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1. INTRODUCTION

An extensive collection at light aircraft extemai noise measurement data. over a range of typical flight

conditions. has formed the basis Ior a simplified method of defining the envelope shape and size ofnoise

exposure contours. No specialised knowledge oi the actual reference noise levels and aerodrome

performance of individual light aircrait types is required as input, The method is extended to include

microiight aircrafl generally. it allows aerodrome owners or operators and local authorities to gauge the

broad area of land within which community noise problems rrtight present a problem when planning

applications for aerodrome development are being considered, although it cannot be considered to provide

a formal set of Leq contours and should not be used where general aviation takes place as only a part of

the total operations at larger eerodromes.

2. AIRCRAFT TYPES

The aircraft which have been included In this study comprise single piston engine powered propellerdriven

types having a fixed pitch propeller (FF) and a fixed undercarriage; single piston engine variable pitch (or

constant speed) propeller driven types (VP ) normally having a retractable undercarriage; and single two-

stroke piston engine driven adjustable fixed pitch iiexible wing microlight aircraft (ML) having a fixed

undercarriage. Engine power, which primarity determines the noise emission levels, can conveniently be

grouped as iollows: High kW, usually including the VP propeller types with engine power above 175 kw;

Medium kW. normally FF propeller types, with engine power In the range 125 to 175 kW; Low kW, with

FP propellers and ending power from 75 to 125 kW and Ultra-low kW tor the ML types having engine

power less than 75 kW (they are typicalty almost hall this limit), Typical aircraa used tor ab initio pilot

training, such asthe Cessna 6152 or the Piper PA38-112 Tomahawk fall within the Low kw FP group,

whereas the more advanced training or private transport aircrait. such as the Piper PA28—161 Warrior

Archer or the Cessna 172 fall into the Medium kW FP group. Typical oi aircrait falling into the High kw

VP Group are the more “sporty” CF172.I Reirns Rocket plus the Pitts Special S-1/S-2 and Steen Skyboit

biplanes. Many of these high performance types have aerobatic capability, but we are solely concerned

with normal flight conditions in the present study.

Formal definition of a light aircraft is not streightiomard. Bearing in mind that the Air Transport (AT) seclor

of aviation is that concerned with the carriage of tare paying passengers. General Aviation (GA)

encompasses all other terms of civil aviation. This in turn includes Business Aviation (BA). Hence GA

is a grouping which employs aircrafl with a wide range or gross weights. number of engines (piston as well

as turbine and jet propulsion as well as propeller driven), and includes helicopters. For the purpose of this

 

- Thll plper II based on 'thch "Um I lecture presented to lb. Ellie!" Brunch at [he Illltimie on 29 September 1993.

“I Itmlor amenity acin‘tewledgal the Iuppofl at I number at organisations on hlhlll e! which the original nuke

measurements were acquired.
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paper. single propeller driven aeroplanes designed to carry no more ttran 4 persons (1an the pilot)
of less than 1.200 kg MTOM (maximum take-cit mass) were studied. Light twin propeller driven
aeroplanes up to about 2.250 kg MTOM are also considered although no data for these were analysed.

Microlight aircraflm formally defined by $106 otthe Air Navigation Order 1989 as "... an aeroplane having

a maximum total weight authorised not exceeding 390 kg. a wing loading at are maximum total weight

authorised not exceedng 25 kg. per square metre, a maximum fuel capacity not exceeding 50 Ifl‘res and
which has been designed to carry not more than 2 persons..'

3. NOISE MEASUREMENT DATA

3.1 Operations Considered
For the present purposes the operational phases considered are the take-off runway roll and lifl-ott at
maximum rated engine power; initial dimb to dawn height at maximum continuous power; level flight within

the circuit pattern: approach from u'rcuit height at normal glide-slope to cross the runway threshold at a
height at 15 m and touchdown thereafter. These phases are illustrated in Figure 1 which also includes the

relevant distance and angular parameters Mitch will be used.

3.2 Noise Characteristics. Metrics and Exposure Index

Light aircraft noise in the vicinity of the aerodrome from which they operate can conveniently be

characterised in terms of three noise metrics for each operational phase. namely the maximum A weighted

sound level symbolised LA“: the sound exposure level LM (alias. L... SEL or. when integrate between

limits within 10 dBA of LA...“ the W - all being time integrated sound energy levels referred to a notional

1 second duration); and the duration of the event xseconds (or T... tor the 10 dBA below maximum version)

which can also conveniently be studied in terms of the difference L..E minus L“... It is generally assumed

that 1 is proportional to W where s is the shortest distance from observation point to the flight path

segment of interest and V the aircrait ground speed. In turn. to a reasonable accuracy. the difference L“

minus LA." = 10.log.,,(1,.,,/2). ie proportional to |og...(‘/zsN).

The L... is. of course. the primary ingredient of the computation of the new UK aircraft noise index Leg [1]

which, for daytime. is evaluated for the average number of aircratt movements taking place or forecast for

the three monthly summer period 16 June to 15 September inclusive and overthe hours 0700 to 2300 local

time (in contrast to 0700 to 1900 used bythe NNI. an index which has long been recognised as unsuitable

for light aircratt noise evaluation) [2]. Ln...“ = L“... + 10.109...(N) — 47.6 in units of dBA Where N is the

number of movements significantly contributing to the noise exposure and Avg denotes the average value

over all such movements by all aircrait types using all relevant flight paths,

Contours of the LA. ..._, index can be calculated by computerised noise models such asthe CAA's ANCON

[2] or the Integrated Noise Model (INM) developed in the USA [3].

3.3 Planning Guideline Requbements for Aerodrome Operators and Local Plannng Authortt'ns

Broadly the new Planning Policy Guideline "Planning and Noise" (41mm replaces the ionner NNI based

Circular 10/73 suggests that. nonnaliy. noise need not be taken Into consideration it the Leo is no more

than 57 dBA. However. when the operations include circuit training so that aircrait repeatedly overtly

dwellings. research [5] suggests that criterion level some 5 to 6 dBA lower might be more appropriate.

Where movements are irregular and average less than about 30 per day it is recommended that other

factors should be taken into account. Such factors might include examination of the contours at LA... as

an example. Some local authorities have developed planning guidelines with even lower noise limits. which
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attempt to take account of such factors as low rural area background noise and a predominance of flying
activity at weekends or on public holidays (61.

Many decisions regarding new or Intensified operations by light aircraft (including repetitive circuit training
activities) seem to be taken without the production of formal noise exposure contours. This is possibly due
to economic concerns but more probably because there are rarely comprehensive Input data for the
necessary calculations and because there is a very large range'oi potential light aircrait types which could
use the aerodrome. For strategic planning or for actual consideration of planning applications where there
is no other suitable information. a method Mulch gives a good indication of the land area covered by the
noise criterion values oi noise exposure mentioned would be very useful. Such a method might simply
deilne the critical noise Impacted land by a rectangle envelope approximation to the real contour shape.
A rectangle with the comers cut oil or chamfered would be somewhat more realistic. We will now examine
some actual measured data from light and rnicrolight aircrait to see how this might be accomplished.

14 Dan Correlation
The author has accumulated a large number of readings of the L.- and L... for a range of typical light
alrcrail. In each case the position or the alrcrail at the time of passing closest to the measurement point
was determined by asimple photographic method. In some cases. where the aircraft was known to be
flying along a path close to passing overhead with wings substantially level the same photographs could
be used to determine the observer to aircratt elevation angle [3 relative to the horizontal ground plane.
Where the aircraft was passing by well to the side-line and the photograph showed both alrcrail and the
ground horizon the value of it could again be detennlned with sufiicient accuracy. In other cases it was
estimated by eye. again to reasonable accuracy tor the present purpose. Whatever the [3 value. the
primary parameter 5 could always be detennined by photo-scaling the image wing span or fuselage length
to the real dimension regardless of whether [3 was known accurately.

The scaling accuraq is Improved by projecting the images onto a screen at a constant magnification.
Typicalty the error In s was such that distance correction terms (for rates of attenuation close to that for
Inverse square law assumptions) could be detennined within : 0.5 dBA. p was only required to judge
whether it would be necessary to apply a further correction for over-ground excess attenuation using the
inverse of the method used in the new Leo contour calculation This was rarely Invoked for data obtained
in the vicinity of the take-oil or landing approach phases of operation, but for some instances data obtained
from circuit activity at relatively great sideline distances and Iairly low elevation angles were in need of
such correction. Since the over-ground attenuation method tends towards a constant 10 dB under this
condition, again the relatively simple method of aircralt location measurement was reasonably robust.

 
The results were assembled into a data base using a standard spreadsheet package to produce a graph
plot and the least squares regression line of the noise exposure level LgIt data against the Iogarlthmic slant
range parameter log..(sli§2.4) with sin metres as shown In Figure 2. On such aplot. the ordinate level
of the regression line at zero on the abscissa is the best estimate oIthe reference noise level (RNL) at 500
it slant distance (152.4 metres). A similar trend was obtained when the L...“ parameter was plotted thus.
This led to a realisation that there was only a very small scatter of the data points between aircraft of
type/engine power category Ultra-low. Low and Medium kW. However for the High kW or VP types the
data trend was about 10 dBA higher, hence some form of further normalisation is required.

  It is well known that propeller noise is a function of the relative tip speed and propeller disc mass flow
which In turn relates to the acre-mechanical power required to drive the propeller. Constant speed and
variable pitch propellers irwariably InvoNe higher engine power being absoer than the lower capacity FP
propellers fitted to ab initio training aircrafl and rnlcrolighls. The regulations for standard correction of UK

   
 

Proc.l.0.A. Vol 16 Part 2 (1994) 39



 

Proceedings of the Institute of Acoustics

LIGHT AIRCRAFT NOISE

noise certification data M for propeller driven types provide a uselui Insight to the rate of change of noise
to be expected in terms of the honest tip Mach number M. For small propeller driven aeroplanes for which
the application for a certificate was accepted on or alter 1 January 1958. when there is no CM approved
manufacturer’s data for the purpose. the correction for engine power should be 150.!og..(MR/M'r). where
n denotes a reference value and r denotes the actual certification test value. For nticrolight aircraft the
correction method. although expressed in tonne of the altitude and air temperature. effectively amounts
to the same rule with a multiplier oi 170 instead oi 150. The average value of 180 has therefore been
adopted. At and below an M value of 0.7 the noise correction required is zero.

A similar noise certification data correction applies to small aircraft If the engine power differs between test
and reference conditions. in th case with a multiplier 17. This Is close to the value of20 which would
be deduced from slmpte propeller noise theory and which has been adopted here. The values of helical
tip Mach Number were therefore computed and the noise levels corrected to a reference value of 0.7 (with

no correction for cases below 0.7). Similar” the actual engine power was estimated from basic light
aircralt performance data contained in aircraft recognition manuals and other publications and this was
used to corred the noise results to 100 kW. ie the mid hand engine power of for the Low kw group.

The resulting further normalised correlation plot is shown in Figure 3. Although still not perfect. there is

no longer the exceptionalty high trend for the High lrW or VP types and the UL types now give values as
high as any ofthe categories. Perhaps with more accurate Information. or even more noise measurements
pooled. the correlation would collapse even closer to the regression line shown in Figure 3. However. from
the available data it can reasonably be deduced that. over a slant range from about 50 metres to 500
metres (184 to 1840 it) under take-off cimb conditions, the L.l decreases at 6.3 dBA for each doubfing of

the slant range and that themRNL 73.0 dBA.

Applying such normalising techniques to the L“, data and the duration related Difference between L... and

L,— provides correlation plots as shown in Figures d and 5. Note that the difference value regression line

slope of 01.4 dBA/dd lies very close to the value of 08 dBA per decade (or 01.8 dBAIdd) which has been

found to be appropriate for a wide range of aircraft types and is adopted in the INM [3]. The intercept

value is #56 dBA normalised to 160 knots, so that the value at the reference distance for a typical light

aircrait lake-elf climb speed of 60 to 30 knots ties In the range 8.8 to 9.8 dBA.

Similar analyses provide the regression data summarised in Table I as follows:

——7-mW- w-merm-e
I. L. 1.. L. I...

 

For the landing approach case the corrections for engine power and propeller Mach number were omitted.

The reference data can be adjusted to become relevant to any particular class of engine power and/or

Mach number by reversal e! the corradlons described. Thus. for a typical ab lnltio training alrcratt with

about 110 kW engine power and propeller tip Mach number of ebom 0.8 at lake-oft and climb power. the

actual RNL would be 73.0 o 160 log..(0.8l0.7) + 20 log..(110/100) = 83.1 dB L...
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The evolution of a contour prediction scheme also requires height profile data. Figure 6 shows the

assembled data plot tor the takeott climb after correction to a to knot headwlnd. and Figure 7 is tor the

landing approach. it Is typical at light aircralt operations that there is a wide variation in heights over the

ground. due in part to the low ratio at airspeed to headwind speed. Nonetheless. for take-oft. it is

reasonable to draw the mean trend lines through the three categories as indicated in Figure 6. For the

approach it is clear that light aircralt tend to adopt a glide-slope somewhat above the usual 3" for major

airports and that microlights typically descent at about an angle em“. The Panshanger data includes some
approaches using a nrnway where a steeper approach was routinely instructed tor student pilots passing

over housing. It those cases were omitted the remaining conventional aircratt would show a trend towards

a 4' glide-slope.

4. CONTOURS

4.1 Calculation
The results from the above data correlations. adjusted lor the appropriate actual values at the engine

power and propeller Mach Number, were input to the INM model as user defined noise tables and profile
data. The values were additionally adjusted to a duration reference appropriate lor the 160 knot ground

speed tor the SEL data base implicit in the INM. The iull noise versus power and distance tables were

adapted from the existing versions lor the GASEPF and GASEPV types in the model by level differences
giving the best fit (atthe RNL distance 01500 it) to the values at the corresponding part of the WM SEL

versus distance curve typified by Figure 8. The model assumed straight line take-oil and landing approach

tracks tollowing the extended runway headings (taken as west-east'tor convenience) and an arbitrary total
at 100 movements per day split equally as take-offs and landings.

Variables examined were the runway directional use mode (10%:90% through 90%:10%). ground track

lateral dispersion (none. 3 track model. 5 track model) using typical dispersion statius for general aviation

aerodromes and the percentage of the total movements operated try the High kW or VP category.

Figure 9 shows an example set oi contours tor mode 709623096. 5 track dispersion and 0% High kW or VP.
The contours are of the L..." from 45 to 72 dB in steps at 3 dB.

4.2 Shnph Envelopes
Figure 10 shows a simple rectangular envelope to the 51 dB contour from Figure 9 plus a slightly more

elaborate envelope in which the corners are chamlered. For the moment considering the rectangular

approximation only. we are interested in the length. width. aspect ratio (lengthlwimh). area enclosed and

the ottset from symmetry along the runway axis. Figure 11 shows how the area varies with the contour

value. The regression line indicates that the enclosed area doubles tor every 3.2 dBA reduction In the

comour value. This is extremely close to the theoretical 3.0 dBA change for each halving oi the total
movements per day. Thus. to a good approximation the contour area can be linearly scaled in terms of
its value per some relerenco number of movements. Figure 12 shows similarly the relationships between

contour length. width and aspect ratio versus dBA value. To a close approximation the aspect ratio
remains constant. only significantly diverging from about 7:1 above the 57 dBA point. This is useful since

the length can simply be extended try doubling tor each 5.6 dBA reduction in the contour value.

Next. the shill along the runway axis ofthe (almost constant width) envelope at a given contour value is

investigated as a function at the runway mode split percentage value. Figure 13 shows that. lrom 10%

to 70% ot the take-oft movements in a given runway direction. there is a straight line trend amounting to

0.1 km bias of the 57 dBA contour for each 10% change in the mode. It only reduces to about Vs this rate
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above 70% take-oft dominated mode. Figure 13 also shows the 52 dBA contour relationship to be
generally similar.

The etied oi the 16 High kw'cr VP types In the movements mix is demonstrated in Figures 14 and 15.
The aspect ratio again remains almost constant at 7:1. Hence the length and width of the enveloped
changes in step at a rate averaging Just over 15 dBA per 1% inclusion of these types in the mil Here the
variation has been expressed in terms of the equivalent change in the (BA value tor the contour envelope
calculated without any High kW VP types in the movements mix.

5. QUICK CONTOUR METHOD

Using the results and trends noted. it is now possible to develop the “Quick Contour' method as follows:

Basic Contour Sizes:

At 57 dB Lu.” with 100 Movements/day and with 100% Low kW FP aircratt type:
Draw rectangle centred on runway axis and mid-length 1.7 km long and 0.25 km wide
(hence area = 0125 sq km, aspect ratio = 6.821).

Or. at 52 dB LN.” with 100 Movements/day and with 100% Low kW FP aircrall type:
Draw rectangle centred on runway axis and mid-length 3.0 km long and 0.45 km wide

(hence area = 1.35 sq km. aspect ratio I 6.67:1).

Minn-rm:

For runway mode split:

Set contour envelope symmetrically between the two opposite direction runway thresholds

lor 5056:5096. For each 10% increase in mode split. move the contour envelope 0.1 km
in the direction of the higher Va of take-olls (and vice versa). However, when increasing

the mode split beyond 70% in the direction at the higher % of takeoff; decrease the shift
rate to 0.033 km per 10% beyond a 70% mode value.

Add 3 dB to Contour Value for each doubling of Movements per day [+10 ' Iog.o(N/100)] belore:

Double the length for each 5.6 dB reduction in L,“ and double the width for each 7.3 dB

reduction in L... to regain the desired contour value (eg to get back to the 57 dB contour)

Adjust for the % High kW or VP within the daily movements mix by:

Doubling the length for each 16.7% increase and doubling the width for each 13.4%
increase.

Refinements:

Figure 10 indicates the general principles tor refinement of the contour envelope by chemiering

each comer at the basic reaengle. Each edge at the rectangular envelope for each of its sub-
zones (demarcated by the tangent point line and the track line) should be cropped according to

the rules set out in the iollowing Table II:
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length horn edge and at Low 1 end. the
whole edge

 

For a Movements Mix having other Categories of Engine Power.

The method can be extended to cater for a movements mix with other eircrelt type categories (eg

Medium kW and/or ML) by using the engine power and propeller Mach number normafisation

lactors in reverse and then determining an equivalent number of movements [or all Low kW

lTlOlIB'TIBMS.

For Light Twin Propeller DIivon Types:

Although not evaluated through measurements in the present study, both the INM data base and

general experience shows that light twin propeller alrerafi exhibit a value lor the LM RNL

approximatety 8 dBA hlgher than the Low kW single FP propeller types. Hence. provisionally, this

can be used tor quick contours it each twin aircralt movement Is reckoned as 4 movement: by a

Low kW FP type

For Aerodrornes with Multiple Airstrips:

These can be treated approximately by estimating the envelopes lpr each airstrip separately

employing the appropriate parameters tor eachV Then the envelopes should be overlaid on the

map base and the Junctions tailed using triangular fillets equivalent to e 3 dB Interval of L...

Ferthe Modalty Averaged Contours of Lu":

Proceed as [or the L... contours but adjust the contour sizes as it the daily movements were

11.600 times the actual movements or 116 times the reference 100 movements per day tor the

basic contour envelope The multiplier ls determined by adding back the gag values of the

constant term In the lormule tor L“... less the regression constant for the averaged difierence

between the L“l and the Ln.“ (re equivalent to e 47.6 - 7.0 I 40.6 dBA increase in the contour

value)‘ Naturally the L..." value tor a specific runway mode or for a specific aircralt type in the

movements mix can be somewhat higher than this modally averaged result.

For noise under the circuit path:

At 100 circuits per day , all by the Low kW FP category flying level in the circuit at 1000 n above

aerodrome level. with allowance for track dispersion, the LN“, contour value directly under
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the nominal circuit path is 40 dBA. Adjust this value for difference numbers of circuits by + 3 dBA
for each doubling and for circuit height by - 6.4 dBA for each doubling, Use the lateral offset
distances in Table III in order to calculate the circuit contour swathe semi-width for other contour
values:

Contour Value relative to Value -7
directly under NominalCircufl Pith -
dBA

0 I 1 5 445 705 1 030 1 355Swathe semi—width Otteet - metrea

   

For the modaliy and dispersion averaged L..." values add 16 dBA to each contour value. ie the
central value becomes 56 dB L“... Actual Ln... values for an aircrafl oircuiting directly overhead will
be about 8 dBA higher than the averaged value.

6. CONCLUSION

A onick method of estimating the broad area of noise impact for light piston engine propeller driven aircraft
operations in the vicinity of general aviation eerodromes has been devised. The method requires only
basic and readily obtainable information about the performance groupings of the types of aircratt ooncemed
plus a knowledge of the overall number of movements taking place within the new UK Aircraft Noise Index
Leq summer season and daytime hours split Into the percentages operating In each runway direction.

The method can be used to provide an initial indication of the land impacted by light aircraft noise with

reference to planning guideline noise exposure levels in terms of the new UK Aircraft Noise Index. but for
more formal. and perhaps critical. situations a full assessment from contours generated by the usual
computer model should always be performed.
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