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1, Qil Combustion Moise. (1) (2) The characteristics of a presswre jet
0il burner, based on a Shell Combustion Head, were investigated with
the flame firing into the ¢pen. Purther studies with an enclosed
flame are currently in progress. If it is assumed that oil droplets
act as monopole gources as they vapourise and burn, then

Py = /"'CE"')/qrd ( Q/M\t—r Y

vhere Lt) is the instantanecus magnitude of the pressure pulss ata
distance d from the scurce, Q is the volume rate of fuel comsumphtion
in the flame, p 1s the density of the surrounding medium and ¢is the
time token by the sound 4o reach the measuring point,

4 subsidiary experiment showed that the ionisation current (I)
for the vhole flame vas proportional to the flow rate of fuel
to the flame, A high concentration of electrons, indicating a regim
of preferred combustion, results in a high ionisstion current, Hencs,
the time differentiml of ionigetion current is proportiona] to the
time differentisl of volume rate of fuel consumption i.e. /ot
and determination of the aprtial distribution of AXf) within the
flame leads to the distribution of noise sources, The ioniasation
current was meaaured using stainless steel disk electrodes 5 x 10 3:::
in diemeter and 10~2m apart which were acammed in a horizontal plane
bigecting the flame, A typicel set of results using a nozzle which
produced 8 droplet distribution with a high arial concentration is
shown in Fig, 1, whilst a nozgle producing an anmular spray pattern
showed low axial ionisation current with off-axis peaks. The distri-
bution of nolse gources within a flame may be significant in deter-
mining the acoustic coupling of an enclosed flame with its combus-
tion chamber. .

The sound field at a point near the flame is, however, produced
by the total of all noise scurces in the flame and a correlation
analysis was made betwsen the differential of jonisation current for
the whole flame and the noise. The ionisation current was monitored
bty & large pair of flat electrodes which completely contained the
flame whilst the microphone was at approximately 0,.6m from the flame.
Pig. 2 shows the cross—correlogram of pl¢)and dTfse ocbtained in this
way for the 125 Hz octave band., The principal pesk is displaced 2ms
from the origin, corresponding to the path difference, and a periodic
component with a period of sbout 8ms, corresponding to the filter
frequency, is evident.

2, Gas _Cambustion Noise. (3) (4) The simplest source of gas combustion
noise 1s the ignitien of single spheres of combustible mixture., It
may be shown that the magnitude of the pressure from this momepcle
source is given by
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where r is the radius of the sphere and V. the flame speed, The
terms invelving V. are equivalent to AFqp in Equ.(l). If the flama
apeed is asaumed %o be conatant, the sound pressure level at 1 metre
distance from a bubble of radius ¢.0lm with flame speed of 0,5m/s is
about 60 dB, The spheres of combustible mirture could be considered
as approximated by turtulent eddies in a gas~sir Jet which ignite
instantansously over their entire surface as they penetrate the
flama froant.

Other posaible acurces of nolse are fluctuations in flow velo—
eity and fluctuations in flame speed of the mirture. Considering
fluctuations in flow velocity it may be shown that the pressure
pulse dp produced at the flame front is given approximately by

/ppr. & Chs M2
where P,~Py is the pressure drop across the flame front, dU is the
fluetuation in flow velocity, U,and ¢ is the velocity of sound, For
iU = 1 /s, U = 10 o/a, ¢ = 1000 /s at the flame temperature amd
P"'Fﬁ = 5(N/m2 we obtamin clp = 160 4B,
onsidering fluctuations in flame speed alone it may be shown
that for a fluctuation of 4V, in Vb the pressure pulse at the flame

front is given approximatelyb

Fropy & 08 ¥ 3

For a fluctuatqon n flame speed of about 10%, dv, = 0.05 n/a
for natural gas, giving a pressure pulse of about 145°dB at the
flame front.

The various mechanisms were inveatigated mns follows. Gas and
air were premized and theflow smoothed before the jet emerged from
the orifice(Fig.3). The flame was held at various distances above
the corifice by means of retaining flames, If the mechenism of spund
moduction 1s by the combustion of turbulent eddies as spheres of gas,
then the peak frequency of the spectrum of the fleme noise should be
dependant on the flame speed of the mixture (Equ.2). However, chang-
ing from natural gas to town gus 4id not mlter the frequency of the
gpectrun peak although the turbulence eddies were of simllar size,
4lso, cross-correlation of the differentisl of ionisation current fer
the whole flame with flame noise did not show any significent peak.

The effect of flow velocity fluctuation wes determined by direct
monitoring of flow fluctuations close to the heel of the flame apd
oomparison of these with flame noise. The flame noisze and velocity
fluctuations peaked in the same octave frequency band, varying from
250 Hz when the flame was seated At eight port diameters downstream
to 32.5'Hz when 20 port diameters downstream, Cross-correlation of
flame noise and flow velocity fluctuations gave a normalised coaf-
ficient of 0,25, indicating that velocity fluctuations are an
importent centribution to flame noise.

Similar measurements were carried out on a mumber of commercial
packngo turmers, Al) three nolse sources could be present because
of the highly turtulent and inhemogeneous mixture. EHowever, croaa-—
correlation of flame noise with differential of lonisation current
gave no discernible peak, indicating that there was no noise contri-
bution from turtulent eddies acting as svherea of gaa, whilst crose-
correlation of flame nolse and veloclty fluctuations gave a signi-
ficant peak as shown in Flg. 4. The spectra of noise and velocity
fluctustions (Plg.5) compare well up to 500 Hz whilet the difference
at higher frequencies indicates the presence of another nolse
rroducing mechenism, probably fluctustions in flame speed.
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