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Introduction

The possibility of using electrically induced pressure oscillations within a
flame plasma to control and diagnose acoustic combustion instabilities, in
induatrial burners, has focueed attention on the mechanisms involved in
acoustio emigsion from flames aubjected to alternating electricnl flelda.

Sound generation by thims process has been investigated by a mmber of workera
(1—6). Puarther etudy of this phenomenon has been prompted by the need For more
detailed information concerming the sound emission characteristics and its
dependence on variocus parameters to help in establishing a satiefactory model.

This paper presents the results of recent experimental investigations of the
dependence of scund generated by an eleotrically excited flame on gas mixture,
frequency of excitation, input power and electrode spaoing. The measurementa
were made in the power range similar to those previously reported in the
literature so that comparisons could bs made, but the intension is to extend
the investigation to higher input powers whers there may be changes in the
neture of the emispion process.

Experimental

The essential features of the experimental arrangement are ghown in Fig.l. The
eleotrical eignal was derived from an sudic frequency ocecillator and a low
outpui impedance thermionic valve emplifier. The signal was fed to the flame
through a stainless ateel electrode placed over the flame and another of
carbon placed just above the flame front. The altermating current through and
the potential acrcss the flame were meapured using AC meters with the
reeigtance arrangement shown. Bound measurements were taken using a 1"

capaoi tor mierophona placed close to the flame end a digital freguency
analyser. Fusl and air to the flame were monitored either by oalibrated
Rotameters or by a RHayleigh interferometer when greater accurmcy was required.
An electrical discharge cover a potassium hydroxide eolution contained within
the air line was used for seeding the flame when necessary.

The types of flame examined were a) an unseeded Bunsen fiame with high
potential moross the electrodes amd drawing low current, and b) a peeded flame
from a Meker burner under conditicns of continuwous discharge between the
electrodes.

Read and Regultas

Fig. 2 phows typical relationshipe between the sound level from and current
through the unseeded flame againat mixture ptrength, the maxima cocurlng at a
fuel-air mixture slightly richer than stolchiometric. Tho sound output power
was found to be approximately proportional to the square of the input AC
eloctrical power in this case.
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Fig. 3 indicates the mammer in which eound output power contained in the
fundementsel varies with the alternating electrical power fed to the poaded flame.
Although the pointa show pome scabtter they lie about a 1ine of slope 10dB/decade.
Sim:léar relationships were found for other fregquencies within the rangs 250 Hs
to 16 kHs.

Fig. 4 gives a typioal frequency mpeotrum for oconstent AC eleotrioal input. Thia
plot was obtained from the constant ourrent characteristics (which was the most
gonvenient to obtain with the apparatus), assuming the linear relationship
between electrical and audio power indicated above. The same goneral shape of
ppectrum, albelt at slightly different levels, was found for both natural gas
and propane, and also for different electrode apaolngs between 20 mm and 80 mm.
The elope of BPL ve frequenoy is very closa to 64B/octave over most of the
spectrum but falle to a lover value at higher freguencies.

Dipcugpicn

The results of these experiments enggeet the following:

) When the flame is unseeded the ions exiating in the combustion producte
provide the main source of conduction. ¥hen the fuel-air mixture is slightly
on the rich side of stolchiometric the lon densiiy is a marimm as are AR
ourrent through the flame and eound output power. The ion density ie
relatively low in this region and the eleotric field would be little affaoted

by it.

b) With seeding and comstant voltage input the current through the flame
inoreases with a consequent inersase in sound output, When a continuous I
discharge cooure the main source of ions would seen to be thermiopic secondary .
emigeion from the wlectrodes. It was found that changea in the fuel-alr ratio

and external seeding had 1ittle influence on the sound output under thease

gonditions. Erternal seeding was maintained throughout the axperimental
measurements as it had B steadying influence on the flame, however high sound
outputa could be obtained for a short time after the flame bad been

extinguished while a residual arc discharge remained.

o) The linear dependence of sound cutput power from the flame on input AC
electrical power meana that other energy disaipating processes do not change
eignificantly within the energy zrange studied,

d) The 6dBfoctave fraguency spectrum obtained with conatant AC power input ia
an would be expected if the flame were acting as a pimple sound source of
conatant dieplecement amplitude. In fact the amall vardation in eound output
with electrode separation would cuggest a point enurce possibly at or near the
garbon elaotrods., The fall in clope at high frequencies im probably due to the :
flame's electrioal $mpedance becoming reactive. This was mot taken into account

! b al iona.
hnodeqen sgicghgvaoﬁgg 3’1‘% osed for the sound emipplon process have been baaed

aither on Joulean heating (3) and (4) or on an sleotric wind mechanism (5) and
{6}, The results presented in this paper do suggeat that for the two cases
gtudied essontially different mechaniems predominate., The experimentally
obgarved frequency spectrum of Baboock and Baker given in {3) (aoevmed to beo
relating to a discharge flame) shows a slope near to 6dB/ootave, although the
accompanying analysis predicted a elope of only 33B/ootave. The model proposed
in (:s prediots that sound output should ba inverpely proporticnal to the
frequenocy of the applied elsotrical signal, which ip difficult to reconsile
with experimental obgervations.
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Bumary
Bound emipsion from eleotrically excited flames has been Investigated
axperimentally. The resulte indicate essentially differsnt mechanisms of sound
production from the two casen cbeerved, vis low ocurrent high voltage and high
current oontimuous discharge. In the former sound output depende on the lon
density already existing in the flame and ie approximately proportional to the
square of the inmput electrical power. In the latter, sonnd output is
proportional to input elsctrical power and proportional to the sguare of the
frequency.
With diecharge, the efficiency of conversion and linear dependence of inmput AC
electrical power on output accustical power gives rise to the hope that this
process may be veed to obtain eufficiently high asoustical power to be of
uge in controlling and diagnosing acoustic 1m;tah111ties In high intensity
combuetion chambora.
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