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In SI engines, combustion is initiated by an electrical discharge which produces a high -
temperature plasma channel between the spark plug electrodes . The ignition process
can be divided into three phases which occur in the following order [ 1] :

ÁBreakdown phase

ÁHigh voltage , high current

ÁHigh power level ~ 1 MW

ÁDuration ~ 1 ns

ÁLittle energy supplied < 1 mJ

ÁArc phase

ÁDrop in voltage and current

ÁHigh losses to electrodes

ÁDuration ~ 1 ȉs

Á Little energy supplied ~ 1 mJ

ÁGlow phase

Á Increase in voltage , further drop in current

Á Lowest power level ~ 10 W

ÁHigh losses to electrodes

ÁDuration < 2 ms

ÁHighest energy supplied (> 30 mJ)

SPARK IGNITION PROCESS
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Recent experimental results on spark ignition and early flame kernel
development show that the first single flame kernels form at specific
positions along the spark channel and after a specific time delay after the
instance of the breakdown . It suggests that additional effects, such as
ignition delay and spark channel curvature need to be accounted for.

Examples of localized ignition [ 7]

Distinct locations of ignition along the spark -channel [ 6]

SPARK IGNITION EXPERIMENTS
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In order to model the whole ignition process in SI engines, several
phenomena need to be accounted for and modeled separately :

ÁElectrical circuit

ÁSpark channel dynamics

ÁIgnition delay

ÁInitial flame kernel formation and growth

ÁTransition from kernel model to the combustion model

Several ignition models for 3D CFD combustion modeling have been
developed during last 20 years . Each of them is based on different
assumptions and represents different complicity and accuracy .

Summary of the most important models available in the literature is
given in the Table 1.

SPARK IGNITION MODELING
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SPARK IGNITION MODELING

Model/
properties

DPIK AKTIM SparkCIMM CLFKM CADIM

Year 1999 [2] 2001 [3] 2009 [4] 2014 [5] 2016 [6]

Electrical
circuit

None Modeled None Modeled None

Spark plug
Lagrangian

Particles
Lagrangian 

Particles
Meshed Meshed Meshed

Spark 
channel

None
Lagrangian

particles
Lagrangian 

particles
Lagrangian

particles
Lagrangian

particles

Ignition
delay

None None 1D model Non e
1D chemical 

kinetics

Curvature
effects

None None None None
Included in

ignition delay

Kernel
position

Between
electrodes

Calculated
position

Calculated
position

Calculated
position

Calculated
position

Number of 
flame

kernels
Single Multiple Multiple Multiple Multiple

Restrikes None Based on EC > 10 mm Based on EC None

Combustion
model

Time -scale ECFM G-equation ECFM G-equation

Table 1. Comparison of available ignition models . 
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Based on review of available ignition models and recent experimental studies
on the spark ignition, it was decided that CADIM model should be
implemented in the AVL Fire solver with some additional improvements

IGNITION MODEL IMPLEMENTATION

Model/
properties

CADIM AVLCADIM

Electrical circuit None Modeled

Spark plug Meshed Meshed

Spark channel Lagrangian particles Lagrangian particles

Ignition delay 1D chemical kinetics Tabulated kinetics

Curvature effects
Included in ignition

delay
Included in ignition

delay

Kernel position Calculated position Calculated position

Number of spark
plugs

Single Multiple

Restrikes None Electrical circuit

Combustion model G-equation
EFTM( G- equation )

ECFM/ECFM - 3Z

Table 2. Improvements of the model implemented in AVL Fire . 
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The presented ignition model is based on the assumption that spark
plasma temperatures are much too high to allow the species
present in normal combustion products to exist and combustion
reactions take place at the outer plasma surface where conditions
are ideal for rapid chemical activity .

OVERVIEW OF AVLCADIM

The AVLCADIM ignition model is 
comprised of five different sub -
model s:

ÁSpark Channel model

ÁElectrical Circuit model

ÁTemperature Diffusion model

ÁIgnition Delay model

ÁInitial Kernel Growth model
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SPARK CHANNEL MOVEMENT

Á Spark channel is represented by a set of Lagrangian particles

Á Particles move according to the velocity interpolated from 3D domain
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ELECTRICAL CIRCUIT

Á Firstly, it is necessary to solve the electrical
circuit model to obtain the correct amount of
energy transferred to the spark channel . In
the AVLCADIM model only secondary
electrical circuit of the ignition system is
modeled

Á The energy Es and the current is change

Á The inter -electrode and gas -column voltage

Á The energy supplied to the spark channel
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TEMPERATURE DIFFUSION

ÁAVLCADIM is based on a solution of the 1D Heat Equation at the surface of the spark
channel, which allows to account fo r the curvature effects . The equation transformed
in the K-coordinate system is as follows

where ȇ2 and ȇ3 are curvatures in the K2 and K3 direction .

ÁThe equation is solved with FDM. The heat transfer from the spark towards K-domain
is described with the Neumann boundary condition at the first grid point point . The
other boundary condition is the Dirichle t condition and corresponds to the
temperature of unburnt mixture


