S 3. Bouncing Flame
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Place a flame (e.g. from a Bunsen burner) between two charged parallel metal plates.
investigate the motion of the flame.



PresentationrPlan

1.The structure of Bunsen burner-and candle flames
X Temperatures in flames

X lon structure of flames
X Dynamics of combustion process

2.The influence of electric and.magnetic fields on the flame
X lonic wind

X Transformation of electric energy into thermal energy
X Direct influence of electric field on combustion process

3.Experiments.and-measurements

X Temperature and lon distribution measurements in flames
X Influence of different electric fields on flames

X Influence of magnetic fields on flames
X Current fluctuations in flame

4. Conclusion



FLAME STRUCTURE

Zonel (UnburnedgasPreheatzone)
- unburnedgasis beingheatedup to burningtemperature.

Zone2 (Luminousinner cone) flame front
- reactionzone,where chemicalreactionsare held on.

Zone3 (Outer coneof flame) Productzone
- Wherefinal burningproceeds

chimney

regulating
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DYNAMICS OF COI\/IBUSTION

w ¢ Reaction speed (i.e. how fast is burning reaction process);
u, ¢ Flame front normal velocity

Usow GIncoming gas flow velocity;

v C gas consumption;

Se ¢ Flame front (internal cone) surface area;

h. ¢ height of internal cone;

P ¢ half-angle of top of internal cone;

a ¢ thermal conductivity.

Flame front normal velocity describes the combustion (burning) process
u,~Vaw (1)
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For the given gas mixture
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lons iin IFlame

An flames there are charged particlesions.
Alonsin flamesare createdmainly by chemicalionization
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Existence of ions in flames causes possibility of influence of electric and magne
fields on flames



Influence of iElectrc Field ron FHlame

1. lonic Wind

A lons flow along the field lines entraining the neutral particles with themselves.

2. Transformation of electric field energy into thermal energy within flame.

Current flow through the flame increases the flame temperature
According Arrhenius equation
Ex
w=Ae kT
this increases chemical reaction speed
HereA - pre-exponent factor

Ey cal! OO A @I G x ;higimad efiSgy Heessary to reaction to proceed
k - Boltzmann constant
T - Temperature V Flame Temperature

_ _ o ~ VFlame lonization level
3. Direct influence of electric field on combustion v/chemical reaction speed

(4)

A Additional polarization of interacting particles V Combustion speed
A Electrons and ionexisting in flamecquire V Flame height and surface area
additionalenergy V Flame Shape



EXPERIMENTS

Our 'Installation
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Measurement of Temperature
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Measurement of Conductivity
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Temperature
and
Conductivity

AThe highest conductivity is in the reactio
zone and a little above it.

AThus the highest concentration of ions i

in reaction zone and a little above it.

A This can be caused by the ions entraine
by gas flow from the reaction zone.

Alon concentration has a sharp peak, whil
temperature distribution is not so steep.
This points towards
nature in flames rather than thermal
ionization.

Conductivity (uS/m)
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Application of Electrnic Flelddto! Flam
1. Longitudinal applicationPositive pole at burner.

a. lonic windis in flame direction
I Flame "blow off" possibility increases
I Flame height must increase

b. Temperature growth
I Due to flow of electric current through flamé&mperature increases
I Combustion speed does increase
I Flame front surface area and height must decrease

c. Direct influence of field on combustion process
I Electrons are accelerated towards positive burner against gas flow
I Their collisions with particles creates more active centers and ions
I Electric field polarizes gas molecules
I Reaction and Combustion speed does increase
I Flame front surface area and height must decrease

In this case processes (b) and (c) together act more effectively than (|

Videos on the next page




Video 1
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In our case processes (b) and (c) together acted more effectively then (a). Video.2
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Alis Video\Video1 13cm +qvemot.wmv
Alis Video\Video3 mov9263  BLOW OFF Plus below.wmv

Temperature and conductivity increase at field influence

)
T Temperatureincreasesapproximatelyby 20%. f
T Conductivity increaseslO0Otimes.
T So do increase the concentrations of ions.
T This causes high increase of combustion speed.

A6 8 Lb 9 S b} gh 2 JHING

Temperature increase Video

Resistance decrease i.e.

conductivity increase
Video

For very strong upward field or high gas flow
speed flame still can be blown off.

Blow Off
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Application of Electrnic Flelddto! Flam

2. Longitudinal applicationPositive pole above burner.

e e —

a. lonic windis towards burner.
T Flame tries to rush into burner

I Due to flow of heavy positive ions towards the burner, thegh
temperature and reaction zone also moves down towards the burner

I Flame front and height decrease
I Flame "blow off" possibility decreases

b. Temperature growth
I Due to flow of electric current through flamé&mperature increases
I Combustion speed does increase
I Flame front surface area and height must decrease

c. Direct influence of field on combustion process
T Heavy positive ions are accelerated towards positive
burner against gas flow. Their collisions with particles
causesadditional ionization
T Electric field polarizes gas molecules
T Reaction and Combustion speed does increase
T Flame front surface area and height must decrease @ neutrals

@ clectrons

Aswe cansee,in this caseprocess(a) changeshe flame shapeeffectively K - ——— i
andd LJNB ﬁ ﬁ) g-]é erner. burner head 1 electric field burner head
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Application of Electric Fieldto|Flame
3. Normal application.

A Positive electrode is to the left side and
negative to the right side

A Most significant effect of electric field is in
the vicinity of the reaction zondevel.

A Upper part of flame bends to the right and
lower ¢ to the left. This shows that there
does exist thecharge separationn the flame.

A Two jets of smoke flowing towards
electrodes.

A lon absorption by smoke particles



