: JSR results by Burke et al. [24] and its simulation; fuel: CH3OH, p = 10.0 atm,
=1

JSR, Burke et al. 2016
CH30H: 0.004, 0,: 0.003 in N2
T=0.5s,p=10atm
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Figure 3.7: JSR results by Burke et al. [24] and its simulation; fuel: CH3OH, p = 10.0 atm,
¢ =2,
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JSR, Burke et al. 2016
CH30H: 0.0024 , O,: 0.003 in N2
T=1.0s, p=20atm
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Figure 3.8: JSR results by Burke et al. [24] and its simulation; fuel: CH3OH, p = 20.0 atm,
=1,

JSR, Le Cong et al. 2009
CHg: 0.01, 02: 0.20 in N2
T=0.12s,p=1atm

—— CH4 ¢+ 0.00035
00201 ___ o0 ).
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— o ¢
0.015 0.00025
0.00020
= 0.010 x
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Figure 3.9: JSR results by Le Cong, Dagaut, and Dayma [22] and its simulation; fuel: CHy,
p=10atm, ¢ =0.1, Xn, =79
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3 SPECIES PROFILES IN JET STIRRED REACTORS

JSR, Dagaut et al. 1991
CHg: 0.003, O3: 0.060 in N,
7T=0.1s,p=1atm
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0.0025 A

0.0020 A
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0.0000
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Figure 3.10: JSR results by Dagaut, Boettner, and Cathonnet [25] and its simulation; fuel:
CHy, p = 1.0 atm, ¢ = 0.1, Xn, = 94

JSR, Dagaut et al. 1991
CHg: 0.003, 0,: 0.012in N
T=15s, p=10atm
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Figure 3.11: JSR results by Dagaut, Boettner, and Cathonnet [25] and its simulation; fuel:
CHy, p = 10.0 atm, ¢ = 0.5,
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JSR, Dagaut et al. 1991
CH,: 0.003, 02: 0.006 in N;
T=15s,p=10atm
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Figure 3.12: JSR results by Dagaut, Boettner, and Cathonnet [25] and its simulation; fuel:
CHy, p = 10.0 atm, ¢ = 1,

JSR, Le Cong, Dagaut 2008
CHa: 0.010, 02: 0.0133in N,

T=0.25s,p=10atm

0.010 —
0.00035 €120
0.008 0.00030
0.00025
0.006
0.00020
> >
0.004 0.00015
0.00010
0.002
0.00005
0.000 1 0.00000 1= I
950 1000 1050 1100 1150 1200 1250 1300 1350 1400 950 1000 1050 1100 1150 1200 1250 1300 1350 1400

T/IK

Figure 3.13: JSR results by Le Cong and Dagaut [26] and its simulation; fuel: CHy, p = 10.0
atm, ¢ = 1.5,

JSR, Le Cong et al. 2009
CHy: 0.008, Hy: 0.008, CO:0.200, O,: 0.067 in N;
T=0.12s,p=1atm

0.030 ha . — cH20
o H2 ‘ 0.00020 — C2H4
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x 0.015 >
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Figure 3.14: JSR results by Le Cong, Dagaut, and Dayma [22] and its simulation; fuel:
CH4/Hy = 50/50, p = 1.0 atm, ¢ = 0.3, Xco, = 20, Xx, = 72
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3 SPECIES PROFILES IN JET STIRRED REACTORS

JSR, Le Cong et al. 2009
CH,: 0.008, H: 0.008, 0;: 0.067 in N
T=0.12s,p=1atm

0.030{ — CH4 + 0.000200
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Figure 3.15: JSR results by Le Cong, Dagaut, and Dayma [22] and its simulation; fuel:
CH4/Hy = 50/50, p = 1.0 atm, ¢ = 0.3, Xx, = 92

JSR, Le Cong, Dagaut 2008
CH,: 0.008, Hy: 0.008, CO:0.200, 0;: 0.013 in N;
T=0.12s,p=1atm

— CH4 ¢ ‘. —— CH20
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Figure 3.16: JSR results by Le Cong and Dagaut [26] and its simulation; fuel: CHy/Hy =
50/50, p = 1.0 atm, ¢ = 1.5, Xco, = 20, XN, = 77

JSR, Le Cong, Dagaut 2008
CH,: 0.008, H: 0.008, 03: 0.013 in N,
T=0.12s,p=1atm
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Figure 3.17: JSR results by Le Cong and Dagaut [26] and its simulation; fuel: CHy/Hy =
50/50, p = 1.0 atm, ¢ = 1.5, Xx, = 97
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JSR, Le Cong et al. 2009
CH,: 0.008, H: 0.008, 0;: 0.067 in N,
T=0.25s,p=10atm
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Figure 3.18: JSR results by Le Cong, Dagaut, and Dayma [22] and its simulation; fuel:

0.000200
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JSR, Le Cong, Dagaut 2008
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Figure 3.19: JSR results by Le Cong and Dagaut [26] and its simulation; fuel: CHy/Hy =

50/50, p = 10.0 atm, ¢ = 1,



3 SPECIES PROFILES IN JET STIRRED REACTORS

JSR, Le Cong, Dagaut 2008
CH,4: 0.008, H: 0.004, CO: 0.004, 03: 0.0667 in N;
T=0.12s,p=1atm

00129 chg —— CH20
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0.010{ — CO
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> 0.006 4 >
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Figure 3.20: JSR results by Le Cong and Dagaut [26] and its simulation; fuel: CH,/Hy/CO

800

= 50/25/25, p = 1.0 atm, ¢ = 0.3,

JSR, Le Cong, Dagaut 2008
CH,: 0.008, H: 0.004, CO: 0.004, 03: 0.0133 in N3
T=0.12s,p=1atm
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Figure 3.21: JSR results by Le Cong and Dagaut [26] and its simulation; fuel: CH,/H,/CO
= 50/25/25, p = 1.0 atm, ¢ = 1.5,
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JSR, Tan et al. 1994
CzH2: 0.0014 , Oz: 0.008 in N
T=0.125s,p=1atm
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Figure 3.22: JSR results by Tan et al. [27] and its simulation; fuel: CyHs, p = 1.0 atm,
v = 0.4,

JSR, Tan et al. 1994
CaH: 0.0015, O;: 0.00375
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Figure 3.23: JSR results by Tan et al. [27] and its simulation; fuel: CyHg, p = 1.0 atm, ¢ = 1,
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4 LAMINAR BURNING VELOCITIES

Laminar burning velocity, Krejci et al. 2013
Fuel: Hy; oxidiser: air
To=298K, p=1atm

— sim
¢ exp
2.5 1
L 2.0
Ill)
€
S 154
¢
¢
¢
1.0' ’
¢
1 2 3 4 5

Figure 4.1: Burning velocities by Krejci et al. [28] and corresponding simulation; fuel: Ha,

Laminar burning velocity, Park et al. 2015
Fuel: Hy; oxidiser: 02: 0.095, N»: 0.905
To =298 K, p=1atm
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Figure 4.2: Burning velocities by Park et al. [29] and corresponding simulation; fuel: Ha,
oxidiser: O/Ny = 9.5/90.5
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Laminar burning velocity, Voss et al. 2014
Fuel: Hy: 0.30, N5: 0.70; oxidiser: air
To=298K, p=1atm
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Figure 4.3: Burning velocities by Voss, Hartl, and Hasse [30] and corresponding simulation;
fuel: Hy/Ny = 30/70,

Laminar burning velocity, Voss et al. 2014
Fuel: Hy: 0.25, N»: 0.75; oxidiser: air
To =298 K, p=1atm
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Figure 4.4: Burning velocities by Voss, Hartl, and Hasse [30] and corresponding simulation;
fuel: Hy/Ny = 25/75,
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4 LAMINAR BURNING VELOCITIES

Laminar burning velocity, Alekseev, Konnov 2018
Fuel: Hy: 0.25, N»: 0.75; oxidiser: 02: 0.125, He: 0.875
To=298K, p=1atm
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Figure 4.5: Burning velocities by Alekseev and Konnov [31] and corresponding simulation;
fuel: Hy/Ny = 25/75, oxidiser: Oy/He = 12.5/87.5

Laminar burning velocity, Sun et al. 2007
Fuel: Hy: 0.05, CO: 0.95; oxidiser: air
To =298 K, p=1atm
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Figure 4.6: Burning velocities by Sun et al. [32] and corresponding simulation; fuel: Hy/CO
= 5/95,
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Laminar burning velocity, Sun et al. 2007
Fuel: Hy: 0.25, CO: 0.75; oxidiser: air
To=298K, p=1atm
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Figure 4.7: Burning velocities by Sun et al. [32] and corresponding simulation; fuel: Hy/CO
= 25/75,

Laminar burning velocity, Krejci et al. 2013
Fuel: Hy: 0.50, CO: 0.50; oxidiser: air
To=298K,p=1atm

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Figure 4.8: Burning velocities by Krejci et al. [28] and corresponding simulation; fuel: Hy/CO
= 50/50, p = 1 atm,
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4 LAMINAR BURNING VELOCITIES

Laminar burning velocity, Sun et al. 2007
Fuel: Hy: 0.50, CO: 0.50; oxidiser: air
To =298 K, p =2 atm

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Figure 4.9: Burning velocities by Sun et al. [32] and corresponding simulation; fuel: Hy/CO
= 50/50, p = 2 atm,

Laminar burning velocity, Voss et al. 2014
Fuel: H,: 0.24, CO: 0.06, N»: 0.70; oxidiser: air
To=298K,p=1atm
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Figure 4.10: Burning velocities by Voss, Hartl, and Hasse [30] and corresponding simulation;
fuel: Hy/CO/Ny = 24/6/70,
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Laminar burning velocity, Lohofener et al. 2012
Fuel: Hy: 0.20, CO: 0.10, N,: 0.70; oxidiser: air
To=298K,p=1atm
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Figure 4.11: Burning velocities by Lohofener et al. [33] and corresponding simulation; fuel:
H,/CO/Ny = 20/10/70,

Laminar burning velocity, Voss et al. 2014
Fuel: Hy: 0.15, CO: 0.15, N;: 0.70; oxidiser: air
To =298 K, p =1atm
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Figure 4.12: Burning velocities by Voss, Hartl, and Hasse [30] and corresponding simulation;
fuel: Hy/CO/Ny = 15/15/70,
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4 LAMINAR BURNING VELOCITIES

Laminar burning velocity, Lohofener et al. 2012
Fuel: Hy: 0.20, CO: 0.20, N,: 0.60; oxidiser: air
To=298K,p=1atm

0.8 1.0 1.2 1.4 1.6 1.8 2.0

Figure 4.13: Burning velocities by Lohofener et al. [33] and corresponding simulation; fuel:
H,/CO/N, = 20/20/60,

Laminar burning velocity, Voss et al. 2014
Fuel: H,: 0.10, CO: 0.20, N;: 0.70; oxidiser: air
To =298 K,p =1atm
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Figure 4.14: Burning velocities by Voss, Hartl, and Hasse [30] and corresponding simulation;
fuel: Hy/CO/Ny = 10/20/70,
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Laminar burning velocity, Konnov et al. 2002
Fuel: Hy: 0.0505,C0O: 0.4475, CO,: 0.5020; oxidiser: air
To=298K, p=1atm
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Figure 4.15: Burning velocities by Konnov, Dyakov, and Ruyck [34] and corresponding sim-
ulation; fuel: Hy/CO/COy = 5/45/50,

Laminar burning velocity, Kishore et al. 2011
Fuel: H,: 0.40, CO: 0.10, CO;: 0.50; oxidiser: air
To=303K,p=1bar
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Figure 4.16: Burning velocities by Kishore, Ravi, and Ray [35] and corresponding simulation;
fuel: Hy/CO/COy = 40/10/50,
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4 LAMINAR BURNING VELOCITIES

Laminar burning velocity, Kishore et al. 2011
Fuel: H,: 0.25, CO: 0.25, CO,: 0.50; oxidiser: air
To=303K,p=1bar
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Figure 4.17: Burning velocities by Kishore, Ravi, and Ray [35] and corresponding simulation;
fuel: H,/CO/COy = 25/25/50,

Laminar burning velocity, Kishore et al. 2011
Fuel: Hy: 0.30, CO: 0.30, CO,: 0.40; oxidiser: air
To=300K, p=1bar
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Figure 4.18: Burning velocities by Kishore, Ravi, and Ray [35] and corresponding simulation;
fuel: Hy/CO/CO, = 30/30/40,
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Laminar burning velocity, Kishore et al. 2011
Fuel: H,: 0.10, CO: 0.40, CO5: 0.50; oxidiser: air
To =303K,p =1bar
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Figure 4.19: Burning velocities by Kishore, Ravi, and Ray [35] and corresponding simulation;
fuel: H,/CO/COy = 10/40/50,

Laminar burning velocity, Kishore et al. 2011
Fuel: H,: 0.12, CO: 0.48, CO,: 0.40; oxidiser: air
To=300K,p=1bar
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Figure 4.20: Burning velocities by Kishore, Ravi, and Ray [35] and corresponding simulation;
fuel: Hy/CO/CO, = 12/48 /40,

7



4 LAMINAR BURNING VELOCITIES

Laminar burning velocity, Sileghem et al. 2014
Fuel: CH3OH; oxidiser: air
To =298 K,p =1atm
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Figure 4.21: Burning velocities by Sileghem et al. [36] and corresponding simulation; fuel:
CH30H, T = 298 K,

Laminar burning velocity, Sileghem et al. 2014
Fuel: CH3OH; oxidiser: air
To=338K,p=1atm
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Figure 4.22: Burning velocities by Sileghem et al. [36] and corresponding simulation; fuel:
CH30H, T' = 338 K,
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Laminar burning velocity, Park et al. 2011
Fuel: CH4; oxidiser: air
To=298K,p=1atm
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Figure 4.23: Burning velocities by Park et al. [37] and corresponding simulation; fuel: CHy,
p =1 atm,

Laminar burning velocity, Park et al. 2011
Fuel: CHy; oxidiser: air
To =298 K, p =2 atm
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Figure 4.24: Burning velocities by Park et al. [37] and corresponding simulation; fuel: CHy,
p = 2 atm,
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4 LAMINAR BURNING VELOCITIES

Laminar burning velocity, Park et al. 2011
Fuel: CH4; oxidiser: air
To =298 K, p =4 atm
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Figure 4.25: Burning velocities by Park et al. [37] and corresponding simulation; fuel: CHy,
p =4 atm,

Laminar burning velocity, Burrell 2017
Fuel: CH4; oxidiser: air
To =343 K, p=0.1atm
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Figure 4.26: Burning velocities by Burrell [38] and corresponding simulation; fuel: CHy,
p = 0.1 atm,
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Laminar burning velocity, Burrell 2017
Fuel: CH4; oxidiser: air
To =343 K, p =0.25 atm
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Figure 4.27: Burning velocities by Burrell [38] and corresponding simulation; fuel: CHy,
p = 0.25 atm,

Laminar burning velocity, Yan et al. 2011
Fuel: CH4; oxidiser: air
To=358K,p=1atm
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Figure 4.28: Burning velocities by Yan et al. [39] and corresponding simulation; fuel: CHy,
T =358 K,
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4 LAMINAR BURNING VELOCITIES

Laminar burning velocity, Konnov, Dyakov 2009
Fuel: CH4; oxidiser: 02: 0.13, Ar: 0.87
To=298K,p=1atm

0.6 0.8 1.0 1.2 1.4

Figure 4.29: Burning velocities by Konnov and Dyakov [40] and corresponding simulation;
fuel: CHy, oxidiser: Oy/Ar = 17/83

Laminar burning velocity, Hermanns 2007
Fuel: CH,4:0.70, H>:0.30; oxidiser: air
To =298 K, p=1atm
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Figure 4.30: Burning velocities by Hermanns [41] and corresponding simulation; fuel:
H,/CH, = 30/70,
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Laminar burning velocity, Nilsson et al. 2017
Fuel: CH,4: 0.65, Hy: 0.35; oxidiser: air
To=298K,p=1atm
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Figure 4.31: Burning velocities by Nilsson et al. [42] and corresponding simulation; fuel:
H,/CH4 = 35/65,

Laminar burning velocity, Coppens et al. 2007
Fuel: CH,4: 0.65, H,: 0.35; oxidiser: 02: 0.16, N,: 0.84
To =298 K, p=1atm
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Figure 4.32: Burning velocities by Coppens, De Ruyck, and Konnov [43] and corresponding
simulation; fuel: Hy/CHy = 35/65, oxidiser: Oy/Ny = 16/84
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4 LAMINAR BURNING VELOCITIES

Laminar burning velocity, Coppens et al. 2007
Fuel: CH,: 0.65, Hy: 0.35; oxidiser: 02: 0.18, N,: 0.82

To=298K, p=1atm

0.30 1

0.10 1

0.05 A

1.0 1.2 1.4

Figure 4.33: Burning velocities by Coppens, De Ruyck, and Konnov [43] and corresponding
simulation; fuel: Hy/CH, = 35/65, oxidiser: Oy/Ny = 18/82

Laminar burning velocity, Hermanns 2007
Fuel: CHy4: 0.60, H»: 0.40; oxidiser: air
To =298 K, p=1atm

0.5 1

0.2 1

Figure 4.34: Burning velocities by Hermanns [41] and corresponding

H2/CH4 - 40/60,
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simulation; fuel:



Laminar burning velocity, Nilsson et al. 2017
Fuel: CH,4: 0.50, H,: 0.50; oxidiser: air
To=298K, p=1atm
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0.2 1

0.6 0.8 1.0 1.2 1.4

Figure 4.35: Burning velocities by Nilsson et al. [42] and corresponding simulation; fuel:
H,/CH4 = 50/50,

Laminar burning velocity, Yan et al. 2011

Fuel: H,: 0.12, CO: 0.19, CH,4:0.058, C0O,:0.132, N5: 0.5
Oxidiser: air

To =298 K, p =1 atm
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Figure 4.36: Burning velocities by Yan et al. [39] and corresponding simulation; fuel: Bio-
genic mix 1,
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4 LAMINAR BURNING VELOCITIES

Laminar burning velocity, Yan et al. 2011

Fuel: H,: 0.096, CO: 0.152, CH,4:0.246, CO,:0.106, N,: 0.4
Oxidiser: air

To =298 K,p =1atm

0.30 ~

0.25 A1

0.20 1

0.15 A

ul/ms™t
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0.05 A1

0.00 A

0.6 0.8 1.0 1.2

Figure 4.37: Burning velocities by Yan et al. [39] and corresponding simulation; fuel: Bio-

genic mix 2,

Laminar burning velocity, Park et al. 2012
Fuel: CyH,; oxidiser: 02: 0.13, N,: 0.87
To =298 K, p=1atm
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Figure 4.38: Burning velocities by Park, Veloo, and Egolfopoulos [44] and
simulation; fuel: CyHs,
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Laminar burning velocity, Park et al. 2012
Fuel: C,H4; oxidiser: air
To=298K, p=1atm
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Figure 4.39: Burning velocities by Park, Veloo, and Egolfopoulos [44] and corresponding
simulation; fuel: CoHy,

Laminar burning velocity, Park et al. 2012
Fuel: C,Hg; oxidiser: air
To =298 K, p=1atm
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Figure 4.40: Burning velocities by Park, Veloo, and Egolfopoulos [44] and corresponding
simulation; fuel: CyHg,
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4 LAMINAR BURNING VELOCITIES

Laminar burning velocity, Nilsson et al. 2017
Fuel: CoHg: 0.13, CHy4: 0.52, Hy: 0.35; oxidiser: air
To=298K,p=1atm
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Figure 4.41: Burning velocities by Nilsson et al. [42] and corresponding simulation; fuel:
H,/CH,/CsHg = 35/52/13,
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5 Species profiles in burner stabilised
flames
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5 SPECIES PROFILES IN BURNER STABILISED FLAMES

Burner stabilised flame, Fomin et al. 2015 / 2016
Fuel: CHy; oxidiser: air
¢ =1.0,Tg =298K, p=30Torr
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Figure 5.1: Burner flame species profiles by Fomin et al. [45, 46] and corresponding simula-
tion; fuel CHy, o = 1.0

Burner stabilised flame, Fomin et al. 2015 / 2016
Fuel: CHy; oxidiser: air
¢ =1.5,Ty=298K, p=30Torr

0.000200 4 HCO N —— CH2(S)
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HAB /m HAB /m

Figure 5.2: Burner flame species profiles by Fomin et al. [45, 46] and corresponding simula-
tion; fuel CHy, o = 1.5
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Burner stabilised flame, Fomin et al. 2015 / 2016
Fuel: CHy; oxidiser: air
@ =1.9,Tyg=298K, p=30Torr

0.00010
— HCo 0.000016 7 —— CH2(S)
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Figure 5.3: Burner flame species profiles by Fomin et al. [45, 46] and corresponding simula-
tion; fuel CHy, o = 1.9
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