3. Kmitajuci plamen
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Umiestnite plamen (napriklad Bunsenov
horak) medzi dve paralelneé nabite
kovove platne. Preskumajte pohyb

plamena.



Bunsenov horak (Bunsen burner)

Hottest part of the flame
Unburnt gas

535 g Adjustable air hole {
supply g

Air-hole completely open: Air-hole completely closed:
non-luminous, roaring flame luminous flame




Plamen (Flame)

e Vznika pri horeni
« Chemicka reakcia exotermicka, oxidacna — uvolnuje teplo
Zemny plyn — hlavne metan

CH4 +2 02 —» CO2 + 2 H20 + 891 kJ/mol (at standard conditions)

V skutoCnosti ovela zlozitejsie - 53 Castic and 325 elementary reakcii,
hlavne radikalovych (medziprodukty)

« Difuzny plamen (diffusion flame) - oxygen and fuel diffuse into each
other; where they meet the flame occurs.

* PredmieSany plamen - premixed flame, the oxygen and fuel are
premixed beforehand — otvoreny Bunsenov horak

« Bunsen burner flame 900-1600 °C (depending on the air valve,
predmieSany vysSia teplota)

« Zdroj: Wikipedia


http://en.wikipedia.org/wiki/Kilo-

Difuzny plamen

80 mm 80 mm 80 mm 80 mm
70 mm 70 mm 70 mm 70 mm
60 mm 60 mm 60 mm 60 mm
50 mm 50 mm 50 mm 50 mm
40 mm 40 mm 40 mm 40 mm
30 mm 30 mm 30 mm 30 mm
20 mm 20 mm 20 mm 20 mm

10 mm 10 mm 10 mm 10 mm

0 mm L 0 mm — 0 mm LS 0 mm

Vertikalna rychlost
V= 4 14 20 26 m/s

A. Vincent-Randonnier: Plasma assisted combustion: effect of a coaxial DBD on
a methane diffusion flame, Plasma Sources Sci. Technol. 16 (2007) 149-160



Rychlost’ plamena (Flame velocity)

Empiricky vztah pre CH,: v [cm/s] = 0.00078*T(K)*1.89
Zdroj: http://books.google.sk/
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http://books.google.sk/

Elektricky vietor (Electric wind)

R.C. McClung: Conduction and electricity through gases and radio-
activity: a textbook with experiments, 1905, p. 115, lonization from
flames http://books.google.sk/

"Electric Wind." A candle flame held near a pointed conductor
connected to the positive terminal of a static machine s strongly repelled
from the point as if a breeze of ions were actually issuing from the point.
If the flame is held near the negative terminal, it is attracted toward it.
The phenomenon is one of electrostatic repulsion and attraction rather
than of any strong ion current issuing from the positive point. In the
luminous part of the flame, positive ions predominate.

‘hair’ windmill
1

‘—charged—
| dome



http://books.google.sk/

Plamenovy ionizacny detektor

(Flame ionization detector)

» Detektor pre plynovu o
chromatografiu — chemicka : _+{ -
analyticka metdda X

* Detekovany plyn sa
davkuje do vodikoveéeho
plamena medzi 2 a At
elektrodami, v nom —_—
CiastoCne sa ionizuje —
meriame prud

 http://en.wikipedia.org/wiki/

Flame ionization detector

column


http://en.wikipedia.org/wiki/Flame_ionization_detector
http://en.wikipedia.org/wiki/Flame_ionization_detector

Stupen ionizacie plamena

« C.S. MacLatchy, Langmuir probe measurements of ion density in an
atmospheric-pressure air-propane flame, Combustion and Flame
Volume 36, 1979, Pages 171-178

A measurement of the ion density in the flame front of an atmospheric-
pressure, premixed air-propane flame is presented. It is based on the
sheath-convection model of current collection by a Langmuir probe. In
contrast to the results of previous authors, ion densities as high as
4 x 10'7 jons/m3 have been measured in a stoichiometric flame. The
half width of the density profile appears to be the same width as the
heat-release zone reported by previous authors. This result implies that
the probe is capable of spatially resolving the density profile.
Observations of the change in the ion-density profile of the flame with
respect to the air-fuel mixture ratio and the effect of seeding the flame
with KOH are also presented.

« Termicka ionizacia (narazom atdmov, molekul)
A+B->A*"+B+e - zavisi od teploty plamena
« Chemicka ionizacia (interakciou radikalov, excitovanych Castic)

A*+B* > A*+B*+ e - zavisi od zlozenia plynov plamena, T


http://www.sciencedirect.com/science/journal/00102180
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235698%231979%23999639999%23445189%23FLP%23&_cdi=5698&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=1127a1992899da554fcb0ae80c9f44d3

Pozorovanie — predmiesany plamen
* NiC sa nedeje, | =10-11 mA

@]
- |+10kV



Pozorovanie — difuzny plamen

« Plamen sa naklana ku katéde (-)
« [=13-15pA

@
- |+10kV



Video

Plamen sa naklana ku katode (-)
Plamen kmita: f ~ 10 Hz

F sa da merat aj osciloskopom — merat' U a | — oscilacie U a |-
pulzy: f ~ 10-20 Hz





Pohyb elektronov a ionov v plameni

 Bez zrazok
F=eE =ma
a=dv/dt=e/m*E
v=e/m*E*t+yv,
« So zrazkami — pri p, nutné uvazovat
 Driftova rychlost vi=uE=e/m*v*E
pohyblivost 1 =e/mv
zrazkova frekvencia v — pocet zrazok za s

« Viktor MartiSovits: ZAKLADY FYZIKY PLAZMY, FMFI UK Bratislava,
2004



Elektrony

. vV, = IUeE
. Zakony podobnosti vo fyzike plazmy
vzduch: up = 4,6x10° cm?TorrV-1s-
CO,: up =11x10° cm?TorrV-1s-
. My mame vSade p,, lepSia je n-reprezentacia cez hustotu Castic,
p=nkT (stavova rovnica)
vzduch: un =1,48x10%4 m-1V-1s-
CO2: pn = 3,55%x10%4 m-1V-1s-"

. ESte potrebujeme E : zmerat U a predelit vzdialenostou elektréd d
a n : n=p/kT — potrebujeme vediet T plamena
- Ve = HE = U N*E/n
Pre E = 2 kV/cm a n=3,86x10%2* m-3(T=1900 K — maximum Bunsen)
Vye = 1,85 x10° ms™
Elektrony velmi rychlo uteCu z plamena na anodu!

Yu. P. Raizer: Gas Discharge Physics, New York: Springer (1991), p. 11

Z. Machala, M. Janda, K. Hensel, |. Jedlovsky, L. Lestinska, V. Foltin, V.
MartiSovits, M. Morvova: Emission spectroscopy of atmospheric pressure

plasmas for bio-medical and environmental applications, J. Molec. Spectrosc.
243 (2007) 194-201



lony
m, << m, (radovo 10° x),
pretoze m,=1838"m, , m,= 1840*"m,
Iony CO2*: m = 81000%m,
CO2*: un =4,38x10"° m-1V-1s-"

vy = UWE = un*E/n =2,1ms’
lony sa pomaly budu hybat na katodu!

lony su velke, strhavaju pohybom aj molekuly okoliteho
plynu - cely plamen sa nakloni

Pozor na vertikalnu rychlost plamena v

vV > v, ak porovnatelné - naklonenie ku katéde

Ak v >> v efekt uz nepozorujeme — predmiesany plamen?
overte!



Komplikacia s ionmi

Predpokladali sme jednoduchu termicku ionizaciu (narazom atémov,
molekul) — len e~ a kladné iony
-A+B->A*"+B+e

A len na vyslednych produktoch — CO,

V skutocCnosti je tam vela r6znych ionov — nedokonale oxidovaneé
produkty, radikaly, ...

A M Starik: Formation of charged nanoparticles in hydrocarbon flames:
principal mechanisms, Plasma Sources Sci. Technol. 17 (2008) 045012
,Numerous types of positive and negative ions such as C2H30+, C3H3+
, CH3+ ,HCO+, C3H50+, C3H70+, H30+, H20+, O+2, NO+, NO+2,
HCO-2, HCO3-, CO3-, CO4-, O2-, OH-, NO2-, NO3-, CN- have
been observed in hydrocarbon/air flames”

Zaporné iony vznikaju elektronovym zachytom
TrojCasticovy zachyt A+e+ M -> A +M
Disociativny zachyt AB+e —> A +B



Ako je to s ionmi naozaj

HCO;

1012_

10° 10° 10t 1 10 10°
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Figure 5. Variation of the number density n, of positive (a) and negative (b) ions in the
atmospheric pressure C2H4/air flame (¢ = 2.06) with ion—particle interaction (solid
curves) and without such interaction (dashed curves).

A M Starik: Formation of charged nanoparticles in hydrocarbon flames: principal
mechanisms, Plasma Sources Sci. Technol. 17 (2008) 045012

» Ozajstné koncentracie a doby zivota ionov v C,H, plameni

* Mozno tu je navod na odpoved na kmitanie plamena —
rozna velkost dominantnych + a - ionov

[, ms



Skuste plamen sviecky

StudensSi ale nedokonalejSie spalovanie, tazsSie uhlovodiky
— mozno vznika viac idnov ako v CH, plameni

Podla
http://www.practicalphysics.org/go/Experiment 289.html
sa plamen rozdeli na dve Casti



http://www.practicalphysics.org/go/Experiment_289.html

Ako riesit’ ulohu
Zacnite experimentalne
Bunsenov horak — otvorené-zavrete nasavanie
— Zemny plyn
— Iné paliva (propan-butan) — méze ozrejmit ulohu idGnov
— Pozor na poziar, popaleniny!
— Pripadne sviecCka
Nabite platne

— Potrebujete vysoké napatie >10 kV — van der Graaf
— Platne sa budu zohrievat, hlavne hore

— Merajte prud v zavislosti od paliva, typu plamena, napatia, ...

— Pozor na napatie, popaleniny, topenie izolacie kablov
Foto, video

— Spravne expozicie, aby to bolo vidiet

— Spomalenie videa - meranie f kmitania



Ako postupovat’ dalej

Zistit kedy to kmita

Pokusit' sa teoreticky popisat kmitanie cez pohyblivost
To]gle)Y;

Vela, vela studovat literaturu — o spalovani, plamenoch,
lonizovanom plyne, plazme, ....

Zamerat sa na iony — tie su v ulohe klucove, elektrony
uletia prilis rychlo
— kto jav pekne experimentalne preukaze a teoreticky

popise tak, aby to korelovalo s experimentom a bolo to
aspon zhruba spravne, ma u mna 10!



Dakujem za pozornost’ !
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