


Place a flame (e.g. from a Bunsen burner) between two charged parallel metal 
plates. Investigate the motion of the flame.

3. Bouncing flame
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Phenomenon presentation
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Phenomenon in slow motion
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Presentation plan
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Descriptionof the flame

Qualitativetheoreticalmodel

Experimentalpart

Finalconclusions



Flame

Diffusionflame Premixedflame
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Flameishighlyionizedgas whosechemical compositionoriginatesfrom rapid
oxidation(combustion).

Oxygenisnot premixedwith fuel Oxygenispremixedwith fuel



Light sources in flame

Diffusionflame Premixedflame
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Soot(mostlycarbon) radiates
as a blackbody

Lightradiationisa resultof 
chemical reactions

(chemiluminescence)



The electric field between parallel plates
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d

U
E=

Electricalfield intensitycan be 
approximately expressed as:

E ςelectrical field intensity, U ςvoltage applied between the plates,
d ςdistance between the plates
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Electrostatic force exerted on charged particles
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F ςelectrostatic force, E ςintensity of the electric field,
q - charge
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Focus on a single charged particle
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EqF
CC

=

Smallertime and distance scales

Larger time and distance scales

F ςelectrostaticforce, 
E ςelectric field intensity,
q ςcharge of the particle

<v>̀ςmeanvelocity of the particle , 
E ςthe intensity of electric field, 

k ςmobility of the particle, t- time

Dueto the collisions, the ambient gas gainsmomentum
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The result of charge displacement
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The electrical current density:

j - the electric current density,  <v> ςthe meanspeed of charged particle,  E - the 
intensity of electrostatic field, n ςthe concentration of charged particles, k ςmobility, q-

the charge of a single particle, Fele- electrostatic force

The measure of density of flow of a conserved charge
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Simple theoretical model

Poland

Assumptions:
Flame is a thin generator of ions

The fuel is electrically neutral

E
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Simple theoretical model

Poland

The electrostatic force acting on a volume of gas, 
within which charge carriers are present, can be 

expressed in the following way (*):
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j ςthe electric currentdensity,
k ςthe mobility of particles

(*) J. Lawton, P.J. Mayo, F.J.WeinbergΣ ά9ƭŜŎǘǊƛŎŀƭ /ƻƴǘǊƻƭ ƻŦ Ǝŀǎ Ŧƭƻǿǎ ƛƴ ŎƻƳōǳǎǘƛƻƴ 
ǇǊƻŎŜǎǎŜǎέΣ tǊƻŎŜŜŘƛƴƎǎ ƻŦ ǘƘŜ wƻȅŀƭ {ƻŎƛŜǘȅ ƻŦ [ƻƴŘƻƴΣ мфсу
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Simple theoretical model

Poland

j ςthe electric currentdensity

(*) J. Lawton, P.J. Mayo, F.J.WeinbergΣ ά9ƭŜŎǘǊƛŎŀƭ /ƻƴǘǊƻƭ ƻŦ Ǝŀǎ Ŧƭƻǿǎ ƛƴ ŎƻƳōǳǎǘƛƻƴ 
ǇǊƻŎŜǎǎŜǎέΣ tǊƻŎŜŜŘƛƴƎǎ ƻŦ ǘƘŜ wƻȅŀƭ {ƻŎƛŜǘȅ ƻŦ [ƻƴŘƻƴΣ мфсу
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Due to the conservation of the charge, the 
electrical current densities remain equal to 

the value:
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The impact of mobility

Diffusionflame Premixedflame
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Charge carriers:
Soot(mostlycarbon) (+)

Positive ions(+)

Negative ions(-)
Free electrons(-)

Charge carriers:
Positive ions(+)

Negative ions(-)
Free electrons(-)

-+<kk -+ºkk



The impact of mobility

Diffusionflame Premixedflame
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Theresultant forceactingon diffusion flame is directedtowards
the plate with lower electricalpotential, howeverthere is no 
enhanceddirection, in which the resultant force for premixed

flame acts.
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Experimental setup
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Experimental setup
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High voltageDC 
generator

Voltage
divider



Experimental setup
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Voltmeter ¢ŜŎƭǳΩǎ
Burner

LPG gas

Vertical, 
metal plates
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Projector

Metal plates

Flame

Screen

Experimental setup change
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The image on the screen
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Metal Plate

Flame

Burner



Gas flow in the premixed flame
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Gas flow in the premixed flame
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The speed of the gas towards 
both plates is approximately 

equal.

-+ºkk

The flame does not deviate

+ -



Gas flow in the diffusion flame
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Gas flow in the diffusion flame
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The speed of the gas towards 
both plates isNOTequal.

The flame does deviate
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Gas flow in the diffusion flame
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Only the diffusion flame will be of our interest



The height change in the flame
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The measurement of flame height
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Everypoint presentedon the graphisa meanvalueof over450 measurements



The change of height
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The change of height
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Electric field intensity is the conclusiveparameter



The deviation of the flame
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Defining the deviation angle
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x

y

Geometric center 
of a flame

The middle of
Burners nozzleʰ

Deviation angle

Everypoint presentedon the
graphisa meanvalueof over

450 measurements



The deviation angle change
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The deviation angle change
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The deviation angle of diffusion flame as a function

of electric field intensity
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VElectric field intensity is the conclusiveparameter



Flame oscillation ïbouncing flame
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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Hypothesis
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