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3. Bouncing flame

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

presentation
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Phenomenon

IN slow motion
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Presentation plan

CERLELL

Descriptionof the flame

Qualitativetheoreticalmodel
I —

Finalconclusions
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Flame

Diffusionflame

Oxygens not premixedwith fuel

Premixedilame

o o
O, 0,
O2 0,
O, + FUEL

Oxygens premixedwith fuel

Flameis highlyionizedgaswhosechemicalcompositionoriginatesfrom rapid
oxidation(combustior).
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Light sources

flame

Diffusionflame

Soot(mostlycarbon radiates
as ablackbody

Premixedflame

Lightradiatioﬁ Isaresultof
chemicalreactions
(chemiluminescence
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The electric field between parallel plates

_ —> _
E Electricafield intensitycan be
N approximately expressed as:
>
g r N
> = U
: "~ d
5 /
d
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E electrical fieldintensity, U¢ voltage applied between the plates,
d ¢ distance between the plates
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Electrostatic force exerted on charged particles

F ¢ electrostatic force, E intensity ofthe electric field,
g - charge
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Focus on a single charged particle

Smallertime and distance scales

® ‘sz EC‘
®
®
® @ ©

F=aE

¢ electrostaticforce,
E¢ electric fieldintensity,
g ¢ charge otthe particle

Larger time and distance scales

N U
<\$:>:|t: <\§’> KE

=5 Y %ﬁv

=~

L

<v>C meanvelocity of the particle ,
Ec the intensity of electric field,
k ¢ mobility ofthe particle, t- time

Dueto the collisions the ambient gasgainsmomentum
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The result of charge displacement

The electrical current density

The measure of density of flow of a conserved charg+

/
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] - the electric current density, <w>the meanspeed of charged particle; - the
intensity of electrostatic field, g the concentration of charged particlesg¢knobility, o
the charge of a single particle,.- electrostatic force
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Simple theoretical model

Assumptions:

i
J+

Flame is @hin generator of ions

The fuel is electricbl neutral
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Simple theoretical model

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

expressed in the following way (*):

i
J- J+

C ~ s
oL L
K,k

+

] ¢ the electriccurrentdensity
k ¢ the mobility of particles

(*) J. Lawton, P.J. May®,J.Weinberg
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Simple theoretical model

Due to the conservation of the charge, ths

(D

electrical current densities remain equal t

|

i P the value:
D g | o
i J+ — J
I/ a I < a I ] ¢ the electriccurrentdensity

(*) J. Lawton, P.J. MayBJWeinberg G 9f SOGNRAROI f / 2y INRTE
LIN2 OS&daSaé>x t NEPOSSRAYy3Ia 2F (UKS |w2
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The impact of mobility

Diffusionflame

Premixedflame

Charge carriers:
Soo{mostlycarbon) (+)
Positive ions(+)

Negative ions{
Free electrons]

Charge carriers:
Positive ions(+)

Negative ions
Free electrons]

K, <k_|

Kok
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The impact of mobility

Diffusionflame Premixedflame

 Theresultant force actingon diffusion flame is directed towards
the plate with lower electricalpotential, howeverthere isno
enhanceddirection, in which the resultant force for premixed
\_ flame acts )

k. <k | k. °k
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Experimental

setup
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Experimental setup

[ Voltage s

divider 7
— R
, 7 )

{;‘Fs |

L]
= -

T

%

N HighvoltageDC
generator

.
.

v
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Experimental setup

Burner

Voltmeter | Meica) i =
metal plat [ ¢S Of d}Q

LPG gas
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Experimental setup change

[ Screen ]—*

Flame|

[ Metal plates ]

[ Projector ]\

\
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The image on the screen

Metal Plate ]
Flame ]
Burner ]
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Gas flow In the premixed flame
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Gas flow

In the premixed flame

The speed of the gas towards
both plates is approximately
equal.

The flame does not deviate

Kok
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Gas flow

In the diffusion

flame
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Gas flow

In the diffusion flame

The speed of the gas toward
both platesis NOTequal.

S

The flame does deviate
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Gas flow In the diffusion flame

{ Only the diffusion flame will be of our interest J
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The measurement of flame height

v

/‘—_)x\;

H flame — yup = Ydown

ydown | - 5

Everypoint presentedon the graphis a meanvalueof over450 measurements
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The change of height

The diffusion flame height

depending on electric field produced by charged metal plates
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The change of height

The diffusion flame height

depending on electric field produced by charged metal plates
10.5
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Electric fieldintensity is the conclusiveparameter

Electric field intensity [V/m]
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The deviation of the flame

Poland
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Defining the deviation angle

y A
Geometric center
of a flame
Deviation angle

X

Everypoint presentedon the
graphisameanvalueof over
450 measurements

The middle of
Burners nozzle
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The deviation angle change

Deviation Angle [°]

The deviation angle of diffusion flame as a function

o of electric field intensity
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The deviation angle change

The deviation angle of diffusion flame as a function
of electric field intensity

94
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Electric fieldintensity is the conclusiveparameter
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Flame oscillation 1 bouncing 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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