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Introduction
In most combustion processes elementary reactions

take place that produce electrically charged species and
these charged species can have quite a pronounced ef-
fect on flame properties. Generally an electric field is
applied to the flame and the movement of the reaction
zone as a function of the applied electric field is stud-
ied. This effect has been studied extensively by numerous
researchers, both experimentally (Fialkov [1997]; Good-
ings et al. [1979a,b]; Wortberg [1965]) and numerically
(Belhi et al. [2010]; Cancian et al. [2013]; Jones et al.
[1972]; Prager et al. [2007]).

These studies are primarily focussed on the con-
centration of charged species (Cancian et al. [2013];
Goodings et al. [1979a,b]; Jones et al. [1972]; Wortberg
[1965]), or the effect of the electric field on flame sta-
bility and stand-off distance to the burner deck (Belhi
et al. [2010]; Prager et al. [2007]). Fialkov [1997] gives
a rather complete overview of the available literature and
experimental work in the field.

Recently a physical and numerical model was devel-
oped at Eindhoven University of Technology to predict
the electric currents that are encountered in flat methane-
air flames (Speelman et al. [2015a,b]). This model qual-
itatively predicts the electric currents that were found by
Peerlings et al. [2013]. The model is used to adapt the
chemical mechanism and the transport properties in order
to improve the numerical predictions made by the model.
The draw-back of this model is that is only viable for flat
flames.

The aim of this study is to extend the flat flame model
to a model that is suitable to investigate the effect of elec-
trode and burner geometries, because preliminary studies
indicate that geometrical effects can have a significant ef-
fect on the electric field and as such on the electric cur-
rent.

Multi-dimensional model
The model couples the Flamelet-Generated Manifold

technique van Oijen and de Goey [2000] to the ANSYS R©
Fluent, Release 14.5.7 CFD solver. Two controlling vari-
ables are chosen to represent the flame behavior. The
primary controlling variable is chosen to be the reaction
progress variable CO2 and the second controlling vari-
able is the enthalpy to model the heat loss to the burner
deck, because this important in the operation of the Heat
Flux Burner Bosschaart [2002].
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Figure 1: Experimental set-up with electrodes and flame.

To model the behavior of the electric field and the charged
species in the flow a set of three coupled equations is
added to the model. The first is Poisson’s equation for
the electric potential, given by (Lieberman and Lichten-
berg [1994])

~∇2
Φ =−~∇ ·E =− q

ε0
, (1)

where Φ represents the electric potential, E is the elec-
tric field strength and the charge density is given by q.
The behavior of the electrons and ions is modeled using a
transport equation which includes electric diffusion. This
is represented by

∂ ρYi

∂ t
+~∇·(ρYiv)+~∇ ·(SiρµiYiE)−~∇·

(
λ

Leicp

~∇Yi

)
= ω̇i,

(2)
where Si represents the charge number (1 for ions and −1
for electrons) of species i, µi represents the species elec-
tric mobility. In figure 2 it can be observed that this elec-
tric mobility is independent of the applied electric field
and as such they are stored in the manifold.

In equation 2, ω̇i is the charged species source term,
which is stored represented by a production and a con-
sumption term. The production term is stored in the man-
ifold, because it is independent of the applied electric
field (Green and Sugden [1963]) and the consumption
term is computed from the chemical source term accom-
panying the recombination reaction, given by

H3O++ e− −−⇀↽−− H2O+H. (C.1)
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Figure 2: Electric mobility of electrons.

Finally the electric current is computed in a post-
processing step from

J =
NS

∑
i=1

qi (v+Vi) , (3)

where NS represents the number of charged species and
Vi is the diffusion velocity of species i.

Validation set-up
To study the results of the numerical model, experi-

mental work performed by Bosch Thermotechnology and
at Eindhoven University of Technology is performed with
a premixed burner stabilized flame and a adiabatic flat
flame. The Bosch experimental setup uses a McKenna
burner and the TU/e setup uses a Heat Flux Burner. The
setup is shown in figure 1. These set-ups have been simu-
lated with the CHEM1D one-dimensional flame code for
a range of externally applied voltages and a range of dif-
ferent equivalence ratio’s in Speelman et al. [2015a,b].

Figure 3: Comparison of saturation voltage for different
electrodes (Source: Bruinsma [2015]).

The Heat Flux Burner set-up has also been investigated
experimentally by Bruinsma [2015] for two different
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Figure 4: Preliminary simulation of electric field strength
for different electrodes.

downstream electrodes. The first electrode that has been
studied is a flat electrode, as is used by Peerlings et al.
[2013]. This electrode applies a quasi-one-dimensional
electric field to the flat flame to ensure good comparibil-
ity with one-dimensional simulations.

The second electrode is a pin electrode that is placed
over the centerline of the flame and geometric effects
might play a role in this case as can be found from a com-
parison between the saturation potentials for the different
electrodes (see figure 3). An a-priori simulation, which
assumes the basic one-dimensional charged distribution
also holds in for the different electrodes is displayed in
figure 4 and this immediately shows a vast difference be-
tween the electric fields for the two different electrodes.
For this reason, this will be investigated further in this
research.
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