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Numerical models of a laminar premixed methane-air flame affected by weak direct-current 
electric field have been built in both one-dimensional (1D) and two-dimensional (2D) 
approximations. The 1D model was created using the CHEMKIN Premixed code, while the 2D 
model is based on the modified ANSYS CFX hydrodynamic solver. Both models take into 
account the detailed chemical schemes of hydrocarbon fuel oxidation.  

Ionization by direct electron impact can be neglected for weak electric fields are well 
below the breakdown threshold. The equilibrium electron concentration in the hydrocarbon-air 
mixture at the atmospheric pressure and a burning temperature of the order of 2000 K does not 
exceed  1014 m-3, which seems to be a very small value to create a remarkable conductivity in 
the flame zone [Bradley, 1986]. For this reason the only valuable source of charged particles is 
ionization through chemical reactions (chemi-ionization). The history of investigation of 
charged particles generation in flames started almost simultaneously with investigation of 
flames themselves. However, a reliable quantitative information on rates of various individual 
processes leading to ion formation has become available only recently [Goodings, 1979], 
[Fialkov, 1997]. 

Simulations of electric field 
effects on a flame in a one-dimensional 
approximation were performed under 
conditions of [Altendorfner, 2007]. A 
burner with a 60-mm diameter supplied 
with a water-cooled nozzle was placed in 
a low-pressure chamber. A high-voltage 
ring electrode was fixed 60 mm above 
the grounded burner exit section. The 
voltage at the electrode could have either 
positive or negative polarity. Spatial 
distributions of temperature under the 
experimental conditions of 
[Altendorfner, 2007] are compared in 
Figure 1. Both experiment and 
simulation demonstrate a decrease in the 
temperature gradient at the flame front 
when a voltage of positive polarity is 

applied. This is a direct consequence of the flow deceleration in the preheating region and 
therefore increased heat conductivity upstream. Good quantitative agreement between measured 
and simulated temperature profiles shows the adequacy of the flame model built.  
Analysis of processes in flames using two-dimensional geometry seems to be of much greater 
interest for real applications. Such analysis is rather complicated because it requires a 2D-
simulation of ion and electron transport in a self-consistent electric field that takes into account 
detailed chemical kinetics. Switching to the two-dimensional modeling requires a computational 
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Figure 1.  Effect of volume force on the temperature 
profile. Comparison between calculated and measured 

profiles. 
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mesh considerably more coarse than the one-dimensional case. The ability of the model to 
reproduce the details of the flame front structure is much lower than in the one-dimensional 
case. However, the two-dimensional approach is able to analyze a spatial distribution of charged 
particles and flow patterns with more realistic electric field distribution beside the high-voltage 
electrode. 

Volume charges and volume forces, shown in Figure 2, are of different signs 
(directions) at these locations. The volume force applied to the gas near the burner is directed 
against the flow when the high voltage electrode has positive polarity. The force decreases the 
flow velocity at the circumference of the flow and, consequently, leads to more complete 

combustion. A negative volume 
charge appearing near the tip of the 
conical flame front is attracted to the 
positively charged electrode, 
accelerating the flow and stretching 
the flame. Nevertheless, the 
completeness of the combustion does 
not decrease, because the central 
zone of the flame is surrounded by a 
high-temperature exhaust gas. 

Spatial distribution of the 
positive charge has its own 
peculiarities in the two-dimensional 
case. As Figure 2 shows, the positive 
charge “slips” along the conductive 

surface of the flame cone moving in the direction to the base of the flame. Note that number 
density of volume charge in the inner part of the cone remains almost zero. This feature 
provides a qualitative explanation for the relatively weak effect of the electric field on the 
conical flame [Altendorfner, 2007]. Due to the low number density of volume charge and the 
almost fully screened electric field inside the flame cone, the volume force is small in the region 
of the main reagent flow and it therefore cannot lead to noticeable changes in the overall flow 
pattern.  

The physical and numerical 1D and 2D models of laminar premixed methane-air flame 
in a weak direct-current electric field have been built. The main influence on the flame is shown 
to be a volume force appearing when a self-consistent electric field creates a non-compensated 
volume charge. The latter originates from the chemi-ionization of the combustion products and 
from the separation of opposite charges in an external electric field. The scale of the effect is 
estimated numerically and the models show that it is possible to control the flame structure and 
combustion completeness of slow laminar flames. Both the 1-D and 2-D simulations take into 
account the detailed kinetics of the chemistry occurring in the flame, and they show good 
qualitative agreement with experiments. The 1-D model quantitatively describes the decrease in 
the temperature gradient at the flame front in the presence of an electric field. The 2-D model is 
able to reproduce the increase in combustion completeness as well as the decrease in the 
concentration of carbon monoxide in the exhaust gas. 
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Figure 2. Volume charge and volume force. U = 4.6 kV. 
Conical flame, Vfeed = 1.5 m/s 


