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A Study on Responces of Premixed Flames of Hydrogen, Methane and Propane 

having the same Adiabatic Flame Temperature to Flame Stretch 

Akihiro HAYAKAWA� and� Jun HASHIMOTO 

Recently, a development of the combustor having higher efficiency and being more clean has been required from 

the viewpoint of environmental problems. In a development process of such a combustor, computer simulation is an 

effective method for cost reduction. Large Eddy Simulation (LES) is one of the simulation technique of Fluid 

Dynamics. In recent years, it is attracting a lot of attention in the reason which can reproduce unsteady phenomena. 

When LES is applied to the flow field with combustion phenomena, it is necessary to give an appropriate combustion 

model. The flamelet existing in a flow field is affected by hydrodynamic strain. Burning velocity of such stretched 

flame changes from the value of laminar burning velocity by molecular and thermal diffusion effects. However, the 

combustion model which can evaluate such an effect adequately is not suggested till now. In this study, a response of 

burning velocity concerning flame stretch is examined by chemical kinetics computations. Especially, from a point of 

view of engineering, investigations are performed for premixed flames of hydrogen, methane and propane having the 

same adiabatic flame temperature. As a result, it is clarified that sensitivities to flame stretch of burning velocity can 

be explained approximately with mixture properties and ratio of those. Furthermore, in some mixture conditions, it 

becomes clear that the critical Lewis number play an important role in estimation of response. 

����������� Premixed Combustion, Internal Combustion Engine, Adiabatic Flame Temperature, 

Flame Stretch, Markstein Number, Lewis Number, Chemical Kinetics 
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Table 1 Properties of Mixtures 

Fuel 

T
b

[K] 

φ

[−]

Mole Fraction x
k
[-] S

L 0

[cm/s] 

Le
f

[-] 

D
f
/D

o

[-] 

ρ
u

/ρ
b

[-]Fuel O 
2

N 
2

0.4 0.228 0.285 0.487 125.5 0.420 3.791 6.711 

2000 0.7 0.225 0.161 0.614 117.8 0.421 3.605 6.711 

1.0 0.225 0.112 0.663 112.0 - 3.542 6.711 

0.4 0.183 0.228 0.589 51.6 0.399 3.613 5.705 

H 
2

1700 0.7 0.181 0.129 0.689 49.3 0.400 3.497 5.705 

1.0 0.181 0.090 0.729 49.9 - 3.454 5.705 

0.4 0.154 0.193 0.653 22.1 0.385 3.525 5.034 

1500 0.7 0.153 0.110 0.737 21.1 0.385 3.438 5.034 

1.0 0.153 0.076 0.771 21.6 - 3.406 5.034 

0.4 0.079 0.396 0.525 38.1 0.856 1.184 6.711 

2000 0.7 0.078 0.223 0.699 30.6 0.857 1.138 6.712 

1.0 0.078 0.156 0.765 19.7 - 1.123 6.711 

0.4 0.062 0.308 0.630 14.6 0.862 1.148 5.705 

CH 
4

1700 0.7 0.061 0.174 0.765 11.8 0.862 1.118 5.705 

1.0 0.061 0.122 0.818 6.3 - 1.106 5.705 

0.4 0.051 0.256 0.693 5.6 0.865 1.129 5.034 

1500 0.7 0.051 0.145 0.804 4.6 0.865 1.106 5.034 

1.0 0.051 0.101 0.848 1.7 - 1.097 5.034 

0.4 0.032 0.400 0.568 45.9 1.607 0.591 6.712 

2000 0.7 0.032 0.225 0.743 37.0 1.598 0.577 6.711 

1.0 0.032 0.158 0.810 25.7 - 0.573 6.711 

C 
3
H 

8
1700 

0.4 0.025 0.310 0.666 19.7 1.622 0.582 5.706 

0.7 0.025 0.175 0.800 16.2 1.614 0.572 5.704 

1.0 0.024 0.122 0.853 9.8 - 0.569 5.705 

1500 

0.4 0.020 0.256 0.723 8.6 1.631 0.577 5.033 

0.7 0.020 0.145 0.834 7.2 1.624 0.570 5.033 

1.0 0.020 0.101 0.878 - - 0.567 5.033 



20 

40 

60 

1000 

2000 

0 

10000 

20000 

������������������������������������� �����
140 

1700K 

120 

40 40 

2000K 

L
a
m

i
n
a
r
 
B

u
r
n
i
n
g
 
V

e
l
o
c
i
t
y

 
S
 

[
c
m

/
s
]
 

L
0

2000K 

100 

1500K L
a
m

i
n
a
r
 
B

u
r
n
i
n
g
 
V

e
l
o
c
i
t
y

 
S
 

[
c
m

/
s
]
 

L
0

L
a
m

i
n

a
r
 
B

u
r
n

i
n

g
 
V

e
l
o

c
i
t
y

 
S

 
[
c
m

/
s
]
 

L
0

2000K 

20 
1700K 

1500K 

L
a
m

i
n

a
r
 
B

u
r
n

i
n

g
 
V

e
l
o

c
i
t
y

 
S

 
[
c
m

/
s
]
 

L
0

1700K 

20 

1500K 

0 0 

0.4 0.6 0.8 1.0 0.4 0.6 0.8 1.0 0.4 0.6 0.8 1.0 

Equivalence Ratio  φ [–] Equivalence Ratio  φ [–] Equivalence Ratio φ [–] 

(a) Hydrogen � � � � � � � � � � � � (b) Methane � � � � � � � � � � � � (c) Propane 

Fig.2 Variation of Laminar Burning Velocity S
L0

 with Equivalence Ratio φ 
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Fig.9 Variation of Markstein Number Ma with Equivalence Ratio φ
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