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Abstract

We present in this short communication a modification to our previous ethanol reduced com-

bustion chemistry [1] that fixes the nonphysical values of the species concentrations obtained

during the combustion of an isolated ethanol droplet. The unsteady test used here encom-

passes non-homogeneous autoignition, rich and lean premixed flame propagation, a diffusion

flame as well as a the presence of a cold boundary at the droplet surface. Production and

consumption of the vynil alcohol intermediary species become different during the computa-

tions and the steady state hypothesis used during the derivation of the reduced scheme fails.

The calculation of the concentration of the CH3CHOH using the conservation equation and

a slight modification of the reaction rates, fixes the problem.
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A new multipurpose skeletal and reduced chemical-kinetic mechanisms has recently been

derived for ethanol combustion, identifying 66 elementary steps that are sufficient and em-

ploying them to define a 14-step reduced mechanism involving 16 species, obtained through

the introduction of suitable steady-state approximations of 15 intermediary species [1]. The

14-steps reduced mechanism was developed with the aim of obtaining a fast and robust mul-

tipurpose chemistry, able to cope with different combustion problems. It was satisfactory

tested in [1] against the results obtained with a full chemistry chemical kinetics in calculating

premixed flame burning-velocity, diffusion-flame, and autoignition experiments. Following

that spirit, we have applied this reduced kinetic mechanism to compute the unsteady va-

porization and combustion of a single ethanol droplet. This problem is far more stringent

than the tests used to validate reduced mechanisms [1, 2] and encompasses non-homogeneous

autoignition, rich and lean premixed flame propagation, a diffusion flame as well as a the

presence of a cold boundary at the droplet surface.

We consider here the case of a single droplet in an infinite stagnant ambient without gravity

or forced flow so that the flow has spherical symmetry with the distance to the droplet center
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r representing the only spatial coordinate. The transient problem is described using the for-

mulation described in [3], that is based in the formulation given by [4]. The simulation starts

at t = 0 by placing a single liquid droplet with initial radius a0 at temperature Tl into a hot

atmosphere at temperature T∞ > tl. At t > 0, the liquid ethanol starts vaporizing mixing

with the surrounding air. Given the right conditions, the autoignition of the mixture takes

place at t = ti at a distance r = Ri, giving birth to a lean premixed flame, that moves away

from the ignition point before extinguishing, and a rich premixed flame, that propagates

towards the droplet surface. Once all the fuel between the ignition point r = Ri and the

droplet surface r = a0 is consumed, the rich premixed flame evolves towards an unsteady

unsteady diffusion flame that travels to achieve its final quasi-steady position.

During the simulations it was found that the both the skeletal and reduced mechanisms

give autoiginition times in good agreement with the full San Diego mechanism. However,

after ignition, during the transition to the quasi-steady droplet combustion, the simulations

with the reduced mechanism stalled shortly after ignition giving nonphysical values of the

species concentrations. To investigate this point, we plot in Fig. the time evolution of the

maximum temperature as obtained using both the skeletal and the reduced mechanism, with

the symbol indicating where the reduced mechanism fails.

Detailed analysis revealed that the quasi-steady hypothesis fails for the intermediate species

vynil alcohol (CH2CHOH) in the course of the highly unsteady transition, as shown in the

insets of Fig. 1 where is clear that production and consumption rates are different at this time

but not before. This issue was not detected in [1] and suggests a slight modification of the

original reduced mechanism proposed by Millan et al that implies relaxing the quasi-steady

assumption for vinyl alcohol leading to a more robust 15-steps, 17 species reduced combus-

tion mechanism. As shown in Fig. 1, the mechanism gives essentially the same results as

the skeletal mechanism and the simulation can be continued all the way to the quasi-steady

solution beyond the point where the 14-steps mechanism stalled.

Droplet auto-ignition times obtained with the new 15-steps reduced mechanism are in good

agreement with results obtained with both San Diego and 66-steps skeletal mechanism, as

shown in Fig. 2. Furthermore, the tests carried out in [1] gave the same results as the

original 14-steps reduced mechanism with computational times than increase only around

2%. The new reduced mechanism here developed constitutes the only reduced mechanism

successfully tested in a combination of unsteady combustion phenomena found typically in

practical combustion applications making the calculations between 11 and 38 times faster.
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