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Applying electric field to flame is regarded as a promising technique to enhancing combustion characteristics. A flame
applied electric field having better stability[1] and a sooting diffusion flame subject to electric field emitting less amount
of soot[2] have been reported.

Ions and electrons generated in hydrocarbon flames are usually not considered in combustion simulations since they are
very small in numbers and have little effect unless external electric field is applied. Therefore, eReactingFoam is written
based on reactingFoam, one of OpenFOAM'’s basic solvers for reacting flows, to simulate flames under DC electric field.
Models implemented in eReactingFoam and required data are briefly introduced here.

Drift-diffusion approximation is adopted to calculate charged species’ drift flux in species transport equation (eq. [1} the
last term of its left hand side).
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Electric drift of charged species induces net space charge p,. Space charge in applied electric field create momentum
source by Lorentz force (See eq.[2] the last term of its right hand side).
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Electric field E is calculated from electro-static potential ® (eq.|3)) and ® is obtained by solving Poisson’s equation (eq. @)
€0, €, n; and z; are repspectively vacuum permittivity, elementary charge, number density of ith species and charge number
of ith species.
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Hydrocarbon flames generate ions via chemi-ionization reactions [3}4]. Those reactions should be included in the reaction
mechanism to be used. The reaction mechanism consists of GRI-Mech 3.0[5] gas combustion mechanism and 3 chemi-
ionization reactions [4] were used for the following results.

Diffusivity and mobility of electrons are calculated using electron scattering cross section data. [6]

Diffusivities of ions are calculated assuming they have the same diffusivity of their parent neutral species. Cantera[7] is
coupled with the solver to calculate species diffusivities. Binary diffusivities are calculated using Stockmayer interaction
potential and mixture-average formula is used to caculate diffusion coefficients of species transport equations. Mobilities
of ions are calculated from their diffusivities using Einstein relation (eq. [5).
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A counterflow diffusion flame under DC electric field [8] was simulated. Figure[I]shows that two perforated metal plates
are placed at the ends of two nozzles (for fuel and oxidizer streams) to provide uniform electric field parallel to nozzle
axis.
2D-axisymmetric simulation was conducted using wedge type mesh. Dimensions and boudary conditions of the
computational domain are described in Figure 2] and Table[T].
Figure [3] shows overlays of streamlines and C'H mass fraction image for simulation cases with and without externally
applied electric field. Streamlines show flow modification by ionic wind and C'H images imply blue flame position. The
figure clearly shows flame position displacement toward the lower nozzle, which agrees with the experiment. However,
the model should be impoved to obtain quantitative prediction.
Currently implementation of (n,6,4) potential which models ion-neutral interaction and screened Coulomb potential
which models interaction between charged particles [9]] is in progress to calculate transport properties more accurately.
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Figure 1: Schematic of experimental setup, taken from [8]
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Figure 2: 2D-Axisymmetric simulation domain
Table 1: Boundary conditions
Upper Lower
Nozzle | Sheath | Wall Nozzle | Sheath | Wall
U 20 cm/s 20 cm/s | Slip 20 cm/s | 20 cm/s | Slip
T 300K [300K |-Z=0 |300K |300K |2Z=0
Yon, 0 0 2 =0 | 0.14046 | 0 2=0
Yoo 0.559989 | 0 2=0/0 0 2 =0
0 _ 9 _
Yn, 0.440011 | 1 57 = 0.85954 | 1 57 =0
Y; (neutral) 0 0 2=010 0 2=0
Y; (charged, +) | 0 0 2=0|2=0|2=0|2=0
Y; (charged,-) | Z =0 |Z=0 |Z=0|0 0 2=0
d 0 0 0 -2400 -2400 -2400
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Figure 3: Flow modification due to ionic wind induced by DC electric field. Upper electode at 0 kV in all cases. Left: Lower
electrode at 0 kV; Right: Lower electrode at -2.4 kV
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