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How Far Can We Take Advantage of Combustion Characteristics of Fuels?
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Abstract: How far can we take advantage of combustion characteristics of fuels? It depends on how well we know about the
combustion properties of fuels. The effect of modifying or changing fuels on the SI combustion has been investigated in
terms of the fundamental combustion properties calculated by detailed kinetic models. Several previous studies suggested
that the lean limit of SI combustion is significantly improved by the additives like nitromethane and by using high octane
sensitivity fuels. The effects of the addition of nitromethane to methane and butane have been investigated based on the
extinction flame stretch rate as well as the well-known properties including ignition delay time and laminar flame
propagation velocities. The results suggested that the addition of nitromethane or the increase of octane sensitivity expands
the lean and stretch extinction limit of early flame propagation. Also, recent experimental works have identified ethanol as a
fuel with extended lean limit for SI combustion due to improved anti-knock and initial flame propagation. However, a part of
reason may be in the smaller molecular weight and size which decrease Lewis number. For the elucidation of the effect of
this Lewis number on the flame stretch-extinction behavior, numerical calculations have been performed by artificially
modifying the collision diameters of the fuel molecules. The results indicate that both Lewis number and chemistry affects
the extinction limit in the same order of magnitude.
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Fig. 1 Correlation and comparison of octane ratings MON and RON
[1, 2] for pure substances.
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Fig.2 Temperature dependence of ignition delay times of stoichiometric
fuel/air mixtures under 2 MPa. PRFnn are primary reference
fuels for octane number nn. SSH and SS5R are five-component
gasoline surrogates for JIS #1 and #2 gasolines.
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Fig. 3 Temperature dependence of ignition delay times of stoichiometric
fuel/air mixtures under 2 MPa for cyclopentane, butane, butane
+ 5% nitromethane and gasoline surrogate S5R.
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Fig. 4 Calculated laminar burning velocity S.° of CHy (+nitromethane)
/ air, butane (+nitromethane) / air and cyclopentane / air mixtures
under 2 MPa and 700 K. (@) equivalence ratio ¢ dependence
from 0.6 to 1.4. (b) burning velocities at ¢ = 0.6 only (expanded
for comparison).
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Fig. 5 Effects of the addition of nitromethane CH3NO; to methane CH4
on the extinction stretch rate calculated by the premixed laminar
flame with opposed non-reactive nitrogen stream under 2 MPa
and unburned temperature of 700 K (burner gap =2 mm).
(a) Stoichiometric CHs flame with added nitromethane of 2 and

4% (mole fraction to fuel).
(b) Lean (¢ = 0.6) CH4 flame with added nitromethane.
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Fig. 6 Effects of nitromethane CH3NO; addition to butane C4Hjo on the
stretch-extinction behavior calculated for the premixed laminar
flame with opposed non-reactive nitrogen stream under 2 MPa
and unburned temperature of 700 K (burner gap = 1 mm).

(a) Stoichiometric C4H1o flame with added nitromethane of 5 and
10% (mole fraction to fuel).
(b) Lean (¢ = 0.6) C4H1o flame with added nitromethane.
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Fig. 7 Constant-volume ignition delay times of lean (¢ = 0.5) fuel-air
mixtures at 40 bar for premium gasoline surrogate S5H, S5H
mixed with furan and nitromethane, and ethanol.
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Fig. 8 Stretch-extinction response curves for the premixed laminar
cyclopentane/air flame with opposed nitrogen stream under 2
MPa and unburned temperature of 700 K (burner gap = | mm).
(a) Stoichiometric cyclopentane flame in comparison with
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(b) Lean (¢ = 0.6) cyclopentane flame in comparison with butane
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Fig. 10 Laminar burning velocities of ethanol-air and butane-air
mixtures at 2 MPa and 700 K.
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Fig. 11  Flame stretch-extinction behavior of ethanol-air and butane-air
mixtures with varied Lewis numbers by changing the collision

diameters () at lean (¢ = 0.6) and () stoichiometric conditions.
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Fig. 12 Extinction stretch rate calculated by varied Lewis number by
changing the collision diameter of fuel.
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Fig. 13 Flame stretch-extinction behavior of alkane-air mixtures under
lean (¢ = 0.6) conditions at 2 MPa and 600 K.
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