

































































plaints were received by the E.P.A.! After all
that wnrk the Government has since announced
that they will be proceeding with the
railway presumably for political reasons.

alking about Vipac, most readers will
know that the Vipac group consists of at least
three companies. Vipac and Partners being
the consulting company, Vipac Laboratories
being the laboratory measurements company
and the newest, Vipac Instruments Pty. Ltd.
headed by Andrew Walker, being their
instrument " sales organisation. Vipac Instru-
ments instruments by  Spectral
Dynamics, Dymac, and B.B.N. Instruments.
Andrew who is not an acoustician but who has
a background in electronics and process con-
trol tells me that you can meet him at their
stand at the I.C.A., and that Vipac Instru-
ments will operate their own services depart-
ment so that they can offer purchasers full
sales and service.

Sound Attenuators Australia Pty. Ltd
have finally shifted to their new address at 39

ng “road, ~Scoresby. y we say
because the strike which they had by their
factory” employees which started last Christmas
spread to include a_black on the new
factory site so that they ert ‘inane 1 move
until the strike was settled.
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With all this battery operated noise and
vibration measuring equipment there is a temp-
tation to run some of it off your car battery if
only to save spending ones brass on all those
gold tops. If you do, be careful; that well
Enown brand of ‘mstrument docs not include a
fuse in the external power supply circuit so
that if the main switching transistor decides to
give up the ghost and take eight more
transistors with it you have a $300.00 repair

d no, it is not covered by warranty
as you are supposed to know from your good
sense that you should provide an external fuse
rated to the instrument; and there is
nothing in their instruction manuals about the
need for a fuse.

Keeping the peace is the title of a new
little " booklet profuced by the Environment
Protection Authority. This little booklet could
have many uses for' many people but you would
have to get a copy to See just what it is like;
we understand that it is free, certainly we got
our copies for frec. The book discusses
Sound And noise, the decibel scale, noise and
hearing, sources of noise including traffic,
industrial, entertainment, struction,
domestic noise, measuring noise including an
explanation of Lgg, Lyg  etc., preventing
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hearing damage, improving the environment,
etc.

When measuring noise levels
frequently advantageous to be able to listen to

at the sound level meter is listening to.
For many years we have been forced to use an

old pair "of airforce headphones as
commonly available high fldehly carphones have
t0o low ‘an impedance to be connected directly

107 o sound level mater. The only readily
available high inpedance’ carphones of nigh
quality are of the "Open Air" type which are
quite ~ unsatisfactory oot beciae you can
Rearing everything else through the open air
structure as well as you want to hear
and because in any low evel SHtuation teodback
occurs and you get deafened by the howl from
the headphones. At last after many years of
looking and contemplating writing to  various
manufacturers etc., we have discovered the
Beyer headphones fype DT-100 which have an
impedance of 2000 ohm per capsule, have
pretty good sound xsolauon characteristics and
best of all have a low frequency response way
way better than the old steel cans that we

of impedances from 4 to 2000 ehm per capaule

d you see the very nice profile of Anits
Lawrenge " in ent
Rienen Stanaard? el done Anita

Remember | want to hear all the bits of
gossip from all states of Australia and the rest
of the world. Send them to me at Knowland
Harding Fitzell Py, Lo, 22a Liddiard Street,
Hawthorn, Vic., T course you all know
by now that Sohn prcer has joined me here
Melbourne but those keen to note the latest
should note that our telephone number is 819
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Graeme E. Harding

Sir,
It was interesting to read the different
views on the future role of the Bulletin ex-

pressed by the Editor and the President in the
last issue of the Bulletin.

My sympathy is with the Editor. I know
of eleven people, four NSW and seven Vie-
torian members, who know the heartache of
irving to generate copy for the Bulletin. It is
a never ending bame against apathy.
many times do you have to remind people lhat
the Bulletin exists for their use. It is de-
pressing to a keen Committee to have to resort
to Icrelgn society press releases to fill up
spaces in our national magazine.

r our Bulletin to succeed in any one
year, there must be a keen editorial committee
determined (i) that it will appear on time (i)

that it will be presentable and (iii) that it
won't be a financial liability. The first two
are essential if we are to obtain advertising
revenue, and advertising revenue is essential
if the Bulletin is to pay for itself. No hon-
orary editorial Committee is satisfied if there
isn't interesting, spontaneous copy from mem-
bers to fill the gaps between advertisements.
One frustrated editor once called Western
Australia Division the perfect anechoic term-
ination; no matter what the stimulus there is
no response. Why hasn't someone expressed an
opinion about the new Australian Association of
Acoustical Consultants? Why don't more con-
sultants write up little case hlslarles” Many
people_have said Jim Watson's note on
acoustic tiles was the most mlereslmg arucle
they have read in the Bulletin

The Bulletin reflects the well-being and
enthusiasm of the Society. It is relevant, just

iable and very vulneral There is never a
slg‘mﬂcanl back-log of copy for the next
issue. Contributors can be confident their
articles will be published promptly, ‘provided
they meet the published deadlines our
Society becomes learned_ and professwnzl and
stuffy, so will the Bulletin. For the time
being it ie slert, sympathetic to new ideas and

ady to serve the most exalted and the most
Fumble members of our Society equally.

Our Society is too cosmopolitan and too

and have it publish the
technical articles_that come along. Let us not

strive for the status of a Learned Society
ournal, for the sole beneht of the minority of
members in the academic and research
community that _suffer from that dreadful
"publish or perish" syndrome.

D.C. Gibson

Melbourne

Dear Sir,

has come to my notice that Mr. Athol
Day i Tebt She N 5 W Shots Pallaton Contrel
Commission to return to private industry and I
feel compelled to acknowledge his contribution
to acoustics, particularly in the Government
and Local Government sphere of N.

Athol was a foundation member of the
Government regulatory body for noise control
in this State and while there vere times when

ve been in conflict with some of his
decisions, 1 respected his position and the
necessity for the protection of the "sleeping"
publi

A person who makes a major contribution
to any worthwhile cause should not go un-
noticed. ‘Wich this in mind 1 say wel done
Athol Day.

Caleb Smith
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TECHNICAL NOTES

RESEARCH ON_ANNOYANCE FROM

J.F.M. BRYANT
Principal Research Scientist
Australian Road Research Board

Engincering and the social sciences meet
and_establish a somewhat uneasy_relationship
in_environmental science. It is not the first

cting of these disciplines, of course; i
Industrial health, ergonomics, industrial design
and_many ‘other fields in which technology
affects the health, comfort and well-being of
individuals engineering has had to onaen
human responses to its technical proposals and
achievements. Latterly, with the pervasive
growth of the motor vehicle, road trans-
portation has become an important subject of
debate and often controversy

The response of each discipline to the
challenge _ has = been - characteristici - the
engineers say if they are told what
T " Shcial haractenction they should
design for, they will provide acceptable
Gesigns. The soclal scientiots, suspeoting the
motives of the engincers, point to past history
and say that any more of the same will make
. Meetings of engineers, psy-
chologists, sociologisls and  environmental
scientists which altémpt to work out a common
approach to these problems are therefore
noteworthy .

One such meeting_was organised recently
by the Australim Road Research Board
(Seminar on Measuring Social Behaviour in
Road Researh, April 1980). The object of the
workshop to provide a forum for the
discussion and testing of methods of evaluating
responses to environmental by-products of
road transportation systems. ~Of
interest to acousticians was the consideration

iven to traffic noise the annoyance
caused by it. Over the past few years, ARRB
has sponsored research into traffic noise
measurement and the evaluation of annoyance
conducted by researchers in the University of
Queensland.  Noise levels and annoyance have
been measured on freeways in Brisbane and on
arterial roads in that city and also in Sydney
and Melbourne by Dr. Lex Brown, a member of
the Society and by Dr. Henry Law.

Brown presented a paper o the
workghop on the measurement of dose-response
relationships for environmental factors, using
road traffic noise as a paradigm. The physical
data, representing the noise dose, were
gathéred in the usual way with o magncii tape
recorder, edited and analysed 1o provide
various  measures of ' noise wxposure o

(18 h), for each neighbourhood. The
réonnse measures were obtained by social

surveys, using interviews and carefully con-
structed and tested _questionnaires  with
samples of residents. The principal measure
of the subjective effect of noise was a seven-

int, semantically labelled annoyance scale,
‘How ' much "does  traffic noise in this area
annoy you?' Traffic noise has other effects
that may not be reflected directly in expressed

annoyance, e.g. interference with com-
munication’ or with sleep, the shutting of
windows and the extent use made of

different rooms in a house. In the study
referred to, information on fourteen variables
was_sought concerning the effects of noise
ranging from expressed opinions about traffic
noise and reported interference with activities
to respondents' actions regarding the noise -
by no means an exhaustive list.

_ While it is reasonable to assume that there
is an increasing dose - response relationship
for each individual, these are unlikely o be
the same for all; somc people a
susceptible to noise than - arc others, with
different thresholds of annoyance and different
response rates to increasing noise. Grouped
responses disguise such effects, nor can an
individual's response be predicted from such
grouping. | Over 4 range of more than 15 dB
in mean (18 h) percentage responses
indicating a»grage annoyance increased to only
2, St extent with increaing levels of poise;
such  regressions have limited value in
dicting group. response, owing o the large
scatter of results, and little or none for the
individual case.

Much of the difficulty in defining the
dose-response relationship, particularly for the
individual case is due to the intervention of
factors correlated to the variation in intensity
of stimulus. It has been consistently reported
that individual susceptibility to noise and
individusl opinion of the neighbourhood s 2
plac: ve are significant predictors of
response b vas und to. be 0 o the
present research and, in-addition, two other
factors  were . ion  of
activities within the dwelling in’relation 1o the
noise-source and the type of house, whether
set high or low, whether isolated or part of
terrace or block.

Henry Law, a psychologist, was chiefly
interested in the analysis of multivariate res-
ponses to complex stimuli such as traffic noise
and, in a paper with C.W. Snyder, outlined a
linear structural-relations model that might be
useful in the unravelling of the. complicated
situations described by Brown. The model is
intended to reveal the linear simultaneous or
independent_associations among latent variables

terms of the observable indicators. The
analysis is thus intended to verify the hypo-
thesised causal connections between variables
such as those depicted in Fig.
Law and Snyder). In this model { are in-
dependent  variables (freeway noise, physical
conditions, e.g. internal house noise, times at
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home, etc., and human attributes, e.g. hear-
ing sensitivity, attitude to neighbourhood etc.)
defined by the x measures which also include
error terms 5. The measurement model for the
input dose is the vector:

X=AL+S

On the response side, psychological and
behavioural effects n are reflected in measures

which are also subject to error ¢. The
response model is thus

=A+
y 'y €

The object of the ensuing analysis is to
determine the latent variables together with
information on the extent to which these
variables are measured by the observed
variables and the relationship between the
latent variables themselves. In this way it
would be possible to distinguish between
annoyance and frustration or to determine the
relative strengths of traffic noise and hum;
attributes in their effect on psychological and
behavioural effects.

Experience in road research indicates that
sophisticated treatment of data obtaine
environmental studies, particularly of _traffic
noise, using complex models and multivariate
hypotheses, is necessary if adequate under-
standing of these inportant aspects of eng-
ineering design is to be achieve

The proceedings of the workshop are
available from ARRB, P.O. Box 156 (Bag 4),
Nunawading, 3131

ACOUSTIC ATTENUATION OF WALLS
AND ENCLOSURES

In this discourse we discuss the desirable
broperties of materials to provide high scoustic

mpare for
Wl with That of o Eaciesure.

L. Isolated Infinite Wall

12

<3

For an isolated infinite wall separating a
source and a receiver we have the following
relationships .

Given that the incident sound power
the reflected sound power
he transmitted sound
the output sound power
Pd = the dissipated sound
power
Pt=Po
then Pi=Pr+Pd+Pt
then e = Pr/Pi = sound power reflection

co-ef
= &% Where r is the sound
pressure reflection co-
efficient

= 1 - a where o is the
sound power absorption
co-efficient

8 = Pa/Pi = sound power dissipation
co-efficien

© = Pt/Pi = sound power transmission

co-efficient

= 101(-TL/10) where TL is
the transmission loss in
dB

Then pto+T=

and Po = tPi

Thus the transmitted sound power ap-
proaches zero as the transmission co-efficient
approaches zero and is independant of p and &
so that for example a sheet of steel with low &
and 1, and high p is an effective isolating
Wall. Dense, thick rockwool with low ¢ and high
p and & also provides an effective isolating
wall.

2. For an enclosure around a Source

o

If we allow

P, 6, T are the properties of the wall of
enclosure as defined above.

Pi as the integrated source sound power
W.

Po as the integrated transmitted power W.

Then unlike the isolated wall where the
reflected power Pr is lost and does not con-
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tribute to Po we must recognise that because

are integrating all the acoustic power
transmitted through the enclosure walls we
must account for the transmission of the re-
flected power. An examination on an energy
basis will show that the only energy loss
mechanism is the dissipation loss; if this loss
is high the transmitted power is low.

ie. Po=(1-68)Pi

As the dissipation co-efficient 6 for

acoustical materials is not commonly listed it

may be inferred indirectly from the avaisble
rption

data.

Given pro+r=1

by transposition 1 - 6 = p + T

Subsitute 1 - a
for p to give 1-6=1-a+1
ie. Po=(1-a+DP

Therefore the desirable properties for the
walls of a highly sound isolating enclosure are
high sound absorption and low transmission
co-efficient (high transmission loss). Note

a and t are not independant variables so
that 1 canrot exceed a to give a negative Po.

Thus an un-damped steel sheet enclosure
with both low a and low T is not as effective
an enclosure as a combination panel with high
« and low 1.

DIVISION REPORTS

REPORT TO ANNUAL GENERAL
MEETING 1ST MAY, 1980

1. PROGRAMME

For the year the Division has held eight
functions. These have included a visit to the
ABVZ television studios, two workshop study

roups each to examine and comment on a
draft Australian standard, a joint meeting with
the Audiological Society on audiology and
acoustics in hearing conservation, a

tasting and dinner, a joint meeting with the
Mechanical Branch’ of the Institution of
Engineers on the suppression of vibrations in
the Melbourne underground rail loop, a site
visit to Museum Station and track works of
Melbourne Underground Rail Loop Authority
and this cvening's visi e acoustic
facilities of the Department of Applicd Physics,
Royal Melbourne Institute of Technology.

n addition, the Division was the host for

st
Criteria". It was a successful meeting and
was attended by 64 people from various parts
of Australia. The Division was also the host
for the Society Annual Dinner which followed
the Annual General Meeting of the Society.

t has been pleasing to see members with
varied interests attend the meetings which
were beneficial for Society members to meet

d discuss matters of common concern with
members of Kindred societies. The Division
extends thanks for the planning and organiz-

ing of functions to Messrs. Fouvy, Chenco,
Barnes and Koss of the Programme Sub:
conmittee.

2. ADMINISTRATION

would like to extend thanks to Mr. Jim
Kirkhope, Divisional Secretary, for his tireless
and efficient efforts, without whose devotion 1
feel certain the Division would not properly

1 would also like to thank Mr. Reg
McLeod, Registrar and Treasurer, and Mr.
Louis Fouvy, Committee Minute Secretary. The
Committee functioned as a whole in unison and
through the  efforts of the various sub-
committees

3. MEMBERSHIP

Over the previous few years the member-
ship of the Division had been rather static.
However over the year just completed there
has been a significant increase in membership,
and thirteen additions have resulted, a
pleasing achievement

4. THE BULLETIN

The Division continued to assume full
responsibility for production of The Bulletin.
Folloving the issue of Volune 7 No. 2, Dr.

wish to thank him for his time and efforts.

The post of fditor was taken up by Mr.
Rob Law, Volume 7 No. 3 was issued in
December 1979, and Vol § Now 1'nas been
distributed in’ April. A notable achicvement
has been that the three issues for the year
have been distributed on schedule, and that
the Bulletin Committee through its careful
planning and efforts has been able to declare a
small surplus.

1 wish to thank the Editor, Mr. Rob Law
and his committee of Messrs. Harding, Davy,
Gibson, Koop and Lambert for their worthy
achievements. It would truly assist them in
their task if members were able to increase the
volume of material for publication.

K.R. Cook
Chail
Vlclona Dlv)smn



Basic Combustion Noise Research:
Theories, Experiments and Scaling Laws.

S.L. Hall

Department of Mechanical Engineering
NSW Institute of Technology

he experiments, theories and sczlmg‘ laws developed from fundamental research studies of the

combustion noise process are reviewes

INTRODUCTION

Combustion noise, although a well-known
phenomenon, is attracting research attention
because it is now considered as a pollutant
Unlike many chemical pollutants, noise has an
instant _effect upon bystanders. Combustion
noise takes two forms: combustion-driven
oscillations (or _instability) and combustion
roar.  Combustion instability is

coherent,  fixed-frequency feedback oscillation
associated with the acoustic mode of the com-
bustor. The periodic oscillations can cause
structural damage s well 35 producing an

Bustion instability has, received much ‘groater
attention than combustion roar. Putnam (1971)
has provided a comprehensive book on the
subject.

Noise is generated in combustion systems
for two reasons: (1) except for some small-
scale devices, all practical burners have tar-
bulent flames; and (2) heat is liberated during
the burning process. Practical combustors are
usually turbulent because the rate of heat
release per unit volume is greater than a
laminar system can achieve. The imbedding of
a chemically-reacting process in a turbulent
field produces different noise characteristics
than non-reacting turbulent fluids. Combust-
ion roar is essentially the interaction between
the basic chemical combustion process and the
turbulence required for mixing and efficient
burning.  Thus, the study of combustion-
generated noise involves the disciplines of
physical chemistry, turbulence and acoustics.

This report reviews the combustion roar

theories, laboratory measurements and result-
ant scaling laws produced by research scien-

2. THEORETICAL AND DESCRIPTIVE MODELS

The first attempt

rate of
other ecddies. The rate at which the total
combustion volume is expanding or contracting
is the net sum of the individual eddies.
Bragg developed the following equation for
sound power based on the monopole-source
model of sound generation by turbulent flame:

(pp? (B-1)? S U3 r?
:LIMCL G aw)

This equation was reduced by Thomas and
Williams (1966) to the form:

LN SR, (1b)

Bragg's theory of combustion noise was based
on the wrinkied (laminar) flame concept of a
turbulent flame. Strahle (1978) criticizes the
following aspects of Bragg's theory:

O} it does mot follow from the con-
servation laws of fluid mechanics;

(i) it speculates a net monopole radiation
without any  rigorous mathematical
backing; and

(i) it can produce errors if equation (2)
is used.

Strahle and Shivashankara (1971, 1972,
1974) obtained semi-empirical expressions for
acoustic power and efficiency by usin

Lighthill-type wave operator. The resultant
scaling laws will be presented under Section 4.

From their experimental results, Smith
and Kilham (1963) postulated that a turbulent
flame could be represented acoustically by a
distribution of monopole sources caused by

o
uantify combustion roar was made by Bmgg
(1963). He envisaged the turbulent flame as- &
collection of "eddies" or "turbules” acting as
monopole, or omnidirectional, sources of
sound. These eddies would have their own

3! . Cummings
(1971) comments that Bra;.rgs theory is at
variance with the results of Smith and Kilham
(1963). Kotake and Hatta (1965) treated the
flame front

a discontinuity and applied
various

equations of fluid dynamics. They
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deduced that flow velocity turbulence gen-
erates the movement in ich
gives rise to pressure uctuaions ot pmpa-
gate as noise. Thomas and Willians (1966),
and Vioithara (1970), and Harle et a1
(1sea> visualise flame noise as being generated
by "turbulence balls" which produce pressure
waves due to the expansion of the hot prod-
ucts of combustion. Strahle (1978) improved
the zeroacausucs approach originally used in
his 1971 paper by using a variable speed of
sound formulation.  Chiu and Summerfield
(1974) developed a complex mathematical treat-
ment comparing the distributed reaction zone
theory and the wrinkled laminar flame model,
both based on the monopole-source theory.
Essentially they used the convected wave
equation to account for source convection
within the flame zone. Unfortunately, Ki
and Kirmani (197) point out that the fesutant
rce terms are difficult to determine ex-
perimentally.

ork of Toong et al (1965, 1972,
1974) deals “With combustion instability due to
acoustic-Kinetic interactions . ey mathe-
matically couple the heat-release rate (monopole
source), the burning rate (monopole) and the
stress tensor (quadropole due to velocity,
temperature and density fluctuations) to the
acoustic wave equation. All terms are sound
generation terms; some are also amplification
terms.

EXPERIME}

mith and Kiham (1963) produced the
first relizble data on broa d flame noise.

Systomatically . investigated  small lab-
oratory-scale turbulent premixed flames. They
measure the variation of sound intensity,
frequency spectra and directionality  wit
burner diameter and flow parameters.

Thomas and Williams (1966) produced spher-
ically-expanding  (lames  which _conclusively
verified that such flames act_like monopole
sound sources. The pressure in the radiated
sound wave was proportional to the time rate
of change of the volumetric rate of gas ex-
pansion during combustion, see equation (2).
Hurle et al (1968) cxtended the results of
Thomas _and Hillame 10,4 wrbulent premixed
flame by recogni rate of gen
cration o Treé. radicals  within the reaction
zone was also fundamentally related to the rate
of combustion. They developed an optical
technique  which measured the changes in
intensity of the emission of free radicals (C,
and CH) which are confined almost exclusivel
to the inner reaction zone in hydrocarbon/air
flancs. Narrow-band spectrun filters isolated
ol wavclengths other, than those for the

H emission; a photmultiplicr was used ]
I optical derector 'A definite correltion was
established between the measured s
precsure. and the sate of chango of conbistion
rate in the flame. Price et al (1969) extended
the experimental technique of Hurle to tur-
bulent diffusion flames. = Chillery (1975) con=

firmed the observations of Hurle et al (1968)
for single and double premixed flame systems
over a Limited frequency range.

Roberts and Leventhall (1973) measured
sound, flam and flow velocity fluct-
i They

tuations in_the flow velocity, not the "tur-
bulence balls" of combustible. gases generating
pressure_pulses as they burn. Roberts and
Doventhal” (1977) " used the classical = gas-
dynamics equation to relate pressure and
velocity across the flame front:

U
2 2

= 14y, M~ Q-] @)
2 =0y ey My Uy

where the subscrips refer to pre- and post-

flame conditions, respectively. In experiments

vith town_gae, Roberts and_Leventhall claim

agreement with values for the pressure

frop across the flame front quoted by Gaydon

and Wolfhard (1970).  Using. cross-correlation
i have it

Y
verified Hurle's (1968) clann that the acoustic
pressure generated by a flame was proportional
to (dI/dt), the time derivative of the intensity
of emission of light of a certain wavelength
from free radicals present in the flame reaction
zone. It then follows that (dl/dt) is a measure

of the ratc-of-change of the flamefront area
uch is related to the flow velocity
fuctuntions reaching the flamefront

Strahle and Shivashankara (1973, 1974)
extended the study of Smith and Kiham (1963)
1o slightly larger_burners and a wide range of
flow velocities. Sound pressure, directionality
and frequency spectra were obtained for three

(CON used dxrect pholography, centred. on

CH radicals from the active
rcacuon to mcnure the vnlume of the
reaction Shivashankara al (1975)

Confirmed e esults of Husie et ol (19689 that
acoustic pressure corresponds to the time

derivative of free radical emission intensily

primarily located in the luminous flame brush

Kumar (1975) tested premixed and non-
premixed turbulent jet flames both in an
anechoic chamber and in a hard-walled bay
The structure of the flames was studied wilh
still phologmphs and high-speed movie film
The ressure, waveshape, directionality
and ‘froquency - spectra. was measured. . He
found significant ‘differences. between the two
flame types both in their structure and their
noise characteristics

Gupta and Beer (1978) studied noise
emission from "inverse" diffusion coannular jet
flames using natural gas/air and helium/air
Good correlation was oblained between mean



temperature and  velocity, and fluctuating
pressures and velocities with the overall noise
emission.

Ramohalli (1979) reverses the usual pro-
cess and uses measurements of the acoustic
radiation from the reaction zone to obtain
information on the structure, mechanics xnd
overal of turbulent

NOISE SCALING LAWS

Scaling laws result from attempts to
identify the important parameters and find a
ower-law_relationship between the parameters.
Bragg (1963) reduced his equation for sound

from a monopole sound source model,
see equation (1), tc

P« uds ad ®
All- subsequent noise scaling laws have been
based on experimental data. Smith and Kilham
(1963) deduced that:

P« (Us @b @)
he experimental results of Hughes and
Roberls (1976) produced exponents very
similar to Bragg's:
P« ul® SL] 2 423, )

Shivashankara et al (1973) found that:

P« U4 ®)
for fuel-rich flames. Their experimental data

for fuel-lean flames produced the following,
more complicated, expression:

P « UZ.'I dZ.G SLL‘l F“'4, )
F
(
where F el ®
1+ o(p)

stoic

Scaling laws for thermo-acoustic efficiency are
obtained by dividing the acoustic power by the
thermal input. The thermal input is the
product of the mass flowrate of the reactants,
the fuel mass fraction and the heating value of
the fuel per unit mass. Shivashankara et al
(1973) obtained:

2.7 2.8 g 1.4 0.6
Ny « U501 d%% 5 W F 9)

for their fuel-lean flames.
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Giammar and Putnam (1971) derived the follow-
ing expressmn, which comes directly from
equation (1):

SE @ (X (¥ )

Strahle and Shivashankara (1974) used dimen-
sionless groups to obtai

g Da?‘sz Re™0-14 pr1.4 2.72 an

from the data of Shivashankara et al (1973).
Strahle (1978) presented slightly different
exponents in his review paper on combustion
noise:

Ny o Dal %2 Re70:09 126 268, 12

He clains a_standard deviation of +1.5dB over
a range of acoustic power of 40dB. The
relative insignificance of the Reynolds number
indicates that transport processes do not
dominate the noise generation process. For
turbulent  flames, large-scale _energy-
carrying eddies appear to dominate the noise
process.

All the experimental work leading to the
various  scaling laws were performed on
bunser-burner type, premixed, hydrocarbon-
air turbulent flames. The obvious differences

the scaling laws are possibly duc to
variations in flame size. The ratio of the
wavelength to flame size can influence the
directionality of the radiated noise pattern
ince the wavelength (A) affects the radiated
pattern in accordance with A's size to the
burner geometry. Also, the wavelength in-
fluences  the turbulent structure and the
frequency content of the flame noise.

5. CONCLUSIONS

from open, turbulent flames is

physically caused by the fluctuating heat-

release rate, which appears to be influenced

by turbulence.  Efficent combustion requires

tirbulence for good mixing of the reactants

high heat generamn Thus, the design

of relatively quiet burners requires the elim-

ination of "excess" turbulence as well as the

elimination of acoustic feedback and amplifying
systems
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Tndicate the principal conclusions reached. That should be possible in less than
200 words. Many mére members will road the sunmary than will read the paper. Every-
body seems to be busy these days.

Wain Body of the Article - This should contain an introduction, and be followed by
series of logical events which lead finally to the conclusions or recommendations. The

of headings.greatly assists the reader. in following the logic of the papor. The conclusions
should of course be based on the work presented and not on other material .

- Any ised system is - for example those used by Journal

of Sound and Vibration, Journal of the Acoustical Society of America, or The Institution of
Engmee{s, Australia. Page numbers and dates are important, parlxcu]arly when referenc-
ing

Tables and Diagrams - As a general rule, Tables are best avoided. Diagrams may need to
be redrawn during the editorial stage. They ought to. be totally self explanatory, complete
with a title, and with axes clearly labelled and units unambiguously shown.

The papers generally will be subject to review but this is not intended to discourage member:

The author no doubt would prefer to have any anomaly drawn to his attention privately rather than
to gain notoriety by having errors published widely



