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moment: NOISE SOURCES Ill INDUSTRY

NOISE SOURCES IN OIL AND GAS 'COH’B STION PROCESSES

H. G. Leventhall. I: . a. Palmer and J. P. Roberts

Chelsea College, London.

1, 9;; Combustion Noise. (1) (2) The characteristics of a pleasure Jet
oil burner, based on a Shell Combustion Head, were investigated with
the flame tiring into the open. Further studies with an enclosed
flame are surfintly in progesa. If it is assumed that oil droplets
act as monopole sources as they vapouriee and burn, then

P“) = PLE‘IVMTA (dQ/Mie—t "m
where is the instantaneous magnitude of the pressure pulse at a
distance d from the source, Q is the volume rate of fuel consumption
in the flame, p is the density of the surrounding medium and {is the
time taken by the sound to reach the measuring point.

A subsidiary experiment showed that the ionisation current (I)
.for the whole 1‘ 1am e we a proportional to the flow rate of fuel
to the flame. A high concentration of electrons. indicating a region
of preferred combustion, results in a high ionisation current. Hence,
the time differential of ionisation current is pmportiona to the
time differential of volume rate of fuel consumption 1.9. / 6‘
and determination of the spatial distribution of dzlu within the
flame leads to the distribution of noise sources. The ionisation
current was measured using stainless steel disk electrodes 5 x 10"]:
in diameter and lO‘Zm apart which were scanned in a horizontal plum
bisecting the flame. A typical set of results using a nozzle which
produced a droplet distribution with a high axial concentration is
shown in Pig. 1, whilst a nozzle producing an annular spray pattern
showed low axial ionisation current with off-axis peaks. The distri-
bution of noise sources within a flame may be significant in deter-
mining the acoustic coupling of an encloaed flame with its combus-
tion chamber. _

The sound field at a point near the flame is, however, produced
by the total of all noise sources in the flame and a correlation
analysis was made between the differential of ionisation current for
the whole flameand the noise. The ionisation current was monitored
by a large pair of flat electrodes which completely contained the
flame whilst the microphme was at approximately 0.6m from the flame.
Fig. 2 shows the oroee-comlogram of Naomi 41]“- obtained in this
way forthe 125 Hz octave band. The principal peak is displaced 2ma
from the origin, corresponding to the path difference, and spat-locus
component with a period of about ans, corresponding to the filter
frequency, is evident.

2. fig ambustion Eoiae. (5) (4) The simplest source of gas cmbustion
noise is the imition of single spheres of combustible mixture. It
may beshown that the magnitude of the pressure frm this monopole
source is given by _

a {311er t Hfif‘gp} .- . . (1)

  



  

where r is the radius of the sphere and \?‘b the flame speed. The
terms involving V are equivalent to “0/4;- in Equ.(l). If the flame
speed is assumed to be constantlthe sound pressure level at 1 metre
distance from a bubble of radius 0.01m with flame speed of 0.5n/s is
about 60 dB. The spheres of combustible mixture could be considered
as approximated by turbulent eddies in a gas-air Jet which ignite
instantaneously over their entire surface as they penetrate the
flame front.

other possible sources of noise are fluctuations in flow velo-
city and fluctuations in flame speed of the mixture. Considering
fluctuations in flow velocityit may be shown that the pressure
pulse d? produced at the flame front is given approximately by

‘P/Per. ’w‘: 3715' "w/u‘
where P.-P1 is the pressure drop across the flame front, dU is the
fluctuation in flow velocity, mend c is the velocity of sound. Fou-
U = lm/s, u =lOm/s. c = 1(3st at the flan: temperature and
54% = sou/n2 we obtain clp: 160 as.

onsidering fluctuations in flame speed alone it may be shown
that for s fluctuation of dVb in Vh the pressure pulse at the flame
front is given approximately by1

my _P 2 be oiVl:/u,3
For a fluctua ion Jin flam speed of about 10%. dvb = 0.05 m/s

for natunl gas, giving a pressure pulse of about 145 dB at the
flame front.

The various mechanisms were investigated as follows. Gasand
air were premixedand the flow smoothed before the Jet emerged from
the orificefi‘igj ). The flame was held at various distances above
the orifice by means of retaining flames. If the mechanism of sound

production is by the combustion of turbulent eddies as spheres of ye.
then the peak frequency of the spectrum of the flame noise should be
dependent on the flame speed of the mixture (Equ.2). However, chale-
ing from natural gas to town gas did not alter the frequency of the
spectrum peak although the turbulence eddies were of similar size.
Also, cross-correlation of the differential of ionisation current for
the whole flame with flame noise did not show any significant peak.

The effect of flow velocityfluctuation use detemined by direct
monitoring of flow fluctuations close to the heel of the flame and

ounperiaon of these with flame noise. The flame noise and velocity

fluctuations peaked in the same octave frequency band, varying fran

250 Hz when the flame was seated at eight port diameters downstream

to 32.5'35 when 20 port diameters downstream. cross-correlation of I

flame noise and flow velocity fluctuations gave a nomalised coef- ‘

ficiant of 0.25, indicating that velocity fluctuations are an ‘

important contribution to flame noise.

Similar measurements were carried out on a number of comercial

mcksge burners. L11 three noise sources could be present because

of the highly turbulent and inhomogeneous mixture. However, cross—

correlation of flame noise with differential of ionisation current

gave no discernible peak, indicating that there was no noise contri-

bution from turbulent eddies acting as spheres of gas, whilst cross-

correlation of flame noise and velocity fluctuations gave a signi-

ficant peak as shown in Fig. 4. The spectra of noise and velocity

fluctuations Fig.5) owners well up to 500 He whilst the difference

at higher frequencies indicates the presence of another noise

producing mechanism, probably fluctuations in flame speed.
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