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1.0 INTRODUCTION AND SUMMARY

1.1 PURPOSE

In 1976 the Airport and Airway Development Act was amended to include under: the
term "airport development" the "purchase of noise suppressing equipment, the con-
struction of physical barriers, and landscaping for the purpose of diminishing
the effect of aircraft noise on any area adjacent to a public airport”.

Preliminary to the possible establishment of specifications or standards for
noise control facilities to contain ground level noise. from aircraft, primarily
that due to ground run-ups for maintenance purposes, this review of available
noise suppressor and control facilities has been completed. The purpose of the
review is to identify those facilities which are presently in use and which
could be used at airports in the United States for those aircraft and engine
types presently used and anticipated at those airports.

The identification of effectiveness of these facilities along with potential
adverse effects on engines and airframes is necessary before any facility of
this type can be incorporated into airport planning or operation. The level

of detail required for such a projection is naturally related to the magnitude
of the problem, although the objective of this summary is to compile all avail-
able acoustical data and reports of potential mechanical impacts, to determine
whether the present data are sufficient upon which to base design standards and
specifications.

1.2 SCOPE AND METHODOLOGY

This survey has been limited to available published and unpublished documenta-
tion. In addition to the excellent previous survey of the Dunn reports (Refer-
ence 1) and supporting materials collected by the Federal Aviation Administra-
tion (SRDS), other materials contained in the files of the Minneapolis-St. Paul
Metropolitan Airports Commission and David Braslau Associates, Incorporated
(Reference 2) have been incorporated into the study.

In addition to this already available information, questionnaires were developed
and submitted to selected airports where known effective noise suppression
facilities are in operation. These questionnaires were directed primarily to

an expansion of the data base on acoustical performance and potential adverse
effects on engine and airframe from facility use.

1.3 BASIC TERMINOLOGY USED IN THIS REPORT

Several terms or expressions are used throughout this report and are assumed to
have the following interpretation:

Ground Run-Up (run-up, ground maintenance run-up). This term refers to that
engine maintenance procedure during which an engine or engines are run on the
ground at a maintenance facility, with the aircraft in a static position. These
procedures are generally used for fuel flow adjustment and throttle setting or
throttle stop checks. The term does not refer to the run-up of piston engines
prior to takeoff, nor to the revving of turbine engines prior to brake release
on takeoff.

1-1
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Part Power (trim power). This power setting is generally prescribed by the
engine manufacturer as that setting for which fuel flow adjustments are to be
made. The setting is normally well below maximum power but sufficiently above
idle power as to create potential noise impacts around the facility.

Noise Suppressor. This term refers in this report to a facility which has
been specifically designed and constructed to reduce noise levels associated
with ground run-ups, through treatment of the jet exhaust. The term is not in-
tended to include hush-houses, barriers, or run-up pens (see below) .

3

Hush-House. This is an enclosed or partially enclosed structure which sur-
rounds the entire aircraft. It is clear that such facilities may be suited for
smaller aircraft, although it is feasible that larger structures could be built
for the larger wide-body aircraft presently in use.

Noise Barrier. This is a wall or screen standing alone (or with others,
see run-up pen) which serves to interrupt noise propagation between the engine
and potential receivers of noise from the engine. These barriers may take on
various shapes and may or may not be treated with acoustical materials.

Run-Up Pen. This is a combination of noise barriers that is designed to
obstruct noise propagation in more than one direction. It is usually open on
one side to accommodate the placement of aircraft.

Aircraft Heading. This is the direction of the nose of the aircraft and
is considered to have a 0° heading or direction (as north on a compass). Noise
levels are then specified at various distances from the center of the aircraft
(or engine) with a direction measured in degrees clockwise from aircraft head-
ing. Thus, the highest noise levels associated with jetiengines generally fall
along the 135° and 225° directions (i.e., 45° to either side of the exhaust
direction from an engine).

Sound Level. Sound level -is given in decibels. The A-weighted level has
become more acceptable for use in evaluation of community noise impacts, and is
a measure which weights individual frequencies to approximate response of the
human ear. This level is abbreviated as dBA. The level for a single frequency
is abbreviated as dB. Octave band sound pressure levels are specified from 31.5
to 8000 Hz, with each frequency band center double that of the lower one.

1.4 SUMMARY OF FINDINGS

The type of acoustical data for suppressors and barriers varies widely, and
makes a simple comparison of facilities difficult. A summary of data available
is presented in Section 5, Table 5-2.

Noise suppressors can reduce levels by 27 dBA at 100 meters but only by about
10 dBA at a distance of 1 mile. For available data on noise reduction effec-
tiveness, see the data summary sheets contained in Section 7.5.

Noise barriers and run-up pens can reduce levels by 10 dBA at 1 km from the
engine. Detailed data are also presented in the data summary sheets in Section

7.5.
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Hush-houses, while effective for noisc reduction, are expensive. It is estimated
that a hush-house similar to that at. the Hamburg Airport; which cannot accommodate
wide-body aircraft, would cost approximately $8 million in 1978. See Section 5,
Table 5-11 for cost. comparisons.

Barriers and run;up pens rely more heavily on ideal meteorological conditions than
do suppressors, which operate directly on jet exhaust. See, for example, the dis-
cussion of the run-up pen at Osaka in Section 6.3.

Some problems with airframe vibration and/or exhaust gas reingestion have been
encountered with noise suppression facilities which enclose a major part of the
aircraft. See, for example, discussions of the Tegel pyramid and the Hamburg
hush-house, in Section 5.3.

‘Reports of potential problems with:airframe or engine performance appear to be

fewer with facilities which are owned, operated, and used by an airline, than
for those owned and operated by an airport and used by other airlines.

Cost data vary widely, as can be seen from Table 5-11 in Section 5, and only
approximate estimates for present day construction costs in the United States
may be made. '

In conclusion, it is clear that further study would be required before detailed
uniform standards and specifications for noise suppression equipment could be
developed.
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2.0 RECOMMENDATIONS

2.1 GROUND RUN-UP REQUIREMENTS

While a survey of available noise control equipment for ground run-up operations
can provide a basis for evaluation of potential noise control, a more comprehen-
sive and precise definition of the potential problem posed by ground run-ups
would be the next step towards problem solution.

A number of studies have been performed by the U.S. Environmental Protection
Agency under provisions of the Noise Control Act of 1972 to define primary
noise problems in the nation. The U.S. DOT, in its 23 Airport Study (Reference
3), has also tried to define major airport noise problems by examining present
and future operations and aircraft types, and estimating what future noise im-

i el SR RO Al

R

i pacts might be. j
An analogous procedure could be easily designed for ground run-up noise ekpo— ;
sure: ;

Step 1: 1Identify U.S. aircraft fleet and engine mix through the study period.

Step 2: 1Identify specific, typical, and average maintenance requirements for
the engines used in the fleet through the study period.

Step 3: 1Identify primary maintenance areas for scheduled, and nonscheduled
carriers and general aviation turbine operations.

Step 4: Correlate maintenance requirements and schedules from Step 2 with the
maintenance locations in Step 3.

Step 5: Develop generalized noise contours in dBA with associated times and
durations for the major maintenance locations identified in Step 3.
. H

Step 6: Compare projected noise contours with appropriate noise standards and
criteria (see discussion below).

Step 7: Develop description of probable noise impact and area or population
impacted.

Step 8: Determine level of noise reduction required to reduce impact to an

. acceptable level (as defined in Step 6).

Step 9: Review potential noise control devices and barriers to determine which
. may be applicable to particular problem areas, or appropriate run-up
management techniques.

T S A i MG 005 SR i

Step 10: Develop revised noise contours, based upon reductions anticipated by
use of ground control equipment, for the problem locations.

Step 11: Compare new noise contours with standards and criteria to determine
residual impact.

Step 12: Evaluate potential social and economic impacts of residual noise impacts.
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Step 13: Determine costs associated with noise control facilities used in Steﬁ
10. !

Step 14: Develop benefit-cost ratios as a whole and for individual airports
where potential ground run-up problems occur or may occur.

Step 15: ‘Make recommendations to the Federal Aviation Administration as to the
cost-effectiveness and the feasibility of a standardized or nation-
wide program for ground run~up noise abatement. ;

Such a study would identify whether or not there is a large-scale problem, and
what the most cost-effective means would be to solve that problem.

It should be noted that, with changing fleet composition, re-engined fleets,
and the development of new engines; maintenance requirements are continually
changing. Moreover, because of costs and fuel consumption, many operators are
seeking ways to reduce or eliminate ground run-ups, either through revised
maintenance procedures or in-flight monitoring.

The feasibility of ground run-up facilities must be based on ownership and user
requirements, which may vary from airport to airport. This also depends on

available locations and clearances for such a facility. The study at Minneapolis-

St. Paul International (Reference 2) indicated that the run-up problem could be
solved without capital investment in suppressors or barriers simply by limiting,
with regulations, the time, place, and weather conditions at, during, and under
which ground running would be permissible. -

A more difficult problem that must be solved before noise control requirements
can be imposed more widely is that of appropriate standards or criteria. The
run~up study in Minnesota was simplified because of explicit noise standards
(L10 and L50) which could be clearly compared with predicted levels and dura-
tions. In states where different standards are used, the development of impact
from ground run-up may not be as simple. The FAA Integrated Noise Model uses a
descriptor of "time above", which could be directly applied to run-up levels.
However, it has been left for each community to determine what time above level
should be acceptable. The U.S. Environmental Protection Agency and the Housing
and Urban Development Department presently use a descriptor L (day/night) which
is a 24-hour energy-summed noise level. With this descriptor, the contribution
from ground run-ups may be inconsequential when compared with in-flight noise.
It would appear therefore, as part of the overall study on potential impact of
ground operations, that a special effort be devoted to the identification of
appropriate noise standards and criteria, and that this effort be carried out
in conjunction with other federal and state agencies.

2.2 NOISE SUPPRESSORS

Specific needs and potential use of noise suppressors can be established by
the type of study recommended above. The ability to predict noise contours
from suppressor data will require, however, that sufficient information is
available or that noise reduction capabilities of suppressors are standardized.
As discussed in Section 6, no standard method of data presentation for noise
suppressors exists at the present time. Therefore, it would be necessary to
develop a more precise methodology for use in noise control prediction. The

2-2
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following studies are recommended:

Study 1: Evaluate potential for standard noise reduction data or "certification"
of ground run-up suppressors.

As noted above, this would require the identification of specific locations with
respect to the aircraft, under certain combinations of engine power settings and
given meteorological conditions. For "certification" it would be sufficient to
provide data in dBA only, while for use in prediction of community noise levels,
octave band data would be necessary. This study would determine if such an
approach is realistic and if participation from the major noise suppressor manu-
facturers could be achieved.

Study 2: Evaluate potential for airport ownership of noise suppressor facili-
ties.

The feasibility of noise suppressors would be considered under Step 15 of the
overall study program. A major problem which must be confronted is that most
suppressors are owned and operated by the users themselves. For suppressors
not owned by users, there are conflicting reports of effectiveness and damage
to engines and airframes. The financial, regulatory, and scheduling problems
associated with a multi-user facility, owned and operated by an airport; must
be examined in more detail before being recommended as an effective solution
to the ground run-up noise problem.

2.3 NOISE BARRIERS

Although barriers are somewhat easier to design than suppressors, proper design
requires technical competence in the subjects of acoustics, aerodynamics, and:
mechanics, as well as a knowledge of jet engine and airframe design and perform-
ance. As pointed out in this survey, a number of problems can occur even with
single walls, if the aircraft is too close or winds unfavorable. Where run-up
pens are used, the potential for exhaust gas reingestion is high, unless proper
design precautions are taken. It would appear that to preclude potential
problems, either previous designs should be used, or appropriate wind tunnel

or other tests carried out to ensure against such problems. The following
studies are recommended:

Study 1l: Evaluate potential for standard noise reduction data or "certifica-
tion" of noise barriers.

This is not as critical for noise barriers as for suppressors, since barriers
may take on different geometries and layouts to solve particular problems.
Where run-up pens or parallel walls are considered, however, a standard could
be established. As part of such a study, the modifications in performance due
to adverse meteorological conditions should be evaluated, so that the limita-
tions on performance with given meteorology can be included in the information
provided to a potential user of the facility. As with suppressors, specified
noise data should be available for barriers. Source characteristics must be
precisely defined, so that theoretical computations and even model tests can
be made. In most models, a point source generator is commonly used, but this
may not be satisfactory if the actual noise source is a complex volume source
close to the barrier.




Study 2: Develop Handbook for Airport Noise Barrier Design

A barrier design handbook for aircraft similar to one prepared for the Federazl
Highway Administration for highways (Reference 4) could be developed. The hand-
book was founded on a wide body of information on highway noise and experience
with barriers. Since that type of information is not as available for aircraft
ground run-up, additional studies or data collection may have to be completed
‘before such a handbook could be developed. In addition, the problem of back:
pressures and exhaust gas reingestion, not present with highway barriers, must
be considered. Should a program for the support and constructicn of airport
noise barriers be initiated, such a handbook should be developed, at least to
protect aircraft against potential hazards. :
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3.0 PREVIOUS STUDIES AND DATA COLLECTION

3.1 DUNN REPORTS AND SUPPORTING DOCUMENTATION

An extensive worldwide survey of existing ground run-up noise suppression equip-
ment and facilities was carried out in 1974 and 1975 by M.D. Dunn, Principal
Engineer, Environment and Security Branch of the Australian Department of Trans-
port (Reference 1). A comprehensive list of 16 questions addressing all aspects
of the noise control facilities was used during visits to airports where ‘such
facilities were in use. This list is contained for purposes of reference in
Section 7.2.

For the data collection process, ground run-up devices were divided into 5 basic

categories:

1) Walls/Banks/Pens
©2) Tubular Suppressors
3) Fixed Tubes with Deflectors and Side Walls
4) Hush Hangars
5) 1Inlet Devices (i.e., screens)
Information on costs and who is responsible for installation of the facility
was reviewed, indicating that in some cases the facility is built by the air-

port and used by all carriers, built by the major carrier and used by all, or
built by a carrier and used only by their own aircraft.

Because of the large amount of information contained in the Dunn reports, that

.material will not be reiterated here. That study served to identify facilities

which appear applicable to aircraft used in the United States, and provided a
basis for developing a modified questionnaire dealing mote directly with acous-
tical performance and adverse effects on airframe or engines.

Data contained in the Dunn reportsare not sufficiently detailed, quantitative,
or standardized to serve as a basis for establishment of standards or specifi-
cations for such facilities. Types of information sought in the present study
which were not contained in the Dunn reports include sound pressure level data
at specified locations (distance and direction from the aircraft or engine) in
A-weighted decibels as well as octave band values, documented reports of ad-
verse effects on engines or airframes due to use of suppressors, and current
cost estimates for construction of such facilities in the United States.

A summary of the noise control facilities described in the Dunn reports is pre-
sented in Table 3-1.

3.2 MINNEAPOLIS-ST. PAUL INTERNATIONAL GROUND RUN-UP STUDY

Because of legislative requirements, a detailed study on noise control require-
ments for ground run-up was carried out by David Braslau Associates, Incorporated
for the Metropolitan Airports Commission (Reference 2). That study contained an
overview of noise suppressors and noise wall proposals which could be used for
the aircraft at that airport.
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TABLE 3-1
NOISE SUPPRESSORS AND WALLS DESCRIBED BY M. DUNN

SUMMARY OF
DATA FROM EUROPEAN AND JAPAN TRIP
MAY 1974
Acoustical
Type Location . Aircraft Type Data Other Remarks
Cullum Muffler Amgterdam DC8 Measured Rarely Used
Concrete Walls Amsterdam All Measured
wWall g Frankfurt all n.a. : Run-Up Bay
Wall ! Frankfurt All Theoretical | 2 km from Airport
.| Hush Hangar Hamburg 707,727,737 Measured
Pyramid Berlin All Theoretical
Wall Dusseldorf | All Measured
Cullum Muffler (mobile) | Zurich Caravelle n.a.
Schneider Muffler : DC9,SE210,
(fixed) Steh BAC111,F28 Renmyied
Gerber Tubes (adjust.) Zurich 707,DC8,CV990 | Measured
Gerber Tubes Zurich 747 Measured
Gerber Tubes Zurich DC10 Measured
Boet Mufflers orly 727 Measured
Boet Mufflers Orly 707 Measured
Bertin Tubes Oorly Caravelle n.a.
Boet Tubes & Walls de Gaulle DC10/A300 Theoretical F17T92:?er iy
Wall de Gaulle All n.a.
Cullum Mufflers Heathrow Trident ,BAC111 | n.a.
Walls (parallel) Heathrow L1011 n.a.
Cullum Mufflers Heathrow B747 n.a.
Cullum Mufflers Heathrow B707 n.a.
IAC Supptessor (port.) B707 n.a.
IAC Suppressor (adjust.) B707 Theoretical
IAC Hush-House HS125 Measured
IAC Suppressor Bristol Concorde n.a.
IHI Suppressor Narita B747/B707 n.a.
wall Osaka B727 n.a.
DATA FROM U.S.A. TRIP
FEBRUARY 1975
Koppers Suppressor B707/Cv880 Estimated No Longer Used A
Koppers Suppressor RF /F4 Measured Military Only
Koppers Suppressor :::tgizzé L1011/B707 Theoretical | Proposed Only
Military Only (Pan
IAC Suppressors n.a. AR Used Screens)
Getter Hush-~House Miramar F4,F8,F14,F15 n.a. Military Only
‘Bogzngrggzgga Wichita :i;i;::y,dreb n.a. Under Development
Walls (parallel) Minneapolis | All Theoretical | Proposed Only
Noise Barrier los Angeles| All Measured Unsuccessful
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Detailed modeling was based upon acoustical data obtained from major operators
at the airport to determine if a field operating rule could be used in lieu of
a noise control facility. Options developed for controlling run-up noise at
the airport included strict controls on aircraft heading, bans on run-ups dur-
ing certain wind conditions except for emergencies, and the erection of one,
two, or three walls in different configurations. Because of the proximity of
most available apron areas to the runway/taxiway system on the airport, the
erection of fixed structures in these areas is restricted. A run-up location
was selected on the field at a location that was acceptable to all major
operators, even though the site had been constructed by a specific air carrier
for its own maintenance operations. The usé, scheduling, and cost allocation.
of noise suppression facilities were major concerns of the airport operator as
well as potential users of such a facility. Use of a suppressor owned and
operated by an airport rather than an operator raised a number of difficult
questions. :

Noise monitoring concepts, data collection, and modeling from this study have
served as a basis for the development of acoustical data requirements recom-
mended in the present study.

3.3 OTHER DATA

In addition to literature describing specific noise suppressors and barriers,
collected in the Dunn (Reference 1) and Braslau (Reference 2) reports, major

manufacturers have prepared documentation on the construction and performance
of various devices.

Cullum Detuners Ltd. has prepared a "History of Mufflers" developed by the
company (Reference 5). This report.discusses the various design concepts for
controlling ground run-up noise of aircraft and describes successful suppressors
designed by the company. Details on construction of hush-houses, acoustic
splitters, and exhaust detuners are provided. Specific data are given for
facility design and operation for the General Dynamics F-16 aircraft, and photo-
graphs of Cullum run-up installations from 1954 through 1978 are presented. A
brief history of the company is also included.

Industrial Acoustics Company has issued a series of documents dealing with
ground run-up equipment (References 6, 7, and 8). In addition to the basic
technology of ground run-up suppressors, an introduction to jet noise and

the reasons for ground run-ups is presented. Descriptions are provided for
fixed or demountable test cells, portable ground run-up suppressors, air-
cooled suppressors, intake noise silencers, and exhaust suppressor gap noise
silencing. The recent suppressor system for the Concorde is also described
(see Reference 9). For the Multi-jet Suppressor, effectiveness for a typical
jet engine is presented for a distance of 1000 m 2nd 360°, with some octave
band data on suppressor performance.

The firm of Oskar Gerber has prepared a brochure showing several types of
suppressors designed by that company, with accompanying reduction data (in
dBA in all directions) for the Starfighter and the JT9D engine using different
suppressors. A description of fixed tubular suppressors and associated noise
screens is contained in the brochure, which emphasizes the importance of using
such screens in conjunction with normal exhaust mufflers.
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Ishikawajima Harima Heavy Industries has constructed, under license from Oskar
Gerber, a major suppressor at Narita. 1In addition, the company has prepared a
colorful brochure showing the effectiveness of suppressors for military and
civil aircraft (Reference 10). While contours for the B747 are only computed,
actual data have been collected since the facility has been in operation, and
are discussed further in Section 5. The company has also prepared sketches
and specifications for a number of other suppressors. ;

S.A. Andre Bodt has prepared technical specifications for a number of suppres-
sors. These are discussed separately in Secgion 5 (see References 11-14).

While a large number of suppliers and manufacturers of sound control and sup-’
pression equipment are contained in the Dunn reports (see Reference 1, Phase 1,
Appendix 4, pp 7-8), the informational brochures discussed above serve as an
example of the type of information which is available from manufacturers of
equipment. The discussion of available information presented here is not in-
tended to be complete, but only indicates the type of information available

for those desiring more specific information in certain areas.




4.0 DATA COLLECTION FOR THIS STUDY

4.1 DEVELOPMENT OF DATA REQUIREMENTS

Based upon the primary purpose and scope of this study, data needs for both
acoustical performance and potential adverse mechanical effects have been iden-
tified. .

4.1.1 Acoustical Data Requirements

Potential effectiveness of noise suppression facilities may be estimated using
theoretical methods, based upon a reliable and sufficient data base. The pre-
diction of noise levels in the far field (where land uses may be adversely im-
pacted by ground run-up noise) requires at least information on sound pressure
levels and an associated frequency analysis (octave band data are sufficient
for most purposes) at a specific distance from the engine and suppression
facility at points in at least eight directions from the aircraft. While data
in most other suppressor studies have described noise behind the aircraft (be-
cause noise levels there are the highest), the study for Minneapolis-St. Paul
(Reference 2) showed that noise levels in front of the aircraft can be of a
more objectionable intensity than noise levels behind the aircraft under some
conditions. Suppression facilities equipped with intake noise control features
can provide substantial attenuation of frontal noise and should be considered
for use where such attenuation is needed.

To develop more useful descriptions of the effectiveness of noise suppressors,
performance data of the following kinds were solicited from their owners, de-
signers, and users:

e The make and model number of the aircraft and engine generating the
noise. :

® ' The power settings of the engine when noise measurements were being
made.

Meteorological conditions prevailing during the noise measurements.

Location of the measurement device (microphone) with respect to both
ground and noise generator.

® Other pertinent information.

4.1.2 Information on Potential Adverse Mechanical Effects

Because of the sensitivity of some engines to compressor stall and others to
back pressure, it is essential that suppressors and barrier devices be designed
30 as to minimize or eliminate such potential impacts. Because reflected sound
can cause fatiguing or destructive vibrations in airframes, hush hangars, and
other facilities (e.g., noise pens or barriers) because they redirect sound
waves, they must be carefully designed, carefully sited, and carefully used.
There have been reports (see Section 5.3) of such damage to engines, i.e., en-
gines destroyed or damaged, and some damage to airframes because of inadequate
consideration to such effects in noise control design. In most cases, wind
tunnel studies have been performed prior to construction and operation of the
facilities. 1In other cases, the problems have been identified only after the
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suppressor is in operation. In some cases, the problem has been solved, while ]
in others, no satisfactory solution was found. ; |

For these reasons, the following data have been requested:

e What damage to engines or airframes has occurred with facility opera- 'E
tion? . A

e What problems with restricted air flow, exhaust gas reingestion, or
back pressure have occurred? :

e - What problems with acoustical loading of airframes or componentsvhave i |
been reported? ; |

e What agreements or warranty changes have been obtained from manufac-
turers whose engines are tested in such facilities?

4.1.3 Other Data : e A E |

Construction and operating cost data were requested so as to develop estimates .
-of approximate cost, should these facilities be constructed at airports in the :
United States. 3

Information as to the owner and user of the facilities is important, as it pro-
vides a basis for the evaluation of user response. Space requirements depend

upon the type of facility being considered. Setup requirements, except for mo-
bile suppressors and large walled-in areas, are generally similar, although any
special considerations or equipment would be of interest to potential users of
such facilities. E

For these reasons, data were also requested concerning:

Owner/operator of the facility.
Space requirements.
Construction and maintenance costs. -

Setup requirements.

Safety regquirements.
4.2 DEVELOPMENT OF QUESTIONNAIRES

Because noise control facility performance data and information on side effects ﬁ
provided by Dunn and others were insufficient for FAA purposes, this study was '
commissioned and additional data sought. Having a very small budget for this i
study, data collection methods were limited essentially to obtaining the infor-
mation through the mails. Questionnaires were developed for obtaining the kinds
of information described in Section 4.1 above. Questionnaires were made as
simple and as brief as possible to obtain only that information needed for
evaluating the suitability of existing facilities for possible employment in the
United States. An example of the questionnaire used in this study is contained
in Section 7.3. ‘ :
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4.3 DATA COLLECTION PROCESS

Step 1: Specific suppressors or facilities in selected cities and airports were
identified, using previous studies and discussions with appropriate air-
port and airline representatives.

Step 2: Questionnaires were prepared for each of the suppressors or suppressor -
groups, addressed to the owner/operator, the designer, and the user of
each facility.

’ Step 3: The questionnaires were sent to those FAA offices which maintained
Sl liaison with the cities in question, with a request for questionnaire
distribution in such a manner as to ensure a timely response.

Step 4: For those airports with significant noise ‘suppression facilities, a
follow-up memo was requested through the appropriate FRA office. .

Step 5: Questionnaires were received and translated as necessary.
Step 6: Additional data were collected during a brief visit to Zurich.

Step 7: Questionnaires were evaluated and compared with previously existing
information.

4.4 EVALUATION OF RESPONSES
Table 4-1 presents a tabulation of responses received.
4.4.1 Berlin

In Berlin, use of the noise control facility is required for all run-ups. Re-
sponses from 5 companies indicated use of the facility and provided some in-
sight into potential problems which might arise from a facility owned and
operated by someone other than the user.

A noise measurement report by the Technical University of Berlin and supporting
documentation from Dipl. Ing. Thomas Meyer contained sufficient data to develop
a noise reduction contour for the facility at a distance of 100 meters.

4.4.2 Osaka

A very detailed and complete reply to our questionnaire was submitted by All
Nippon Airways concerning construction and use of a 3-walled run-up pen in

¥ Osaka. In addition, a noise measurement report as to the effectiveness of the
facility was included, indicating that the structure performed as well or
better than predicted by computation.

4.4.3 Tokyo

Questionnaire fesponses were provided by the designer (IHI) and operator and
user (Japan Airlines) for the facility at Narita. Since the facility has not
been in use that long, only preliminary noise measurement information was sub-
mitted.
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TABLE 4-1
RESPONSE TO QUESTIONNAIRES AND UPDATED INFORMATION RECEIVED

Berlin
Berlin Airport Questionnaire Response 4
Technical University of Berlin Noise Measurement Report No. 6574 : g
Pan American Questionnaire Response 1
Air France Questionnaire Response
British Airways _ Questionnaire Response
Dan-Air Engineering Ltd. Questionnaire Response
Aeroamerica Questionnaire Response
Thomas J. Meyer Questionnaire Response
Osaka '
All Nippon Airways Questionnaire Response
All Nippon Airways Noise Measurement Report
Tokyo
Japan Airlines Questionnaire Response
Ishikawajima Harima Heavy
Industries Questionnaire Response
London
Cullum Detuners Ltd. "History of Mufflers" - Cullum Detuners Ltd.
Paris
Aeroport de Paris Letter of Data Transmittal
"Noise Mufflers for Jet Engine Run-Ups"
Note on Ground Run-Up Silencers
Field Rule for Ground Run-Ups
Off Airport Noise Measurements for Ground Run-Ups
Dusseldorf
Dusseldorf Airport Letter Indicating Use of Wall not Mandatory
LTU Lufttransport-Unternehmen Questionnaire Response
Frankfurt
Frankfurt Airport Letter of Transmittal
Press Release on Freight Area Noise Barrier
Hamburg
Hamburg Airport / Questionnaire Response with the following attach-
ments:
Noise Measurement Report on Hush-House (T.J.
Meyer = 1969)
Letter from T.J. Meyer on Improvement of Hush-
House
Noise Measurement Report on Hush-House (G.C.
Dettmann - 1969)
Lufthansa Questionnaire Response
Article entitled, "The Noise Proof Hall"
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4.4.4 London

A general informational document on Cullum mufflers was received.

4.4.5 Paris

A summary of noise control devices at Charles de Gaulle and Orly was submitted
by Aeroport de Paris, along with an extensive record of off airport noise
measurements associated with ground run-ups at Charles de Gaulle. A detailed
field rule governing ground run-ups was also submitted.

4.4.6 Dusseldorf

A brief letter from Dusseldorf Airport indicated that use of the barrier was not
mandatory and that no specific noise measures were available. A questionnaire
response from one user (LTU) indicated some early problems with run-ups near the
facility.

4.4.7 Frankfurt

A letter of transmittal and press release describing the noise wall separating
the freight facility from Kelsterbach was received.

4.4.8 Hamburg

A questionnaire response by Hamburg Airport with detailed transmittals of infor- ;
mation on the acoustic effectiveness of the hush-house provided an excellent
summary of its effectiveness. It was indicated that less expensive means are

now available for the control of noise from ground run-ups.




5.0 INFORMATION SUMMARIES FOR NOISE SUPPRESSORS AND BARRIERS

5.1 NOISE CONTROL DEVICES CONSIDERED

The noise control facilities evaluated in this report are listed in Table 5-1.
It was felt that these noise control facilities would be representative of the
state-of-the-art.

The list here represents a range of control facilities from a single noise bar- -
rier (for example, Frankfurt) to a completely enclosed structure (Hamburg). The
- type of device most cost-effective in any particular situation depends upon
- weather factors, the noise attenuation required, and the distances and topography
between the source and receiver. It will be seen that, for properly oriented
& run-up pens, the attenuation at distances over 500 meters can be almost as great
as that from a suppression device. It should be emphasized, however, that
meteorological conditions have a significant and greater impact on the effective-
ness of barriers chan on suppression devices.

It should also be emphasized that with the introduction of new engines to power
either the existing or new generations of aircraft, some of the results of this
study may not be applicable. This will be discussed further in Section 6.0.

5.2 ACOUSTIC DATA AVAILABLE

The wide variety of parameters which affect acoustical performance as well as
available measurements precludes a simplified summary of acoustical data. How-
ever, a presentation of data which are available for evaluation is contained in
Table 5-2.

The following information is contained in this table:

ID No.: Each facility is given an identification
number for reference purposes.

Noise Control Facility: The general type of facility is identi-

fied here.
Distance (near field or far The distance at which the noise measure-
field): ment has been made, if less than 500 feet.
' 3 Direction(s): The direction or directions from the nose

of the aircraft at which measurements
have been made.

Level: The type of sound level measurement made,
i.e., dBA or other weightings ("model"
under Ll~4 indicates that the measure-
ments were made from a model only).

Frequency Data: The type of frequency data available
(necessary for modeling purposes).
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TABLE 5-1

NOISE SUPPRESSION DEVICES/BARRIERS REVIEWED

e !

ID : Aircraft/
No. | City Airport Type of Device Engines Remarks
Al-1 | Amsterdam Schipol Cullum Suppressor |DC8 Rarely Used
Al-2| Amsterdam Schipol Concrete Wall aAll
Bl-1| Berlin Tegel Noise "Pyramid" all
B2-1| Bristol Filton IAC Suppressor Concorde
Dl-1 bgsseldorf Noise Wall All Not Mandatory
Fl-1\| Frankfurt Noise Wall All Freight Area
H1l-1| Hamburg Hush-~-House JT3,JT8,CF6
L1-1) London Heathrow Cullum Suppressor |Trident/

BAC111
L1-2 | London Heathrow Cullum Suppressor |B747
L1-3 | London Heathrow Cullum Suppressor |B707
L1-4 | London Heathrow Run-Up Pen L1011
L1-5| London Gatwick IAC Suppressor B707
L2-1{ Los Angeles | International Run-Up Pen All No Longer Used
Ol-1| Osaka Run-Up Pen YS11,B737,

B727,L1011
Pl-1| Paris de Gaulle Boet Suppressor B747
P1-2 | Paris de Gaulle Boet Suppressor A300/DC10/

Concorde
P1-3| Paris de Gaulle/Orly | Boet Suppressor B707/DC8
P1-4| Paris de Gaulle/Orly | Boet Suppressor B727
P1-51| Paris de Gaulle/Orly | Bertin Suppressor | Caravelle
Tl-1; Tokyo Narita IHI Suppressor B747/DC8/

DC10
21l-1! Zurich Kloten Schneider Suppres-| DC9

sor

Z1-2| Zurich Kloten Gerber Suppressor | DC8/B707/

CV990
21-3| Zurich Kloten Gerber Suppressor | B747
Z21-4| Zurich Kloten Gerber Suppressor | DC10/GE

CF6-~50A
Z1-5| Zurich Kloten Cullum Suppressor | DC9 Rarely Used

T
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From the table, it can be seen that:

® The distance for near field measurements is variable, because of limita-
tions of existing structures or terrain and the dimensions of the noise
suppression facility in question.

® The distances at which far field measurements were made were not the same
since they were chosen to describe the effectiveness of different noise
control facilities for alleviating different problems at different air-
ports. ;

e Sufficient data for noise contour development are only available for a
small number of the suppressors. . s

Most data are available in 4BA.
® Octave band data, that would be necessary for modeling purposes, are d
available for pbnly five of the facilities.

A summary of acoustical data for facilities where at least one distance, direc-
tion, and level are available, is presented here. :

e Bl-1 Partial Hush-House (Berlin/Tegel) (Reference 15)

Measurements of sound pressure levels were made on March 3, 1975 by the Tech-
nical University of Berlin. While run-ups were tested for the B720 and BAClll,
data for the BAC1lll provided the best basis for facility effectiveness. A
total ¢ nine tests were carried out, with spectral data collected at seven
points and A-weighted levels measured at an 8th. The seven points were located
100 meters from the engine being run, and ranged from in front of the aircraft
to 164°. The tests lasted 90 seconds with levels used registering at least 10
seconds.

The effect of placing the aircraft in the center and left and right of center
in the facility was determined. A contour of noise levels for the BAClll is
presented in Section 7.5.1. A dicussion of the acoustical test and performance
of the facility is contained in a response from Dipl. Ing. Thomas Meyer (see
Section 7.4.1).

e Hl~1 Hush-House (Hamburg) (References 16, 17, and 18)

A detailed report on run-ups of a B727 with a tail-in position inside the hush-
house indicates that a 20 @BA reduction at 1000 m can be anticipated. The tail-
in use of the hush-house for aircraft with tail engines (such as the B727) and
other larger aircraft which were not able to fit into the structure as it was
initially designed and expanded for jet operations was also considered. Figure
5-1 indicates the different levels, measured at 1000 meters from the hush-house
for the tail-out (normal) measurement of September 23, 1964, and for tail-in
(abnormal) measurements of September 30, 1969. It can be seen that the use of
the hush-house as a muffler rather than as it was initially designed can be
much more effective for noise reduction in the directions of interest.

® Ll-1 Cullum Trident Suppressor (London/Heathrow) (Reference 19)

Measurements were made by the Ministry of Aviation on January 25, 1964, of run-
ups with a Trident 1 with Spey engines fitted with noise suppressors. Measure-
ments were made on a circle of 300' with its center at the exit of the port
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engine. Details of the various run-ups, measurement points, and results in
PNdB and octave bands are contained in Section 7.5.3. It should be noted that
overall reductions were determined in terms of PNdB, rather than the more com-
mon dBA used today. A maximum reduction of 10 PNAB was measured at 300' with
takeoff power.

@ . L1-3 Cullum B707 Suppressor (London/Heathrow) (Reference 20)

Measurements were made by the Ministry of Aviation on September 21, 1960, using
a B707/436 aircraft with Rolls Royce Conway 508 engines fitted with Type OU
29975A noise suppressors. Readings were presented in terms of overall sound
pPressure level, phons, and octave band data. An example of the reduction achiev-
able by the suppressor for run-up at cruise power is presented in Table 5-3.

Thus, it can be seen that the suppressor reduced levels by as much as 20 dB in
the maximum noise direction, although it caused a 7 dB increase towards the
front of the aircraft.

® Ll-4 Run-Up Pen (Model Results) (Reference 21)

Modei studies made for British Airways by the National Physics Laboratory, using
a scale of 1:40. Model noise measurements limited to 80 KHz gave data at full
scale up to 2 KHz from which an extrapolation to include the octave band centered
on 2 KHz was made. An energy average of measured noise over the face of a ser-
vice hangar and another building were used to describe the potential environment
in the near field. A number of different typesof facilities were considered in
the measurements. The results of these are presented in Table 5-4.

Note that in the near field, a reduction of only 3 dBA can be expected, while
with a complete roof, a maximum of 8 dBA was measured. For the residential
areas (1200 m) only the attenuation values are presented, being as high as 14.8
for the wing~-mounted engines and as low as 7.5 dBA for the tail engine.

e L1-5 IAC B707 Suppressor (London/Gatwick) (Reference 22)

Measurements were made by the Civil Aviation Authority on March 22, 1973, using
a B707-320 owned by Laker Airways. Because of the circumstances of the tests,
measurements with muffled and unmuffled runs could not be carried out at the
same location, thus making it difficult to evaluate the actual effectiveness of
the suppressor. Results of the measurements are presented in Table 5-5. The
3200' site was approximately 185° from aircraft heading, with the 1100' site
260° from aircraft heading. As with the Trident, measurements were presented
in terms of PNdB, with the highest reduction at 300' of 10 PNdB.

® L2-1 Run-Up Pen (Los Angeles International Airport) (Reference 23)

Measurements were made by Bolt, Beranek and Newman, Inc., on March 5, 1969,

using a B720B aircraft. Baseline measurements were made with the aircraft posi-
tioned outside of the sound shield. Measurements were made along a circular
traverse approximately 200' from the aircraft, with 4 community area measurement
points also included. A number of engine combinations were used in the tests.
Between 60° and 300°, the attenuation reached as high as 20 PNdB. Table 5-6 pre-
sents a summary of measurements at the outer (residential) stations. Note that
for those stations in front of the aircraft there is little if any reduction.
(Note: Because of reingestion problems (see Section 5.3) use of this facility
was discontinued.)
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: TABLE 5-3
CULLUM B707 SUPPRESSOR

Noise Level Measurements at 300' from Engine
(Cruise Power - Outer Port Engine)

Overall Sound Pressure Level (dB)

Direction (angle from jet axis)
30° 45° 60° 90° | 135° 180°
¥ Port Side t
Unmuffled 121 120 113 103 100 105
Muffled (Muffler No. 1) 102 98 101 98 - 107 105
Starboard Side ; }
Unmuffled 115 118 - - -- -- , %
Muffled (Muffler No. 1) 102 102 -- - - - |
H Reduction Due |
To Mufflers
Port Side (Muffler No. 1) 19 21 12 5 -7 0
Starboard Side (Muffler 13 16 - - -—- -
No. 1)




TABLE 5-4
MODEL RESULTS FOR L1011 RUN-UP PEN :
Average Value of Measurementé over Facade of
Servicing Hangar and North Block
Aircraft  Parallel Wall With Partial With Complete
. Unobstructed Enclosure Roof Roof §
kngine No. dBa ; ;
1 106.9 98.4 98.1 98.0 %
2 103.4 100.2 95.7 96.3
3 103.5 100.1 101.3 100.5 -
B
Average Value of Measurements Excluding Results
Down Westerly Edge of Servicing Hangar
v 4
Aircraft Parallel Wall With Partial Wwith Complete
Unobstructed Enclosure Roof Roof &
ngine No. dBA
1 106.7 96.6 94.2 93.1 .
2 103.1 99.2 93.8 87.4
3 102.2 92.9 89.8 ' 87.6 k
;
:
Enclosure Attenuation in Relation to .
Residential Areas in Bedfont :
Parallel With Partial With Complete e ;
wall Roof Roof
fngine No. dBA
1 14.8 11.9 12.8 g
2 7.5 10.7 15.3
3 14.6 12.7 14.1




TABLE 5-5

| NOISE REDUCTION FOR
INDUSTRIAL ACOUSTICS CORPORATION B707 SUPPRESSOR

Measuring Distance Engine Average Noise Levels PNdB Noise

Site From Power Level
Aircraft Setting Unmuffled Muffled Reduction

(feet) (PNdB)
- 90° 300 Cruise 114 116 4
90° 300 Maximum 118 114 4
60° 300 Cruise 116 113. 3
60° 300 Maximum 122 116 6
45° 300 Cruise 119 113 : 6
45° 300 Maximum L25 117 8
30° 300 Cruise 112 105 7
30° 300 Maximum 119 109 10
Lowfield 3200 Cruise 66 - =
Heath 3200 Maximum 71 = et
Heath 1100 Cruise o 74 --
Heath 1100 Maximum - 78 —
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e 01-1 Run-Up Pen (Osaka) (Reference 24)

Measurements were made for All Nippon Airways on November 17 and December 7,
1971, using a B737 with JT8D-9 engines. Measurements were made at six points
45° apart along a circle with a 100 m radius from the engine. Five additional
points (see Table 5-7) surrourding the airport were also used in the tests.
Detailed results of the measurements are contained in Section 7.5.2. .The re-
sults indicate that the run-up pen is very effective behind and to the sides
of the aircraft, showing a reduction of 14 dBA at 90° and as much as 15 dBA at
135°, both angles measured from aircraft heading. There is a slight increase
in noise level (maximum of 2 dBA) in front of the pen due to reflections from
run-up pen walls. For the more remote stations, the noise level was equal to
or less than that predicted with the run-up pen. This is shown clearly in
Table 5-7.

TABLE 5-7
NOISE REDUCTION FROM RUN-UP PEN AT REMOTE POINTS

Estimated Level Design Level Observed Levai
No. ; Distance without Wall with Wall with wWall
P-1 850 m 70 dRA 65 dBA 57 dBa
pP-2 630 m 75 dBa 65 dBA 68 dBA
P-3 470 m 85 dBa 70 dBA 66 dBA
P=-3-1 720 m 90 dBA 75 dBA 73 dBA
P-4 / 890 m 80 dBRA 80 dBA 80 dBRA

Thus, it can be seen that the run-up pen is estimated to have reduced levels
by as much as 19 dBA at Point P-3, and in general is at least as effective as
theory would indicate.

e Pl-1 Through P1-4 Boet Suppressors (Paris/de Gaulle and Orly)
(References 11-14 and 25)

While a large number of nighttime noise level measurements are available at
selected points around Charles de Gaulle Airport for aircraft at various loca-
tions on the airport, both using and not using suppression equipment, no spec-
ific study indicating suppressor effectiveness is available. The Boet Company
has prepared specifications for each of their noise suppressors being used at
Paris, and indicates a guaranteed reduction for the suppressors as follows:

Aircraft Reduction at Noisiest Point Behind Silencers at 100 Meters
B747 20 dBA (residual at 1500 m about 50 dBA)

A300 B2/DC10 20 dBA (residual at 1500 m about 50 dBA)

B707/DC8 30 dBA (reduction of about 12 dBA at 2 km)

B727 29 dBA (reduction of about 10 dBA at 2 km)
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e P1-5 Bertin Caravelle Suppressor (Paris/de Gaulle and Orly) : |

(Reference 25)

the aircraft at a distance of 100 m.

shown for the 250 Hz band.

A noise reduction contour (dBR) indicates a maximum reduction of 27 dBA behind
1/3 octave band data are also available
for the point: 100 m and 45° from the engine axis.

® Tl-1 High-Bypass S gpressor (Tokyo/Narita) (Reference 26) |

A reduction of over 30 dB is E |

Because the opening of Narita is recent, the Japanese have not had time to com-
plete planned noise studies descriptive of suppressor effectiveness.
measurements were made on August 8, 1978 with the results shown in Table 5-8.

However,

additional detailed data in the future.

sented in Table 5-9.

TABLE 5-8 <
i SOUND LEVEL MEASUREMENTS (140° and 700 m from nose) :
| - 3
i B747 (JT9D-7A, #2TO, #3 Part, #1,4 Idle) DC10 (JTQD-SQA, #2T0, #1,3 Idle)
1 w/suppressor w/o_suppressor ° w(suggréssor w/0_suppressor
o 63Hz 76 95 79 104
125 67 89 73 99 : ]
250 52 71 61 82 ' ’
500 38 63 46 e 66
1000 38 63 46 66 .
2000 ' 38 : 64 40 62 j
| 4000 35 60 35 59 i
; 8000 32 47 v 53
dBA 53 - 74 58 83 &
From these preliminary measurements, it can be seen that a reduction of 21 dBA A
was measured for a B747 and 25 dBA for a DC10. The Japanese expect to collect 7

e Zl-1 Schneider DC9 Suppressor (Zuricglgloten)

Noise level data were provided to this author during a visit to Zurich.
ments were made at 200' and 30° from the engine axis, for comparison with data
provided by the Douglas Aircraft Corporation.

TABLE 5-9

Measure-

The observed reductions are pre-

Frequency (Hz)
Attenuation (dB)

63 125 250 500
24 28 34 3

1000 2000 4000 8000 dBA
31 27 15 9 27
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The primary objective of the suppressor installations at Zurich airport was to
reduce aircraft run-up noise in Rliimlang, a residential community 2400 meters
from the run-up area. It has been reported that the installation has been per-
forming successfully; and, as anticipated by the designers, community noise
levels, attributable to the aircraft run-ups, do not exceed 50 dBA.

A new suppressor with an oval rather than a circular entrance cross section is

presently in operation in Vienna, with a reduction of 29 rather than the 27 dBA
achieved with a circular opening. This may be due to better airflow with sup-

pressor use or less sensitivity to accurate placement of the aircraft.

® 2Z1-3 Gerber B747 Suppressor (Zurich/Kloten) (Reference 27)

Noise reduction data for this suppressor has been taken from a brochure prepared .
by Oskar Gerber. A 360° noise contour for the JT9D at takeoff power and a dis-
tance of 100 m is provided, indicating that a maximum attenuation expected at
this distance is 19 dBA at approximately 135° from aircraft heading.

°® Z1-4 Gerber DClO Suppressor (Zurich/Kloten) (Reference 28)

Measurements were made on March 6/7, 1973, to determine if the suppressor met
the guardntee of 50 dBA in Rﬂmlang, 2400 meters from the run-up site. The ob-~
served noise levels (but not excess attenuation) achieved by use of the sup-
pressor are shown in Table 5-10. The higher level for Engine #2 is due to the
elevated nature of the tail engine and less benefit from ground attenuation.

TABLE 5-10
i :
i Engine Settings Observed Level (2400 m)
; #3-Toss, #1-98%, #2-Idle : 47 dBa
! #2-108%, #1,3-Idle ; : 49 dBA

e  Experimental Coanda/Refraction Noise Suppressor (Reference 29)

This prototype suppressor was evaluated by The Boeing Company for the Naval

Air Engineering Center to determine if it could be more effective acoustically
and mechanically than existing suppressors for military engines. While the
prototype was effective for a single engine, there is no program at the present
time to continue development for in-airframe engine run-ups. The suppressor

was most effective in reducing noise levels for high velocity streams associated
with the afterburning mode, and does not appear to offer any particular benefit
over existing technology for civil aircraft engine noise suppression. Such a
system is also more important for high temperature exhausts associated with
military engines, where direct contact with suppressor walls can be minimized.

Results of tests with this suppressor are presented here for completeness.
Excerpts of the type of data available from test runs are included in Section
7.5.4. The suppressor reduced levels of an afterburning military J57 engine by
as much as 35 dBA 250' from the device, and as much as 30 dBA at one mile.
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5.3 LIMITATIONS ON USE AND POTENTIAL PROBLEMS

Limitations on use of facilities because of weather and the closely related
problem of potential adverse impacts on engines or airframes are examined here
for the suppressors under consideration. Only those facilities for which some
type of information is available are addressed.

e Bl-1l Partial Hush-House (Berlin/Tegel) (Reference 15)

While Berlin Airport indicated that the usability of the noise shelter is not
limited by meteorological conditions, one airline indicated that with winds
approaching 90° to aircraft heading, some problems are encountered and that
wind conditions may at times prevent use of the facility. Another airline in-
dicated that when the prevailing wind is directly into the hush-house, turbu-
lence is created which causes airframe vibration and makes exhaust gas reinges-
tion more probable. It was pointed out by another that severe icing conditions
can make aircraft approach and positioning within the pyramid difficult.

Acoustic loading of the aircraft has been eliminated by use of unidentified
highly absorptive materials, and that any éignificant vibrations below 50 Hz
(which may excite structural elements) are'not present. A plexiglass model
was used for airflow tests prior to construction and changes made in the de-
sign to ensure that this would not occur. Based on model tests, Dipl. Ing.
Meyer anticipated the installation of additional deflecting surfaces to pre-
vent exhaust gas reingestion. Subsequent to the design work and prior to the
installation of special deflecting panels, measurements of actual reingestion
were made. The measurements indicated that special deflecting surfaces would
not be necessary and so they were not installed.

One airline indicated that reverse airflow occurs during high power runs with
the BAC111-500 and B727-200 aircraft which causes tail vibration and subsequent
effects on engine performance. Another experienced one occasion of aircraft
damage due to mispositioning within the pyramid, where excessive back-flow
across the wings resulted in an access panel being blown off the aircraft.
Another indicated that certain wind directions cause some reingestion particu-
larly by outboard engines.

These contradictory responses may be attributed to a noise abatement facility

built and operated by an organization other than users of the facility. Fewer
reports of problems have been reported for those facilities owned and operated
by the same entity.

® D1-1 Noise Barrier (Dﬁsseldorf)

One operator indicated limitations on run-ups with RB-211 engines with winds
not in line with aircraft heading. Only under ideal conditions of wind speed
and direction can the RB-211-22B be run at maximum power, and is limited to

90% of maximum thrust for maintenance run-ups to prevent buffeting and stalling
due to back pressure which may occur.

e Hl-1 Hush-House (Hamburg) (References 16, 17, and 18)

Measurements were made within the structure using small flags to identify the
nature of airflows. There was no indication of recirculation of exhaust gases
out of the structure that could be reingested. Only a small closed flow was
found within the intake tower.
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®. L2-1 Run-Up Pen (Los Angeles International) (Reference 23)

The circular and inward sloping nature of the barrier at Los Angeles caused
initial problems with the ingestion of gases. While some modification in the
structure was carried out, this did not solve the problem sufficiently, and
with user reluctance to perform run-ups within the pen, its use was finally
terminated.

e 01-1 Run-Up Pen (Osaka) (Reference 24)

A run-up restriction chart has been developed for the facility, and is contained
in the All Nippon Air response in Section 7.4.3. As indicated in their response
the facility is not used with winds above 15 meters/second (35 mph). Because of
specified distances from the walls, no acoustic loadings have been experienced.
No exhaust gas reingestion has occurred, as long as the run-up restrictions are
followed.

] Tl-1 IHI Suppressor (Tokyo/Narita) (Reference 26)

While no specific values have been given, it was indicated that under "adverse
cross and tail wind conditions", Japan Airlines prohibits the use of the system
SO as to prevent engine stall. Japan Airlines indicated that the values of
wind limits for the noise suppressor are the same as those for the case of run-
ups in immediate downwind areas of buildings, where generated turbulence could
cause problems with intake airflows.

8

e 21-3/Z1-4 Gerber High-Bypass Suppressor (Zurich/Kloten) (References 27
and 28) :

Only one run-up has been cancelled because of wind conditions since construction
of the facilities in 1971 and 1972. Prevailing winds (based upon an airport wind
rose) are generally from behind and to the sides of the aircraft heading. Some
problems were initially encountered with the JT9D engine, which is one of the

most sensitive to stall during ground run-up in cross winds, but a wind direction/
speed monitoring device was constructed to allow the mechanic at the throttles

to reduce power when such adverse conditions arose. In this manner, by taking
advantage of the detected favorable wind shifts, the JT9D engine can be run-up
under many marginally unfavorable and some nearly prohibitive conditions.

|

o

iz e

An unusual feature here is the heating system built into the apron pavement,
which assures necessary stability of aircraft position during run-ups under
weather conditions marked by snow and ice.

5.4 CONSTRUCTION COST ESTIMATES

gt 1)t el il

Construction cost data are available in the currency of the country in which the
suppressor was built and for the year of constructicn. Although it is possible
to account for increased costs in the country of construction and changes in ex-
change rates with the U.S. dollar, it is difficult to account for other costs
associated with differences in labor and management practices, regqgulations, cost
of materials, and license fees. With these qualifications however, the follow-
ing method has been used to develop cost estimates for the end of 1978:

1. Cost is identified in local currency for year of construction. Where
cost is known in U.S. dollars, it is reconverted to local currency using exchange
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rates for that year. Where exact date of construction is unknown, assumed dates
have been used for this comparison.

2. The change in the wholesale price index was computed for each country
from the time of construction to the end of 1978, using data provided by Inter-
national Monetary Fund International Financial Statistics.

3. The exchange rate at the end of 1978 taken from the above reference
was used to convert the local 1978 cost to U.S. dollars.

A summary of estimated 1978 construction costs is presented in Table 5-11.

\
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TABLE 5-11
ESTIMATED 1978 CONSTRUCTION COSTS IN U.S. DOLLARS

r Local Currency Conversiona Exchange Rateb U.S.$
Suppressor Year Cost to 1978 1978 Cost 1978
Bl-1 1974 DM 5.4 mill 1.14 1.8823 DM/$ $3,270,000
B2-1 1970 & 81,800 2.94 .5043 B/$ 476,880
D1-1 1972 DM 1.27 mill 1.37 1 8823 DM/$ 924,350
3 Fl-1 1978 DM 8.1 mill 1.00 1.8823 DM/$ 4,303,250
H1-1 1962 DM 9.0 mill 1.64 1.8823 DM/$ 7,841,470
’ L1-2 1970 B» 60,000 2.94 .5043 B/$ 349,790
L1-3 1960 & 30,000 3.99 .5043 &/$ 237,360
L2-1 1968 USs $147,900 2.12 1.00 s/ 313,550
M1-1 1973 DM 1.24 mill 1.29 1.8823 DM/$ 849,810
0l-1 1971 ¥ 60 mill 1.64 196.29 ¥/$ 501,300
P1l-1 1970° F 2.37 mill 1.81 4.3202 F/$ 992,940
P1-2 1970 F 2.00 mill 1.81 4.3202 F/$ 837,920
P1-3 1970 F 1.60 mill 1.81 4.3202 F/$ 670,340
Pl-4 - 1970 F 886,000 1.81 4.3202 F/$ 371,200
Tl-1 (1) 1972 ¥ 219 mill 1.63 196.29 ¥/3 1,818,580
Tl-1 (2) 1977 ¥ 63.4 mill 0.97 196.29 ¥/$ 313,300
z1-1 1968 SF 200,000 1.9 1.6773 SF/$ 163,360
21-2 1968 SF 870,000 1.37 1.6773 SF/$ 710,600
21-3 1971  SF 1.33 mill 1.25 1.6773 SF/$ 991,180
21-4 1972 SF 1.70 mill 1.21 1.6773 SF/$ 1,226,380

SConversion is based on the wholesale price index (reflecting construction costs) .
. taken from International Monetary Fund International Financial Statistics,
Annual Data 1952-1976, May 1977 and February 1979.

. bExchange rates as of December 31, 1978, were taken from the February 1979 issue
of the above reference.

“Assumed since exact dates not available.
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6.0 POTENTIALAFOR STANDARDS DEVELOPMENT

6.1 DEFINITIONS

The term “noise suppressor" will be used here to include all devices that inter-
act with jet exhaust to reduce noise levels at least in some directions at a
specified distance from the aircraft, or any type of barrier structure which is
closed for some portion of its length above the exhaust flow from an engine.

The term "noise barrier" will be used here for any structure primarily intended
to absorb, reflect, and refract noise, providing it ‘is not closed above the
exhaust flows from an engine.

Examination of the noise control devices considered here would place them under
the following categories:

Noise Suppressors Noise Barriers

All Tubular Suppressors All Linear Noise Walls
Hamburg Hush-House Run-Up Pens

Berlin Noise Shelter
6.2 NOISE SUPPRESSORS

It is clear that design considerations for the above noise suppressor categories
are quite different, but it should be emphasized that each tubular suppressor

is also somewhat unique. Each type of suppressor design requires separate de-
tailed aerodynamic, acoustic, mechanical, cost, and other analyses.

Some suppressors require careful placement in back of the engine, not only for
acoustical but also for aerodynamic performance, while others do not.

The acoustic performance of recently constructed suppressors is somewhat similar,
although no standard measurement point and engine setting(s) have been estab-
lished for comparison of suppressors. Generally, one might expect to achieve
from 20 to 25 dBA in the near field (i.e., less than 500 feet from the noise
source) and from 10 to 20 dBA in the far field (approximately 1 mile from the
noise source). This reduction generally occurs along the direction of maximum
unsuppressed noise level, or 135° from the aircraft heading.

The combination of engine power settings for two-, three-, and four-engine air-
craft is not infinite, but quite large. In order to develop a standard, it
would be necessary to determine for each type of aircraft which combination of
engine settings should be used (in conjunction with a suppressor device) to
achieve a given noise reduction. For example, if it is assumed that the pos-
sible power settings for each engine are (1) engine off, (2) idle power, (3)
cruise power, and (4) takeoff power, then the number of combinations are 16 for
a twin-engine aircraft, 64 for a three-engine aircraft, and 256 for a four-
engine aircraft. It may be, that with further study, the combinations used in
maintenance procedures are sufficiently few to be easily identified and tested,
but a more detailed analysis than the one presented here would be required.

Clearly, one of the findings of this study is that there is no suppressor that
can accommodate all aircraft. The amount of airflow required for the different
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size engines is greater than can be incorporated into any design, although it
should be noted that some tubular mufflers which have been designed for the
larger engines are also used for the narrow-body and associated smaller engines.
In Zurich, for example, business jets are required to conduct their maintenance
run-ups using the B747 noise suppressor in order to obtain the noise reduction
provided primarily by the appurtenant walls that, in essence, form a noise pen.
The tubular mufflers are able, however, to accommodate these engines.

Aerodynamic performance is another area which must be designed into the suppres-
sor for it to work efficiently and effectively. As has been noted above, there
appears to be some disagreement among the users and owners of such facilities
concerning the potential for engine damage. This is especially apparent when

- use of a common facility is mandatory. Specifications for aerodynamic perform-

ance may be simpler in that zero back pressure and reingestion could be required.
This could possibly eliminate some of the presently manufactured suppressors un-
der certain wind conditions, which implies that wind conditions would have to be
carefully considered in setting specifications.

Problems with airframe vibration are much more likely to occur with the use of
hush~houses or suppressors which completely or partially enclose the aircraft
or parts of the aircraft. For such facilities, it may be necessary to specify
the level of airframe oscillation or vibration which could be tolerated when
using them. Extensive stress monitoring was carried out during tests with the
Los Angeles run-up pen but found to be not critical. i

In conclusion, it would appear that standards would have to be developed for
the following three major areas:

1. Aerodynamic Performance

Under specific test conditions, not more thah a specified maximum back pressure
and maximum amount of exhaust gas reingestion would be allowed. There does not
appear to be sufficient quantitative data upon which to base such standards.

2. Acoustical Performance

Under specified test conditions, i.e., meteorology, engine combination, and
power setting, minimum allowable noise reductions would have to be specified
at a near field and far field location along a line 135° from aircraft heading.
The problem here is that the desired level of reduction may not always be the
same and that while in some cases a 20 dBA reduction is needed, only 10 dBA
may be required elsewhere. However, sufficient data on sound pressure levels
at selected distances (octave band data) would enable noise levels to be com-
puted at distances other than the specified points. Such data should also be
available, for at least eight points on a circle, so that orientation of the
run-up facility could also be taken into account. Measurements of noise reduc-
tion and suppressor effectiveness have not been specified at the same location
and angle. Moreover, octave band data are available only for a small number of
suppressors, and then not always for the same distances and locations with re-
spect to the engine being run. 1In addition, the combination of engines during
the tests are not consistent,
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In summary,

a) a satisfactory acoustical spec1f1catxon would prescribe noise attenua-
tion at several points, at different distances, and directions around
the noise generator.

b) Existing data concerning the effectiveness of existing suppressors are
not adequate for determining whether or not existing suppressors would
be capable of meeting such a specification.

. ' c) Additional data collection describing the effectiveness of existing
'~ suppressors will be necessary if a satisfactory acoustic performance
- specification is to be developed.

L

3. Airframe Performance

Under specified engine and power settings and environmental conditions, maximum
vibration and associated stress levels in an airframe would be allowed. Damage
or removal of surface panels by back airflows will be prohibited. Detailed
stress measurements during tests at the Los Angeles run-up pen did not reveal
any substantial problems with that facility, although reports of panel removal
have been made for several other suppressors in operation. The development of
vibration and stress data will require input from airframe manufacturers to
determine where and to what extent vibrations of the airframe under ground run-
up could be harmful.

6.3 NOISE BARRIERS

Specifications on aerodynamic, acoustic, and airframe performance discussed
above for noise suppressors can also be applied to noise barriers, with minor
modifications. Barriers may also restrict or disturb airflows, reflect sound
energy, and provide acoustic shielding. They may be constructed to reflect
or absorb sound so as to minimize potentially harmful impacts on the airframe
or engine, while at the same time providing needed noise reduction. The capa-
bilities of walls or screens to absorb noise may vary widely, reflecting as
much as 99% of incident energy or as little as 10%.

Intake screens can be used to reduce noise forward of the aircraft while under-
going maintenance involving ground running of engines.. Because it is often
not necessary to reduce forward noise, and because the use of screens involves

& the inconveniences of setting them up before the maintenance work and dismantling
them after the maintenance work, such screens are not commonly used.

Acoustic performance of barriers may be estimated using laboratory tests or com-
puter modeling techniques. Such methods may yield results within one or two
decibels of actual field tests, providing the laboratory model or theoretical
assumptions are correct, and assumed meteorological conditions are realized. As
can be seen from data on the run-up pen at Osaka (Section 7.5.2), the performance
of walls was better than had been anticipated on the basis of careful estimates.
The effectiveness of barriers and run-up pens is much more sensitive to weather
conditions than is the effectiveness of suppressors. While noise barrier per-
formance may be measured or estimated, it is therefore much more variable than
that of suppressors. As in the case for suppressors, any performance standard
for barriers would have to be related to engine combinations, and power settings.

6~3
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Aerodynamic performance is no problem when the barrier is sufficiently far from
the aircraft. However, the further the aircraft (or the receiver) is from the
barrier, the less effective it becomes. As the engine is placed closer to the
barrier, the potentjal for adverse flows associated with the barrier grows. It
is just as essential with barriers as for suppressors that back pressures and
reingestion do not occur. An example of a run-up pen where a number of such
Problems occurred is that of Los Angeles International Airport, where a circular
inward sloping wall was constructed for run-ups. Not only were gases trapped
under the walls, but the circular nature of the pen directed the exhausts to

the front of the aircraft, causing severe problems.

Problems with airframe vibration can be minimized by use of appropriate geometries
and absorptive designs. As noted above, concern over structural vibrations arose
with the Los Angeles run-up pen, although no serious problems were identified.

In conclusion, as with barriers, standards for suppressors should cover three
major areas covering aerodynamic, acoustical, and airframe performance:

1. Aerodynamic Performance

For any and all weather conditions, engine combinations, and power settings,
either the maximum permissible exhaust pressure or reingestion coefficients
would have to be established. (This study did not indicate that there are

sufficient quantitative data available for the setting of such a standard.)

2. Acoustical Performance

For each set of weather conditions, engine combinations, and power settings,
noise reductions would have to be specified for a number of positions at
various directions and distances from the aircraft. There are three possible
bases for establishing attenuation standards within the state-of-the-art:

a) Field measurements of attenuation using existing barriers.

b) Theoretical calculationé of near field and far field attenuation,
using octave band data for a number of positions around the aircraft.

c) Scale model tests, using octave band data for near field or far field
estimates of noise attenuation.

3. Airframe Performance

For any or all weather conditions, engine combinations, and power settings,
maximum permissible stress levels would have to be established. (It is not
known whether aircraft manufacturers have and would make available sufficient
data for the setting of such a standard.)

s e el e b e s e it



[

7.0 REFERENCES AND SUPPLEMENTARY MATERIAL

7.1 LIST OF REFERENCES

1. Aircraft Engine Ground Run-Up Noise Suppression Equipment Survey; M.D. Dunn,
Department of Transport (Australia), Phase I (May 1974), Phase II (February 1975),
Final Report (December 1975).

2. Noise Suppressor Study; Prepared for the Minneapolis-St. Paul Metropolitan
Airports Commission by David Braslau Associates, Incorporated; Preliminary Report
(January 24, 1977); Final Report (October 11, 1977).

3. Airport Noise Reduction Forecast; Vol. I - Summary Report for 23 Airporté;
Prepared for the U.S. Department of Transportation by Wyle Laboratories and
R. Dixon Speas Associates, October 1974.

4. Noise Barrier Design Handbook; Prepared for the Federal Highway Administra-
tion by Bolt, Beranek and Newman, Inc., February 1976.

5. History of Mufflers; Cullum Detuners Ltd., (no date).

6. Development in Technology of Ground Run-Up Suppressors; Industrial Acoustics
Company, (no date).

7. Jet Aircraft Ground Run-Up Noise Suppressors; Industrial Acoustics Company
(no date).

8. Technology of Ground Run-Up Suppressors; Industrial Acoustics Company,
IAC Bulletin No. 2.0003.0, 1968.

9. Silencers for Ground Run-Up Testing of the Aerospatiale/B.A.C. Concorde;
Industrial Acoustics Company, (no date).

10. Noise Suppressing Equipment for Jet Aircraft Engine Ground Run-Up; Ishi-
kawajima Harima Heavy Industries Co., Ltd., (no date).

11. Ground Silencers for B747 Aircraft - Technical Specifications; S.A. Andre
Boét, (no date).

12. Flow Back Polyvalent Silencers for the Ground ?est“of the A300, B2, and
DC10 Aircraft - Technical Specifications; S.A. Andre Boet, (no date).

13. Flow Back Polyyalegt Silencers for the Ground Test of the B707 and DC8
Aircraft; S.A. Andre Boet, (no date).

14. Silencer Unit'for.the Ground Test of the B727 Aircraft - Technical Specifi-
cations; S.A. Andre Boet, (no date).

15. Noise Measurements of March 3, 1975, at the Tegel Noise "Pyramid"; Tech-
nical University Berlin, April 21, 1975.

16. Noise Proofed Hangar at the Hamburg-Fuhlsbuettel Airport; Department of
the Economy and Transport, Transport and Civil Engineering, February 1, 1962.
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b iy Versuchsbericht Uber dinen Probelauf der Boeing 727 in umgehekrter Stellung
in der Larmschutzhalle/Fluqhafen Hamburg (Report on a run-up of a Boeing 727 in
a tail-in position in the hush-house); Prof. Dipl. Ing. G.C. Dettmann, April 23,
1969.

18. Bericht uber die am 30.9.69 durchgeflihrten Schallmessungen an einer in und
vor der Lirmschutzhalle in umgekerrter Richtung abgestellten Boeing 727 (Report
on noise measurements made on September 30, 1969, of a Boeing 727 placed in a
tail-in position in the hush-house); Dipl. Ing. Thomas J. Meyer, (no date).

19. Noise Measurements of Cullum Ground Mufflers for the Trident; J.G. Roberts
and P. Mahoney, Aviation Operational Research Branch, Ministry of Aviation,
Operational Research Note No. 165, March 1964.

20. Noise Measurements on Cullum Type BC/F2 Ground Running Mufflers for the
Boeing 707-436; Ministry of Aviation, Operational Research Note. No. 121.

21. L10ll Ground Running Installation; British Airways European Division, Tech-
nical Note No. P/678, February 15, 1974.

22. Noise Measurements on a Portable Noise Suppressor for the Boeing 707-320C;
Civil Aviation Authority, Environmental Report No. 1, May 1973.

23. Preliminary Sound Shield Noise Reduction Measurements (Los Angeles Inter-
national Airport); Bolt, Beranek and Newman, Inc., April 1969.

24. Report on the Investigation of Noise at the Time Suppression Walls are
used in Ground Tests at the Osaka Airport; All Nippon Airways, December 1971.

' 25. Reducteur de bruit pour les essais de réacteurs (Noise Mufflers for Jet

Engine Run-Ups); Aeroport de Paris, (no -date).
26. Reply to Questionnaire by Japan Airlines, September 1978.

27. SChalldgmpfende Anlagen fur Bremslgufe von Dﬂsenflugzeuqen auf FlugplStzen;
Oskar Gerber Schall - und Schwingungstechnik GmbH, (no dage).

28. Measurements at Reception of the Stand Run Sound Damping Installation of
Swissair for Aircraft Type DC1l0; Oskar Gerber and the Federal Office for Air
Traffic (measurements March 6/7, 1973), (no date).

29. Test Cell Experimental Program: Coanda/Refraction Noise Suppression Con-
cept - Advanced Development; Final Technical Report, U.S. Naval Air Engineering
Center, Prepared for the Boeing Company, Wichita Division, NAEC-GSED-97, March
1976.
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7.2 SUMMARY OF DATA COLLECTED IN REFERENCE 1

EGINE FUN-UP NOISE SUPPRESSION FQU
Sumpary of Information Reguired from Manufacturers and/or Overators and/or
J Authorities

Questionnaire Cue Sheet

1. NOISE SUPPRESSION SYSTEM - DESIGN REQUIREMENTS FOR NOISE REDUCTION
PERTOMANCE,

® : (a) Wnat noise level criteria?

= disturbance noise level at airport boundary - if so, shat?
« disturbance noise level at nearby community - if so, what?
« noise level at given distance from equipment - if so, what?
« others? 7

(b) “ho establishes criteria?
« aviation authority
- airport authority
= local government
« local council
« airline operator
= others

2. OISE SUPPEESSION SYSTRN - CONCEPT/TYPE

(a) Rescnators

(b) Sound absorbving mufflers, splitters
(c) Perforated diffusers

(4) Cascade vanes, turning vanes

(e) Talls, revetzents, pens

(£) Full "hush house"

(g) Screens

(h) Others.

. 3. NOISE SUPPRESSION SYSTE! - ADAPTABILITY

(a) Fixed Direction Installation
(b) Hoveable installation to allow for wind changes.

. (¢) 1Iastallation primarily for which aircraft/engine type?
(Important to specify engine type)e

(d) Adaptable for various aircraft.

b, LOISE SUPFRE3SI0.: SY3TZ: - 1D ESTECTS

(See also o(¢; (vi) for me:teoroicgical effects and 15(2) and (g) for
wingd effests a: particalar &irpersle

(a) What is caximum croscwind cozponent at waica engine can be
operated, waez corected to tie systez, without instability?

() what ig saxizu= seiivind component at which ezgine can be
operated, wien cirnectel S0 tie graten, witnout instapllily o
reizgegtion?




Se NOISE SUFPRESSION SYSTEM - AERCDVRAMICS

(a) Irlet Airflow Control.
-(b) Inlet Depression.

(c) Secondary Airflow Control, : ,

(d) Fethod of Capture of Prizary Exhaust, Fm_ Exhaust, Secondary Aire
(e) Ai-flow through exhaust system - Back pressure. g

(£) Possibility of recirculation.

6. .CISE SUPPRESSION SYSTEM - ACOUSTICS (See also 9(e) and 15(d))

(a) Effectiveness in suppression of primary exhaust noise.
(b) ) " " ” L] fan " "
(c) " " " " jntake noise.

(4) Vhat acoustic data can be provided for each muffler?

Particular points to deterzine
(i) Calculation or test data?

(ii) What aircraft engine/s tested?

(iii) tmat thrust levels? (7.0. only or various),

(iv) axe O.A.S.P.,L. on aircraft struciure due to muffler?
(v) ¥ octave reductions at say 250 ft. radius, polas?

(vi) Wnat deta availatle on reductions at say 2 km radius
under varying atmospheric conditions? (Particularly
low altitude temperature inversions.)

(vii) Noise amplifications produced oy tuffler? ageinst
aircraft structure ((iv) avove), in near-field
(operators vworiting on aircraft), in far-field in
forward arce :

(viii) 1Is the noise reduction achieved censitive to the accuracy.
with which the aircraft is positicned?

(ix) "Reserve acoustic power" availadble for future ergines?

7o LCIST SURPRISSIOH SYSTD] = :ZIHMAIICAL/SLICTRICAL CONTROL ASPECTS

(a) Any reguirement for mcvement of ezuir-tent during aircralt
positicaing?
- »anual or Power Cperation?

() Power ecuipaent requirezents Zlecirical, nater etc.?
8, EFIZIT5 O ENSIT PERIORANICE
(a) GZEngine Inlet depression at all Fowers. Is it measurable?
(b) Acceptable derressior if n0 engine stalling occurs.
(¢) Engine sta-ility during running?
(@) Resirculatica?
(e) Engize subjeste: to vitration, neat, eice

(£) Are tnere ar: ctier encine ge-firmance li-itatisng experienced?
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9. WOIKABILITY OF INSTALLATION

(a)
()

(e)

(a)

(b)
(c)

1.

(a)
(v)
(c)
(a)
(e)

Zase of Aircraft positionirng and accuracy of positioning required?

Time taken to position aircraft and acoustic equipment, (set up
tize)? .

Ease of access around engine when in positione

Danger of contact between aircraft and suppression system,
due to aircrafi acvement? -

Wing Flap Positioning - Acoustic Effect?

NOISE SUFrIESSION SYSTIM - sTTE REQUIPSMENTS

Area required for installation including aircraft positioning
recuirenentse :

Additional clearance area recuired (blast, etce)

Foundation requirements (loading).

NCZSE SUPPRESSION SYSTZIM = SATETY REQUIASIELTS

Elfects of engine stall - system damage, engine damage, aircraft
Agem
casage.

EZffects of engine fire - system dacage, engine darcage, aircrait
camages (See 2lso 12(c)).

Zngine accessidility for fire extinguishers.
Ability to move aircraft guickly if required.

Pe-scanel safety hacardse

12, NCISS SUFZFESSION SYSTRY - MAIMZHANCE REUQUIRIIZNDS

(a)
(e)
(e)

(d)

Corrosion protectica.
Vicration, beat carmage to acoustic treatment.

Zase of acoustic treatment replacement in event of damage,
fire etce? (See 11(b)e

Pcuer system maintenances

13. NCISZ SUPPRZ3SION SYSTIZM - COSTS
(a)
(v)

(e)
(a)

Price.

llanufactured overseas or subcontracted in Australia.

Transport costse

Installation costs.

Setting up and calibretion, acoustic testing, costse

Delivery time (manufacture time, installation time, c2libration
and acceptance tine),

Yalrsenance 222%s - detrilg (i) acsual?

(i4) estizaze?




1%, MOISE SUPPRESSION SYSTEM - VENDOR

" (a)
‘v (®)
' (e)
| (a)

(e)

Experience in noise suppressione
Previous system installed - of similar size.
Capacity to engineer an acceptable systeme.

On site supervision of installation, calibration and acoustic
tests by vendor's engineer. '

Guarantees (acoustic, aemdynamic) and warranty.

i
| %
i k)

i 15, NOISE SUPPRESSIOK SYSTEM AND ITS RELATIONSHIP TO PARTICULAR AIRFORT

(a)

|
§ ()
(c)

S e B B L B g XM i k. s 40300

()

(e)
(£)

(g)

AD SURROULDING COis il ITY

Location of equipment relative to
(i) Maintenance area.

(ii) Conmunitye.

Location of equipment relative to surrounding natural absorption

media such as walls, trees, earth banks, etc.

Frequency of complaints and type @

(i) before installation of any noise suppression equipment.
(ii) after installation of any noise suppression equipment,

lioise levels experienced within surrounding community ¢

(i} before installation of any noise suppression equipmente

(ii) after installation of any noise suppression equipment. (See also 6)

Is 24 hour ground running allowed by relevant authorities?
If not, wnat restrictions are involved?

' “nat are prevailing wind conditions at particular airport under
consideration? iThat variations are experienced? (See also 4)

“nat percentage of occasions is the equipmeat unable to be
used because of prevailing wind conditions? (See also 4)

16. GENERAL

What airlines use the particular type of equipzent under
consideration?

How often is the particular system used runs/day?
What type of "front-end" acoustic treatment is available?

If any such equipment available is it being used by
any airline?

Does there appear to be any technology bresk-through in noise
supyression equipoent imminent?

Source: Dunn Reports (Reference 1)
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7.3 SAMPLE QUESTIONNAIRES

The foilowing estionnaires were submitted to Aeroport de Paris for distribu-
tion to the Boet Company and Air France. . Similar questionnaires were sent to
- the other locations. i : s
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From Boet and Co. we would like to have documents or information necessary to
answer the following questions for each of the noise suppressors designed by
them for Air France in Paris:

: l. What considerations of acoust1c loadings on aircraft structures (exclusive
of engines) were made and what percent of the total design effort did such
considerat1ons require?

2. Hhat considerations of flow constriction, exhaust gas reingestion, or acous-
tic loadings on the engine were made and what percent of the total design
effort did such considerations require?

B .

How accurately must the aircraft be positioned to achieve target levels of
noise attenuation and ensure aerodynamic function of the fac111ty? How
accurately must the aircraft be positioned to avoid excessive acoustic load-
ing of the airframe and/or problems with engine intake/exhaust flows?

w
.

S A bbb b L

What are the envelopes of meteorological conditions under which use of each
suppressor was not recommended because of:

a) Less than design noise attenuation
b) Potential for excessive acoustic loadings
c) Potential for aerodynamic problems

st AWEW&@W\.'WA:A o
oH

and how often do these occur?

cﬁ | 5. Which aircraft can and cannot use the suppressors accord1ng to techn1ca1 speci-
fications of the designers? .

6. What were the theoretical noise attenuation .predictions for each a1rcraft/
engine type for whom the facility was designed?

7. What actual field measurements are available for each aircraft/engine type
using each suppressor? We would like to know the sound pressure levels for
near and/or far field (in octave bands centered at 63 Hz through 8000 Hz and
in dBA) associated with the use of the facility by each aircraft and engine
type. We would also like to know the location and height of microphones
relative to the facility. Power settings and engine types associated with
the above data are essential. Local meteorological conditions during the
measurements would also be desirable.

S TRy

? i 8. Who can we telephone at Boet and Co. to discuss these questions in greater
detail? We would like to have names, titles, and telephone numbers.

DR e e s sl Gl o
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From Air France we would 1ike to have documentation or information necessary to
answer questions about the following suppression devices:

(1) Boet 727 Noise Suppressor at Orly

(2) Boet B707/DC8 Noise Suppressor at Orly

(3) Boet DC10/A300B Noise Suppressor at Charles de Gaulle

(4) Boet B747/A300B Noise Suppressor at Charles de Gaulle (if constructed)

Questions concerning ownership and operation of the suppression devices:

3.

Have sound level measurements been made in the field to judge the effectiveness
of the suppressors? We would 1ike to have data on the near and/or far field
sound pressure levels (in octave bands centered at 63 Hz through 8000 Hz and in

~ dBA) associated with the use of each facility by each aircraft type using the

facility. We would also like to know the location and héight of microphones
relative to the facility. Power settings and engine types associated with the
above data are essential. Local meteorological conditions during the measure-
ments would also be desirable.

Is the use of the suppressors required for all ground run up maintenance, or
only certain users, or only under certain conditions? If so, what are the
exceptions and conditions?

Are there any meteorological conditions under which use of any of the suppressors
is not possible or prohibited, and if so, what are these?

What did it cost to design each suppressor?  What ‘did it cost to construct each
suppressor? What does it cost to maintain each suppressor?

Is there one person who can provide answers to questions in greater detail who
we could call? We would like the name, title, and telephone number.

Questions concerning the use of each suppression device:

:

Z.

Which aircraft and what engines have been run up at each suppressor? How many
times per month or per year are each aircraft type run up in each facility?

Have any meteorological conditions been found to cause difficulties or delays

in engine maintenance work in any of the suppressors,  and if so, what were these
conditions? Are those difficulties associated with particular aircraft/engine
types, and if so, which?

What ground equipment is required to place the aircraft at each suppressor and
how much does this equipment cost to buy 'and maintain? How difficult is it

to position aircraft and how long does it take? How critical is the position
in terms of acoustic and aerodynamic performance of each suppressor? What kind
and numbers of personnel are required to position the aircraft?

Has there been any damage to engines or airframes caused by restricted air
flow, exhaust gas reingestion, or acoustical loading while at any of the sup-
pressors? If so, what types of engines/aircraft were involved and what were
the meteorological or other causes for these problems? How many cases of this
type have been reported, and what were they? Have any airframe and/or engine
manufacturers voided or modified any guarantees or warranties because of use in
any of the suppressors? If so, under what conditions?

Is there one person who can provide answers to questions in greater detail who
we could call? We would like the name, title, and telephone number.
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7.4 SELECTED RESPONSES

The following responses have been selected as representative of the type of data’
obtained in the present effort. g a 3

Adlasgist ~-da

7.4.1 Berlin

Responses are included from the following:

e Thomas J. Meyer, in response to questions directed at the designer of
the facility. . : - : .
® In response to questions directed at users of the facility:

s T ———

Pan American

British Airways

- Dan-Air Engineering Ltd.
- Aeroamerica

7.4.2 Dusseldorf

A response from a user of the run-up area (LTU) is included.

7.4.3 Osaka.

a A response from the owner, operator, and user (All Nippon Airways Company) is
| included.

7.4.4 2Zurich

Responses, based on a visit to Swissair offices in Zurich, by Dr. David Braslau
are included.
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7.4.1 Berlin
' 1 AResponsgs are included from the following:
i; ' ® Thdmas J. Mejer,'in response to,questith'directed-at the designer of

1 A the facility. :
. e In response to questions directed at users of the facility:

: i3 - Pan American
' . : - British Airways
3 - Dan-Air Engineering Ltd.
5 - Aeroamerica :
}
5
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; 2 HAMBURG 52
THOMAS J. MEYER HOLZTWIETE 8

DIPL. PHYS. TEL. 82 69 20

Departrment of Transportation
, Federal Aviation Administration
1 Att.: Mr. R.B. Ahlers

Washington, D.C. 20591 August 26, 1378

Dear Sir, : . 3

The Berliner Flupghafen-Cesellschaft sent me a copy of your
request concerning /Anti-lYoise Shelters of the type built at -
Rerlin Tagel Airport and asked me to answer the questions'

of the attached questionarv as far as I ar concerned.

1. “hat considerations of acoustic loadings on aircraft
! structures (exclusive of engines) were made and what
percent of the total design effort did such considerations

require?

Considerations concerning acoustic loadings on aircraft ;
structures aired not to enlarge these loadings corvpared ' ﬂ
with a position of the aircraft in the open air. This is

one of the reasons why the whole inner surface has been
covered with highly sound absorbing material. The absorbtion
coefficient Pl is more than 0,9 above 50 Hz and was tested

A R i

|

{
]
{

in laboratory. The vibration sector (below 50 Hz) was
controlled by measurements of the Bundesanstalt flir Material-
'prﬁfung in Berlin at the completed building. There was no
vibration of the building registered worth mentioning. In
conclusion it can be stated that additional loadings of 3
aircraft structures in reaction to sirilar loadings of the
building structure are far below the loadings in open air

Shebe Lol s n e

positions, also in the vibration sector.

What consideratiorms of exhaust gas reingestion or acoustic
loadings on the engine were made and what percent of the

total design effort did such considerations require?

Specially careful considerations were made on the exhaust pas
reingestion sector. A plexiplass model was built and the exhaust

e B T 7 I T P T
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flows were rade visible in this rodel. As a result of these

tests planes to conduct the jet strears were provided in
order to improve'the exhaust flows streaming through the
building and to avoid recirculation completely. After the
building had bteen finished to its present stage, reincestion
measurements were made before the conducting planes had been
installed. The reingestion coefficients wére so low that

the installation was abandoned. As'to the acoustic loadings
of the'engines see question 1. ;

How accﬁrately must the aircraft be positioned to achieve
target levels of noise attenuation and ensure aerodynaric
function of the facility? Fow accurately must the aircraft
be positioned to avoid excessive acoustic loading of the
airfrare and/or problems with engine intake/exhaust flows?
The position of the aircraft is normally on the center line
of the cabin. The aircraft will be pulled on this line into
the shelter as far as possible. It will be clear that the
shielding effect becormes worse if the aircraft is not
positioned as far as allowed by the geometrical form of

- shelter and aircraft including the movements of the aircraft

during the engine tests. Dislocations of 2 to 3 meters are
of course without any importance concerning the ncise
attenuation or the aerodynamic function of the facility as
well as the acoustic loading of the airframe or problems
with exhaust flows. In nose in positions the distance of the
engines to the nearest point of the building should be at
least the double diameter of the outer engine dimension in
order not to obstruct the intake flow.

What are the limiting meteorological conditions under which
use of the noise shelter was nor recommended because of:

a) Less than design noise attentuation

b) Potential for excessive acoustic loadings

c) Potential for aerodynamic problems

and how often do these occur?

On this subject the Berliner Flughafen-Gesellschaft will be
able to give the best information.

7-13
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Which aircraft can and cannot use the pyramid according

to technical specifications of the designers?

The Pyramid built in Berlin is the first stage. It cannot
be used without enlargement for large aircraft like

Boeing 747, DC 10, Tristar, Airbus. The largest aircraft
the cabin provides for fully sufficient noise attentuation
in its present stage are types like Boeing 707 or DC 8.

A shelter shielding also all large aircraft now in use or
in the planning stage even in a much larger sector than

it was necessary in Berlin is just planned by my office
and ry partners. The shelter will be completed during 1979.

ilhat were the theoretical noise attenuation predictions
for each aircraft/engine type for whom the facility was
designed?

For each aircraft/engine type maximum sound levels were
deterrined in advance for the whole surrounding of the
building. Doing this, favourable sound propagation
conditions (f.i. inversions) were assumed, specially in
direction to the open side of the cabin. The noise
atternuation depends on the position of the engines within
the shelter. The noise levels measured after the building
was put in use were considerably lower than the calculated
data. The measurements, however, were not made at inversion
weather conditions.

What actual field measurements are available for each
aircraft/engine type using the pyramid? We would like to
know the sound pressure levels for near and/or far field
(in octave bands centered at 63 Fz through 8000 Hlz and in
dPA) associated with the use of the facilitv by each
aircraft and engine type. !!e would also like to know the
location and heirht of ricrontcnes relative to the
facility. Power settings eanc engine types associatea with
the above data are essential. Local meteorological
conditions during the measurerents would also be cesirable.

First of all reasurerents were rade in the near field in
order to find out the noise attenuation efficiency without

influence of weather conditions. These measurements were
7-14




.Hamburg 52, telenohone 040/826920, questions concerning the

. Malapert-Neufville.

Yours faithfully,

Thomas J. Meye

made with the aircraft types Boeing 720 and PAC 1-11 by

the Technische Universitit Berlin. In addition measurements
were made in the far field. The microphones were positioned
between 1,5 and 3 rmeters abové ground. The engines were
brought to full powver one after the other. The weather
conditions during the reasuring time were noted. The
Berliner flughafen-Cesellschaft possibiy will be able to
give additional information.

Whom can we telephone at Thomas J. Meyer and Partners to
discuss these questions in greater detail? We would like
to have names, titles and telephone nurbers. ;
Questions concerning acoustical and aerodynamical'probléms
will be put best to the underwriter directly, Holztwiete 8,

building structure to my partner Herbert Schutsch, Tutzinger
Strafe 5, Berlin 49, telephone 030/7445331. My partners LSE
Gesellschaft fiir Ldrmschutz m.b.”, Berlin, telephone 030/
7444110 are responsible for the combined project nlanning.
Ceneral manager for projects abroad-is Manfred Freiherr von
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FERIN AN ‘ - August 18, 1978

Mr. Jerome F. Biron ;
U.S. Administrator for Aeronautics ‘

- Tempelhof Airport

1000 Berlin 42

Dear Mr. Biron,

' The answers to the questions in your letter of August 15, 1978 are as

follows:

The primary users of the noise suppression structure at Tegel are British
Airways and Pan Am.

1. BAC 111-500 and B727~100 have been run~up in the pyramid. Pan Am makes
about ten runs a month. BFG can give you the total figures for all airlines.

2,.° Problems are encountered whenever we have wind components approaching
90~ to aircraft heading. This difficulty is experienced by all aircraft types.
Wind conditions at times may prevent use of the facility.

3. To position the aircraft an aircraft towing vehicle and tow bar are required.
This equipment is usually available at all airports. :

The positioning of the aircraft is not difficult and requires only a few
minutes.

The position of the aircraft is extremely critical and if the aircraft is not
properly positioned the noise suppression effectivity is reduced.

Three men are required to position an aircraft. One each on the towing
vehicle, in the aircraft and at the tail. '

L. With the aircraft correctly positioned, it is not possible to do a high pover
check. The airflow back from the structure causes the tail of the aircraft to
vibrate effecting engine performance.

This problem is a result of the basic design and has been experienced on both
the BAC 111-500 and the B727-100. British Airways can probably give you further
information on their experience. We are not aware of any involvement by an air-
craft manufacturer relative to warranty.

5. The person who can probably give you more detailed in€ermation is Mr. Grosch,
Technical Director, BFG, Phone 41 01 2200.

Sincerely, P
e
M. P. Bavuso
Director, Maintenance IGS

1 BERLIN 82 - FLUOHAFEN TEGEL
TELEFON 410 41
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1 Berlin 52, Flughafen Tegel
Telefon (030) 4101
Telegramme Britishair

Dilwyn Monk,
Station Engineer,

;U.S. Administrator : Flughafen Tegel.
for Aeronautics. : : 5 '
; Jerome F. Biron. ; 18th August 1978
‘ ‘ Dear Mr. Biron,
- . ANTI -~ NOISE SHELTER - TEGEL AIRPORT BERLIN

I am in receipt of your letter and questionaire
about the anti - noise shelter in use at Tegel Airport.
The basic facts you require are as follows and apply only
‘the experience of British Airways in the use of this
facility.

: 1. British Aerospace S1-11 aircraft with Rolls Royce
| Spey engines. On approximately eight occassions per
; month and whenever power engine runs are required.

2. When the prevailing wind direction is directly into
the cell a large amount of turbulence is created
which causes certain vibrationary effects in the cell
itself together with reingestion of exhaust gases.
This occurs, to my knowledge with all aircraft/engine .
types.

i 3. No particular equipment other than special protective

| helmets for the use of the ground staff engaged in

: outside engine adjustments. No difficulty in the

{ positioning of the aircraft but the actual position

i is very critical, ie., too far into the cell creates :
unacceptable vibration and ingestion, and too far i
out of the cell causes reingestion problems i

4. None to my knowledge. i

: 5. Priciple Development Engineer, Mr. Brian Downer,

; British Airways S1-11, Manchester Airport, England.
Mr. Downer was involved in a survey of the facility
on behalf of British Airways.

I trust the above information will be of assistance
to you. .

Sincerely,
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B‘II-AIB ENGINEERING LTD.

F.EF NIWHAN ne B V. S. WILLIAMS A. ). SNUDDEN F. HORRIDGE
B M. O'REGAN R. ). SMITH E. 7. EVANS

Gatwick Airport
Near Horley
Surrey

ARS. A"ROVAL AlldS‘.lSS :

Telephone: 01-668 4211 or Crawley 28822 : '
Telex: 87259 " In reply please quote
' All carrespondence 60 be addretsed to the Company : :

Jerome F. Biron Esq., ' ' £ : e
3 i
~U.S. Administrator for Aeronautics, '

Tempelhof Airport, T : {
West Berlin. L . Sok 22nd August 1978. '

Dear Mr, Biron,

! I refer to your letter and questionaire dated
15th August, 1978 for which 1 thnnk'you.

1 return under cover of this letter a few relevant
po;nts which arise in response to the questionaire although I must
confess that my replies do seem rather sparse. However, should you
require clarification or amplification on any answer, please do not
hesitate to contact me. :

May I point out that Mr, Beech is no longer the
resident Base Engineer of Dan-Air, Tegel Airport and all further
correspondence should be addressed to me accordingly.

‘ 1rusting that 1 have been of some assistance on this
matter and I await further communication from you,

Yours faithfully,

',..,__..\Qm .

teA, Garrood
Base Bngineer,

REGISTERED OFFICE: 36/38, NEW BROAD STREET, LONDON EC2M INH
REGISTRATION Ne, 545942 ENGLAND

, 7-18
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Boeing 727-100 and BAC 1-11 300/400 aircraft. Approximately 6 per
month of each aircraft type. '
High wind speeds, dependent upon wind direction, can affect engine
parameters., :

Severe icing conditions can make aircraft approach and positioning
within pyramid difficult. (See item 3, in respect of positioning).
Conventional ground prime mover and tow-bar in respect of equipment.
Manpower requirement entails 4 men. One to drive prime mover, one
to sit at aircraft brakes and two men tce advise on positioning from
either wing-tip. Positioning within pyramid is critical in respect of
engine performance parameters,

Van-Air have expcrienced one occasion of aircraft damage due to mis-
positioning of aircraft within pyramid: This instance occurred.due
to aircraft not being positioned centrally within pyramid causing an
excessive back airflow across airc-aft stub wings resulting in an
access panel being lifted and finally coming adrift from aircrafte.

-
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Chief Maintenance,
Tegel Airport,
August 23, 1978,

: _Berlin. :

Mr., Biron, fiSas
U.S. Administrator for
i | Aeronautics,

& Tempelhof Airport.

Dear Mr, Biron,

Attached is the requested information relative to the
ainti-noise shelter at Tegel.

I sincerely hope that this information will prove useful
in the research by Airports Programs.

Sincerely,

£ < B
AT L-_‘__/(’. PP T ‘- v
Eric Schréeder
Chief of Mainenance
Aeroamerica

. —
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The aircraft that we run up in the anti-noise shelter

is Boeing 720 JT3C=7. This particular aircraft is

run up around five times per month, sixty times per year,
We have three 720 aircrafts in operation at Berlin,

There have been meteorological conditions found to

cause difficulties and delays in engine maintenance

work in the pyramid, These conditions are westerly

and southerlz winds. These winds will cause = particularly
in outboard engines to ingest part of the exhaust gases.,
This is due to the reverser effect of the pyramid,

This in turn will lead to misrig of the engine,

A regular aircraft tow tractor will place the aircraft
in the shelter, It is not difficult to place it. .

It takes five to seven minutes to put the aircraft into
the shelter, The position of the aircraft is not
critical for acoustic reasons but it is for aerodynamic
performance, Four men will be able to do the job,.

There has not been any damage so far to the engines

or airframes caused by restricted air flow, exhaust

gas reingestion, or acoustical loading while in the
pyramid, The reverser effect of the pyramid will cause
the engine to stall and that may cause damage to the
engine,

For more detailed answers please contacted one of the
following maintenance personal:

Burckhard Knaul- Maintenance Supervisor
Wolfgang Kriiger- Maintenance Supervisor
Horst Wuttig- Maintenance Supervisor
Udo Bieber- Maintenance Supervisor
Erich Schroder- Chief Maintenance

phone= 41012729
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1)

2)

4)

5)

: ; : ft rt-Unternehme
FAA Representative (L;;:";r':n&stgo lt(jg. ;

American Embassy Bonn Telex: 8584 997 (Verksuf)

Deichmanns Aue : 8584 895 (Buchung)
8584 520 (Flugbetrieb) H 24

: 2 8584 712 (Technik)
5300 BONN 2 ; : ; Telefon Sa.-Nr.:

(0211) 41521
bei Durchwahi.
aso 237

Buchung: 5066 6

Ihre Zeichen ihr Schreiben vom Unsere Zeichen Datum
- 3.11.1978 Sto/su December 22nd 1978

Subject: Noise Barrier - Disseldorf Airport
Dear Sirs,

In reply to your letter we give you the following information.

LTU only
Aircraft Type Engines Run-up per Month
Caravelle SE-210 Pratt&Whitney JT8D-7A approx. 6 times

TriStar L-1011 Rolls-Royce RB-211-22B approx. 5 times

Yes - cn RB-211 engines due to wind directions which are no on line with aircraft.
Difficulties are a combination of ncise barrier and engine system (fuel control).

Towing vehicle -~ cost approx. § 180.000,-- (for L-1011)
Towing vehicle - cost approx. § 50.000,-- (for SE-210)

To position aircraft in barrier takes approx. 10 minutes (both types). No difficulties

to position aircraft. Acoustic and aerodynamic performance unknown.
Four people required to position aircraft (1 in towing vehicle, 1 in cockpit and
2 outside for guidance).

The RB-211-22B can only be operated to max. power under most ideal meteorological
conditions. For 90% only part power is possible. Otherwise engine starts buffeting
and stalling due to back pressure from the exhaust gases. One engine was destroyed
due to surges, no warranty from manufacturer.

If necessary, please contact Airport Authorities of Diisseldorf Airport.

We hope our informations are helpfull and remain - whishing you a merry Christmas
and a happy New Year -

yours faithfully
LTU
LUFTTRANSPORT;UNTERNEH MEN
Co

'l / ..
# <R, Stomphorst
(Manager Maintenance/Engineerinag)
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Technical Information on B727 Noise Fence
.at Osaka Airpogt

Prepared by
‘Al11 Nippon Airways Company

On the'suppressiqn walls at A1l Nippon Oséka Airport:

The suppression walls at A1l Nippon Osaka Airport are of the fence type.
They were installed in November 1971 by A1l Nippon as a countermeasure
for ground noise at the time of engine test run. .

Originally, the size of the suppressor system was 40m in depth, 56m in
width, and 8m in height. The system was used for the test runs for YS-11,
B-737, and B-727. : .

In September 1977, the height of the back wall was increased to 10m so

that the system could also be used for L-101). Its effect on the surrounding
area was to decrease the noise levels by 5-15 dB(A). And thus we consider
the suppressor system is playing a big role for the preservation of the
environment.
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Answers to questions:

A. Questions concerning'oﬁnership and operation of the noise fence.

(1) Measurements of noise:

Measurements of noise were carried out in November and
December 1971. See a separate report for details. The
essential part of the report is as follows: (see the table)

e A 5t i

1. Airframe ’ _ 2, Engine JT8D-9
3. Meteological  Weather : C"loudz . Height of Cloud: 6,000 ft.
Conditions. : Temperature: 13° C Direction of Wind: 30°
; Wind Speed: 4 kt
4. Height of Microphone: 1.2m
5. Thrust of Engine: 1 eng t/o power |
6. Results of Measurements: Noise levels at points 100m from the
engine : e :
Noise Level Noise Level ;
Angle from (with Suppres- (Without-Suppres- Decrease in
the Nose ~ sion Walls) sion Walls Noisée Levels
0 ' 103 101 oy
45 104 , 103 -1
90 91 105 14
135 95 110 15
180 97 106 ; 9
225 98 110 : 12
(Refer to Fig. 4 of the separate report for frequency analysis data)
7. Results of Measurements (2): Noise levels at the surrounding of the
airport
Measurement Points Noise Level
No. Angle from the aircraft nose Distance (average)
P 750 ~ 850m 57
P2 1350 630m 68
P3 2059 470m : 66
P4 340° 890m 80
(Refer to Fig. 5 of the separate report for frequency analysis data)
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(2) Restrictions for engine test runs at Osaka Airport:

At Osaka Airport, as a rule, jet engines (regardless of their
output powers) must be run in the suppression walls. Although
No. 2 Engine of DC-10 is allowed to run outside the suppression
walls, because the height of the exhaust vent is too high for the
suppression walls, the time for test run and the maximum output
power are restricted, mainly from noise considerations.

(3) Restrictions for the use of suppressor due to meteorological

conditions:

So far, there has been no instances that made it impossible to use

the suppressor because of meteorological conditions.
conceivable, however, that if the wind speed exceeds 15 m/s due to

It is quite

typhoons the use of the suppressor system would be imposcible.

The use of the suppressor system is restricted only when the wind

from back (tail wind) is strorg.
restrictions are imposed for each aircraft.

From experiences

s the following

'Nind : : Tail Wind
Nose Wind No Wind 5 knots~
~ ~ Tail | Tail Wind Tail Wind 10
| Aircraft No Wind | Wind 5 knots| 10 knots 15 knots or more
¥$-11 No Restrictions Idle only 1
g;g; & No Restrictions No trim run 2)

No
L1011

3) restriction

No restriction
for wing engines

Ground idle only
for center engine

Up to flight idle for
wing engines.

Up to ground idle for
center engines

1)

2)

3)

The restrictions were put in force after we observed three occasions
of resonance phenomenon of propeller system due to tail wind.

The restrictions were put in force after we observed four or five
instances of the cases that the effect of back pressure due to tail
wind caused errors in power setting.

We made these restrictions in order to avoid compressor stall due to

back pressure.

(Note that we did not decide these restrictions

because of the actual experience of compressor stall.)

(4) Cost of construction:

The cost for the design and construction of the system was 60
(The cost does not include the cost of

million year at 1971.
foundation work.)

The maintenance cost is very small and is at

the level of the electric bulbs used for illumination and can

be considered negligible. /




B.

Questions concerning use of the fence:

(1) Aircrafts used and run-up data:

(2)

(3)

Number of Run- ups

Aircraft Engine (Monthly Average)
¥s-11 Dart MK543-10 87
5737-281 J18D-9, -17 13
- |B727-281 J18D-9, -15, -17 27
L-1011-1 RB211-228 7

Initially, the facility was built for YS-11, B-737, B-727. In

- September 1977, it was modified in consideration for the use of
L-1011. As a result, this facility could be used for all aircrafts,
including those used in international lines, except No. 2 Engine of

DC-10.

Most recent‘run-up data for our aircrafts are as follows:

In addition to the above, this facility is used by aircrafts of

. other companies 0~2 t1mes a month.

Restrictions due to meteorological:

See‘A (3)

Auxiliary facilities and positioning of test run aircraft:

No special auxiliary facilities are needed. Positioning of
aircraft can be done by a regular towing and no extra personnel
or time are needed.

- From the viewpoint of noise suppression, the positioning of the
aircraft near the fence is more effective, but because of the
effects on the strength of fence and the performance of engine,
we have decided as follows. (Note that the strength of fence
is made such that the blast fence will withstand the air.
velocity of 150 m/s and the noise fence 100 m/s.) (Before
September 1977.) _
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(4)

The distance between the engine exhaust vent and noise fence
(up to September 1977):

Distance Between Engine Exhaust
Aircraft Vent and Noise Fence
B727 ' B m
B737 30m
L-1011 ot SR
If we must 'un the center éngine up to take-
off power with tail wind, then 26m or 31m.

: In the Case of
Aircraft Normal Case . Trim Run
B727 2m - gy 1)
B737 : 23.5m
| e

1) From the viewpoing of the strength of fence, the distance
of 21 m may be permissible in the case of trim run.
However, in this case the effect of back pressure is such
that it causes errors in power setting. So we made the
distance to be 3Im. This is not the case for B-737,
however.

In September 1977, the height of the back wall was increased so
that test run of L-101]1 may be made. In this modification the
strength of the fence was increased so that the blast fence can
withstand the air speed of 170 m/s and noise fence 120 m/s.

" As a result of this modification, the test run position has

been changed as follows:

Test run position (after September 1977):

1) The distance from the end point of center engine to the
noise fence.

‘Effects of restricted air flow, exhaust gas reingestion, and
- acoustical loading:

So far we experienced no effects of such factors. So far no
changes in guarantee and warranty from airframe/engine manu-

 facturers.
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C. Questions to the designers:

(1) Acoustic loadings:
Because there are sufficient distances between the airframe and
the walls and, in fact, it is an open space, we pay no particular
~ attention to the acoustic loadings to the airframe structure.
(2) Flow constriction. Exhaust gas reingestion:

We pay no particular attention. However, from experience we set
restrictions for the use of the facility for tail wind condition.

(3) Test run position:

Main objective is "noise fence" and so we do not consider an
accurate positioning for test run to be critically important.

(4) Envelopes of meteorological conditions:

We do not think they have much to do with the noise prevention
and accoustic loading. :

In the case of tail wind, in order to prevent the effect of engine
performance and compressor stall, we sometimes move the airframe
forward. Other than this, we do not pay any particular attention
as far as design is concerned. :

(5) Aircrafts used:

The following aircrafts were actually used in this facility.
Ys-11, B737, B727, L-1011, B747SR, A300, and B707.

(6) (?) Test run noise levels measured at four points in the surroundings.

Estimation and measurement of noise were done for B737.

| dB(A)
Measurement Points Noise Level
Angle from Measured Estimated Estimated
No. the Aircraft Distance Values Values at the Values w/o
Noise (Avg. Values) Time of Design Suppression
Walls
P 759 - 850m 57 65 70
P2 1350 630m 68 65 75
P3 2050 - 470m 66 70 85
| Bere | B 890m 80 80 80
SR | g

For details of actual measurements, refer to A(1) and a separate report.
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To whom to inquire about A(5), B(5), and C(8).

The suppression walls were built by

Installer: AN Nippon'Airways
Design: : Kobayashi Rigaku
: Kenkyusho

~ Construction: ~ Shin-Nihon Seitetsu

Technically, the following person is familiar with almost all aspects of
this facility, and so any inquiries should be addressed to him:

Mr. Hisashi lkeda, Senior Engineer
Engineering and Maintenance Division
A1l Nippon Airways

Telephone: (747) 5461

Telex: 2466384 TYO EZ




7.4.4 2urich

Responses, based on a vist to Swissair off
are included.

ices

in Zurich,

by Dr. David Braslau
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Question 1: Sound level measurements

Other than measurements made by the Swiss Airports Authority (available at the
Minneapolis-St. Paul Metropolitan Airports Commission), Swissair was primarily
interested in a maximum noise level at the settlement of RUmlang, located just
west of the airport. The goal for all suppressors was a maximum of 50 dBA, at

an angle of 459 from the tail direction of an aircraft which was being run-up.
This corresponds with the maximum lobe of a typical jet noise contour. Measurements
were to be made under standard atmospheric conditions, and with no wind. For all
of the suppressors, the maximum level was never exceeded, and in general fell
several dBA below this, ranging from 46 - 49 dBA. It is clear, that under this
design criterion, there was no necessity for complex noise measurements at various
distances and in different directions. The noise levels were also be be met for
maximum power settings of the engines during ground run-up.

Question 2: Requirements for Run-up

The use of suppressors is required for all aircraft_running ug at_Kloten. Where
a suppressor is not available, for example for an Tlyshin or Tupolev aircraft,

permission may be granted to run at a selected lociétion on the field without the
suppressor.. General aviation jets are also required to use the run-up area,
primarily the B747 facility, which is equipped with forward screen walls. This
provides shielding for the smaller aircraft, and at the same time provides an
exhaust muffler which can easily accommodate exhaust flows from these types of
aircraft. Only under very severe wind conditions may run-ups be cancelled, but
as discussed below under suppressor use, there have been no problems with
compressor stall or reingestion during suppressor use.

~ Question 3: Critical Meteorological Conditions

Wind rose data for the airport were obtained and are plotted on the attached page.
It can be seen that there are two general directions for wind at the airport,
although all directions are well represented. Only a very small percentage of
velocities above 21 knots has been recorded, with these being mainly in the 060
and 250 directions. The general orientation of the suppressors is 1500, which is
neither parallel nor perpendicular to the primary maximum wind directions. Thus,
a previous argument that wind conditions at Kloten are more favorable for the use
of noise suppressors cannot be substantiated. It should be noted that only once
since the suppressors have been in operation, has a ground run-up been cancelled.

Question 4: Suppressor Cost

The following table gives the cost of each suppressor and date of construction:
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Date of

Suppressor Construction Manufacturer Cost Remarks

DC-9 ' 1968 Schneider 200,000 SF  Tube cost only
B747 1971 Gerber 1,330,000 SF  Steel only
0c-10 1972 Gerber 1,260,000 SF  Tubes only
DC-8 11968 Gerber 870,000 SF  Tubes only
Apron Heating ' 20,000 SF 200 w/nm?

The above costs include design and construction. It should be noted, that since the
devices are supplied by manufacturers, the design costs are included in the total
construction price.

Swiss air initially thought that construction of a hushhouse would be the best

way to solve the ground-run-up problem. This was discarded as too complex and
costly. The original suppressors were completely mobile (Cullum for the DC-9 and
Caravelle) since it was thought that the aircraft would have to be pointed into the
wind. In 1967, the fixed Gerber suppresscrs for the DC-8 were constructed, followed
by the other suppressors noted above.

Maintenance of suppressors is minimal.

Question 1 - Aircraft and Engines Run-up at Facilities

Almost all types of aircraft have heen run-up at the Swissair facilities. These
include:

A1l DC-9 models DC-10

A1l DC-8 models . Most General Aviation Jets
B727 TU 104

B737 TU 134

B747 TU 154

Caravelle Trident

No specific records of the number of run-ups by each type of aircraft were
obtained, but there are generally four run-ups per day at the facilities. (This
should be confirmed.)

Question 2 - Critical Meteorological Conditions

As noted above, there have been almost no conditions under which run-ups could not
be made. Only once was a run-up cancelled because of winds. The heated apron
enables run-ups to be made under adverse ground cover conditions.

The most critical engine is the JT9D, and some initial probelms were found with

run-ups with this aircraft. However, a simple solution was developed. For runs,
a wind meter showing speed and direction was mounted in front of the aircraft, with
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a clear view of the parameters by the pilot or mechanic at the controls. When
the wind speed or direction exceeded certain prescribed values, the throttles
could simply be retarded, thus avoiding damage to the engines. This appears to
have solved the problem for a very small additional cost.

Question 3 - Ground Equipment Requirements

Except for a tractor, no other special equipment is required for placement except
for pos1t1on1ng flags (to assist the dr1ver§ and wheel chocks. The suppressor
location is used to train tractor dirvers, since there is much less chance of
damaging an aircraft there than in a hangar, and the positioning is not as critical.
The noise level guarantees will be met by the 747 and the DC-10, when p]aced
according to pavement markings.- With the DC-9 suppressor, a d1stance of 60-80 cm:
between the engine exhaust and suppressor inlet is required. Because of differences
in design of some DC-9 aircraft, the suppressor must be adjusted for vertical flow
direction also.

Question 4 - Damage to Airframe/Other Problems

No damage has been noted to date (10 years) at the Swissair suppressors. Other

than the above noted snowplow damage to the DC-8 suppressor, not damage or incidents
of aircraft colliding with suppressors has been noted. Detailed discussions are
held with engine manufacturers prior to suppressor use to ensure that this is
satisfactory with the engine manufacturer. To date, no manufacturer has objected

or modified any agreements. Swissair is presently reviewing the new suppressors for
the DC-9-80 with Douglas Aircraft and Pratt and Whitney, which will be using the new
JT8D-209 engine.

It should be noted that damage did occur with the first portable suppressors, since
placement was difficult and very time consuming. No problems have been noted with
the fixed suppressors, however.

Schneider DC-9 Suppressor

Most of the questions related to performance and problems have been covered above.
Specific data on noise measurements for the DC-9 suppressor is as follows:

DC-9 Takeoff power
Engine located 50cm from 1n1et of silencer
Measurements are made at 30° from tail direction of aircraft.

Attenuation (dB) ‘Attenuation (dB)
Frequency (HZ) 200 Feet 2400 M (RUmlang)
. 63 24 1
125 28 17
250 34 12
500 31 1
1000 31 10
2000 27 7
4000 15 2 ¢
8000 9 0 gt

dBA ' 27 ~10

8
4
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It can be seen that the suppressor is very effective for all frequencies at 200 feet,
and less effective for higher frequencies at the longer distance, mainly because
these frequencies do not play a significant role at this distance. However, it
appears that the attenuation of 10 dBA is sufficient to meet the 50 dBA maximum
limit set at the 2400m measurement point. It should also be noted that the 200 feet
point was used by Douglas Aircraft in their noise measurement work. ;

A new Schneider DC-9 suppressor has been built in Vienna for the DC-9-31 and DC-9-52
models. The difference between the present and the new suppressor is that the newer
model has an eval opening (long axis vertical), rather than a circular opening.

This simplified the vertical adjustment for the suppressor and allows it to be
slightly more effective. The Vienna suppres<or at the 200 foot measurement point
had a reduction of 29 dBA, compared to the 27 dBA measured at the Zurich suppressor.

The plans for the new Zurich DC-9-80 suppressor were reviewed. An intake screen
will be provided in the new design, and the tubes will exhaust through a single
chimney. The design has not yet been finalized, and several variations for the
intake noise reduction are being considered.
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7.5 SELECTED ACOUSTICAL DATA

Selected examples of acoustical data available for run-up facilities are included
here. : :

7.5.1 Berlin

Plotted data (based upon data from Reference 15) are shown for the BAC1ll, run-
up at three different positions within the noise "pyramid". The plot indicates
the loss of some effectiveness for different locations within the noise facility.

7.5.2 Osaka“

Selected results from a noise measurement report (Reference 24) are reproduced
here. The results indicate surprisingly high reductions in the near field, and
attenuation at least as great as theoretical computations might indicate in the
far field.

7.5.3 London

The detailed tests and readings for a Trident aircraft indicate the level of
detail which might be needed for .evaluation of such suppressors in other loca-
tions.

7.5.4 Coanda/Refraction Noise Suppression Concept

Some selected curves for tests on the prototype device are included here. The
curves indicate a relatively constant effectiveness with distance. The radial
measurements provide a complete picture of effectiveness with direction, and
octave band data are provided for each radial direction at the far field points
(defined as 250').
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7.5.1 Berlin

Plotted data (based upon data from Reference 15) are shown for the BAC111, run-
up at three different positions within the noise "pyramid". The plot indicates
the loss of some effectiveness for different locations within the noise facility.




FIGURE 7-1
Tegel Pyramid
Observed Noise Levels at 100 Meters from Aircraft




7.9.2 Osaka

Selected results from a noise measurement report (Reference 24) are reproduced
‘ here. The results indicate surpnsmgly high reductions in the near field, and
‘attenuation at least as great as theoretical computations might i.nd:.ca.te in the
far field.




3. Results of investigation by A1l Nippon Airways (Taken from Reference 24)

3-1 Meteorolbgica] conditions at the time of investigation:

Meteorological conditions are important in the propagation of noise
to distant places. The meteorological conditions at the present
investigation were as follows:

First Test Second Test
. Weather: Cloudy Clear g
Height of clouds: 6000 ft s
; Temperature: 130 C 6or70C
Direction of wind: 300 2400
Speed of wind: : 4 knots 9 -14 knots

3-2 Noise levels near suppression walls:

Table 1 shows the results of actual measurements of noise levels at
measuring points 100m from the cculer of engine. In this table, as

a comparison, we included the noise Tevels measured when no suppression
# walls were present (the values were based on the data obtained for

! B-737 at the previous test) and the difference between the noise levels
% with and without the suppression walls. (The difference indicates the
decreaie in the noise level due to the presence of the suppression
walls.

o P 0 A b B 50 s St M S 34 2

Table 1: Noise levels at points 100m from the engine and the effects
of suppression walls.

| Position Noise Level at| Noise Level Decrease in ,3
; Angle Test Run with without Noise Level 3
| . No. | From the Suppression Suppression Due to the 1
: Nose Walls Walls Presence of 4
i Suppression Walls '
! F-1 0° 103 dB(A) 101 dB(A) -2*
% F-2 45 104 103 -1*
' F-3 90 91 105 14

F-4 135 95 110 15

F-5 180 97 106 9

F-6 225 98 110 12

* . jindicates the increase of level.
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3-3 Noises at airport surroundings:

Table 2 shows the results of measurement of noise levels (at take-off
power) at five representative points surrounding the airport. Since the ]
measurement points are 500m away from the test run position, the noise i
level changes with time. Therefore, in the table we have shown both ]
the range of fluctuations and the average values.

In the figure, we have shown the estimated noise levels at each point
assuming there are no suppression walls and the airport surroundings

are open and flat so that there are no obstacles between the test run
.point and the measurement points. 5 1

We have also shown the des1gned values of noise levels (including the
; effects of the buildings in between the test run point and the measure-
| ment po1nts) with the suppression walls installed.

| Table 2: Engine test run noise levels at five points surrounding
3 the airport. (One B737 engine at take-off power.)

il W i

Measurement point Woisiad. Value [ Designed Value | Estimated Value |
3 (Average and with Suppres- | w/o Suppression :
| %umber Distance | Range of Fluctua- sion Walls Halls & w/o 3
tions) _ dB(A) _ dB(A) Obstacles dB(A)
P-1 850m 57 (55~58) 65 90 ]
p-2 630 68 (66~71) 65 75 3
P-3 470 66 (65~67) 70 ; 85 :
i P-3-1 720 73 (72~74) 75 90 .
P-4 890 | 80 (78~82) 80 L 80 ; ;

| At Points P-1~P-3-1, the noise levels with the suppression walls were :
1 57~73 dB(A) and they are close to or less than the designed values. 1
So we consider that the present suppression walls are useful in decreas-

ing the test run noise levels at these measurement po1nts We believe

that we obtained the results that we anticipated. ’

It is noted that the actual measurement points are different from the
"calculation points" used for design purposes. Therefore, we intend to
? make calculations for the actual measurement points and report the

3 results in a separate paper.

Point P-4 faces the open side of the suppression walls. So from the
beginning we expected that the suppression walls would give no useful
effects to such point.
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7.5.3 London

The detailed tests and readings for a Trident aircraft indicate the level of

detail which might be needed for evaluation of such suppressors in other loca-
tions.
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Introduction

On the 25th Jznuery, 1964 tests were made at the B.E.A. Engineering Base,
London (Heatkrow) Airport of the noise of a Trident 1 Aircraft (Spey engines
fitted with nouize supprcssors) runningup on thé ground with end without Cullum
Ground Mufflers. : '

Veasurements

2. Measurements were made on the vort side at points on a circle of 300 ft.
radius with its centre on the centre of the exit of the port engine.
Correspording syzmetrical positions were used on the starboard side. The
measuring positioens are illustrated in Fig.1.

TARLE I

Details of the lieasuring Positions around the Trident
and Association of Positicns with Runs

|
{

ANGLE FROM JET AXTS (degrees)
Operating Engine | ., | SRR P 5
Condition R.P.M. | 30! 15 l60 90 130 !4 §6.°.' o ek
| PORT SIDE ST RBOLRD SIDE |
i RUN NO. RUN NO. |
MUFFLED
3 EZngines Idling i 6,500 1 9% 1414 i : ' 4
Port Engine Cruise I 11,5 : 2, 2elneqti 2 i ! l 2
Port Engine liaximum | 12,400 ; 3 i LT RS i H ' 3
3 Engines Idling i 6,500 | 4 b | 4 | L N
Sterbosrd Zngine Cruise I 11,500 ! T i Sk b 5
Starvoerd Ingine Weximum | 12,400 ! 6:6:i6l 8 | &
— - - . - e & e ——————— -..-..---.,--'-._-.».-..... - —— - ——— — p—— . v w—
UNKUFFLED
3 Engines Idling [ 6,500 Lok 7 ! 111001
| Sterbozrd Engine Cruise 11,500 g1 8.8] 8 | 8
Starboerd Engine Maximum | 12,400 ¥ 391959 9
3 Engines Idling 6,500 |10} 10 {10 |10 ! ‘ 10
Port Engine Cruise 11,500 11 41 {11 111 ‘ 1
Port Engine Haxinum 112,400 142112 112 {42 ! [

3, Throughout the tests the weather was good, the temperature being about 3°C,
the relative huridity 8057 and the wind 230°/0L knots.

Results

L. The results sre summarised in Table II and details of the Octave Band
frslysis arc given in sppendix i. PidB's have been calculated on the
1950 (original) basis.
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TARLE IT

‘Heasurements made at 300 fect from the Tridents Fngines

- - —— 470 By S ot S S T e

e

-

A.‘GuD FROM JET AXIS (deg,rees)

.. mne.

45

e .L-_-....-..

€0- -, 90

0

45

1 60

. — g~

e ————— T ——— e S & 8 S EE T e SYER Vrw e Tmmel e A e e - ——

90 i 180

B Ll Lt et B e --,.. b e e e

Aircraft oA ! mlo 'm 0A , PK,04 : PNIOA ; PN.0A IPI”OA | B 0A B0 104 ,.:::
Operating SPL ! dagsr»u { @B .SPL | GB SPL d8"SPL | dBISPL 1 GBISPL,; dB SPL ' dB;SFL: 33
Conditions aB 4B 'dB ;@B | "‘dB ! gdB 4 dB : dB db i
JUFFLED PORT SIDE ' STARROATD sm“

— . YO D v+ - ————

- — . ——— ¢ ———— . o - Vo - -

e m . v -

e e e e T St MIE St e @mane Y e eapiaesa A . - e

- @ ~come mve

3 Engines Idling ]k A vy | ol i : e ey
Povier g, |9k 8899 81i99l - Al -t -l < o] D -] <l.- & 101
Port Zngine _ i d R I i |
Cruise Power | 98 |107| 981409 1100|111} 92!105! -| P E o o] <) oho2hos
Port Zrgine A BBE T W D e | o AR i
Mex Power 99 11091100 [110/101 143; 95 408" -: -1 -l -| -1 -i -f -192402
3 Engines Idling | ' | ii i {7 K SR
Power S G A B L -';‘ 83 i | 94, 86 95( 8 97180192 83 1100
Starbozrd Engine l ’ ! i
Cruise Pover - Lt e SR -‘ =i -:100 l108 101 110x 98 '110 92 105 5.9‘? 405
Starboard Engine ! l £ AR R _
Max. Pover st e VR G e e -;u1o1 ;109 5101 1104 101 112 \9h 108 92 104
UMUFFLED PORT SIDE STARBOAR.D SIDE :
piepe T : ; e I
3 Engines Idling e S M o Lo o !
. Power e e Rt e B [ L A %5 83| 9% | -, -jezss
Starbcard Engine ! R T ! :
Cruise Power i - =1 =] =t = =i -’ -11118 1125120 127 ‘15 121 s10x, h17 59 1408
Stertoerd Engine | l : i el o
Max Pover i =1 -f -] - =] -1 -! -Mezh2vir22h129 146 1423 ho7 k19 10 408
3 Engines Idling; | | : : i i ; £
Povier 83 9L 87 98. 86 ‘100 80 91H| by "I o o e TR S - ' | ze i 97
Port Engine i ; Pt ] Pt
Cruise Pover 424 |127:1120]427 116 126 106 . 118 e Sl g L oM - 100 407
Port Engine l ; : g ke ! L :
¥ax. Power 122 1129 1221129 118" 127’107'“8i’ =l =0 =i =i =l =1 =1 =101 108
: ; { ; e i i s b : H ' e




— e e o 1 :

1
TABLE IV :
Noise Reduction dve to Mufflers .7
: |
Engine ANGLE FRS)_M- JET AXIS (degrees) .
emtine o 1w | o] ] ® 7 5] o % w0

Noise Reduction ~ Port Side Noise Reduction ~ Stbd. Side i Ahcad

| Shnt e B K S ; : :
| 4B 'PNaB [dB] PNaB |dB [uias @B jinas [ds iPNas lap ipas aB 'mias ks eas s pves
i y - ! Iy (| 2
| ] , i B T o e e Ep
3 Engines Idling i oo L g e
“Power “4! 0 i=1! -1 |1 1 - -|,1i-z 2] 0lwtj=3 |-} = 2"
Port Engine i b i i ¢ i :
Cruise Power (23|20 J22, 19 W6l15 a4 !q3 -1 - 1] -1 .t 2 toi Jlg]y
Port Engine : g ; B3 i i
Max Pover 251 20 j22: 19 H7[14:42(10 =} = ' =) =l =, = lwy =« {9 6
Starboard Engine ‘ B g, ‘ b0 : ;
Cruise Power =l = la el < o] - 18,47 1947 AT -1 M 12- 07
Starboard Engine | W L Dy i i
Max Power B I I A --;21?20 21:19515§11 43.141 |81 4
! 4 ’ ’ ! il ; ! Ii i Vil
MAXIMUM Value
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Angle
from
Jet

Direction
(debrees)

Ncise

I

.
{
|
erating
1t10n;
o

Engine

Opc
Cor Power

ne
z s
on

A e e —

a— - —— s

-

€. e —— e mw e v TTm Sy W

Sound Pressure Level dB

re 0,0002. dynes/om?
Octave Bands

37 5-9, 600 CcPS

e e vie e e

,2: 3' l,,g 5!

e v

1

36 Port

30' "

! }6 Fort
30 n :

20 Firt
o "

45 Port
45 ¥

kﬁ Port
hs "

45 Port
85 "

60 Port
60 "

60 Port
6 "

@ "
0

90 Port
90 "

90 Port
2 S A

5

....,--'

Yuffled - *

Unmuffled’ Port Engine
Cruise
” n

1

!
Muffled |
Un:uffledf?ort Engine Max
‘Murfled ‘ 4 o e
'tzuf‘led 3 Bngines Idling
Muffled i oy

f

Uncmuffled Port Engine
Cruise
Muffled i L

Unmuffled, Port Engine Max
Muffled ., " " "

Unmuffled. 3 Engines Idllng
Muffleda |

Un«uff’ediPort Engine
! i Cruise

fluffieg | ov o 0

'

Unmuffled! Port Engine lax
uffled ( " " o
i ;

Urnmuffled Port Engine
« Cruise
Muffled |, " o
'
.Unmuffled Port Engine lax
l Mufﬂ ed ! " n "

eruffled 3 1=‘ﬁg:.nes Idllng

77
79

112

112

9L

79
82

106

90

113

P

79
79

105

9

106

93

96

| 8l

: 97

| 83

-

h16
92 | 91

16 118|116
92191, 90

114

115

111

9 74 73

82| 78} 80

83| 76: 76

92 90; 90

80. 791 77

25 92' 920

|
401 100 97 i 93‘ 96'
83 | 85 86! 87| &u

ho2 | 98 98! 96I 97
el 87 87, ss, 85
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o wy. ——— e -————

78| 76 75;

1106 . 98.89

116 114 :
84'75:

90 ! 89; 88

: 90

Mh 11h

118 [116
9% 90| 91
i

8| 77 75

105 .104
89' 89l 88‘82

113108

in

e Y e e

£t

!

108107 101l92
86: 76

| 76| 80166 ,

o

105406 100!50
88, 88, 86: /78

110" 106{100 90 |
90| 92, 8778 |

70 L3 76 73
7L 74 7# 70 .

103193

91 1 91183

i
!

97:90
8276 .

Jessuraments Kade st 300 fect (rom the Tridenl

Overail '
. Sound

Pressure'
: {ENGR)

——— A -"--4...

73! 69i6s |
753 68:63 '

I

76 75-69 i

1

112,11u 110 407 103'1ou 95 |
96 93" 91l 91

98'91:
87 80

|
-~
|
i

:
'

v B - - oais s e s Caine & G

s e vt o a

o —— e P e m—— - —

Perceived
Noise

B ettt d e atibalbd SUTERIE

ol
s

9%

127

107

129
109

98
99

127
109

129
110

100

99
126
111

127
113

118
105

118
103




- 180

180

1%

180

180
180

- 480 -

120

-
4

Muffled

UnmufflediPort_Engine
‘] Cruise

[Muffled i i

; UnmuffledIPort an1ne Max
Huffled ! " "

i
Unzuffled;STBD Engine
; Cruise
Kuffled ! ke

qrwuffled STED Engine "ax
! ruffled ‘ " " "

Unmuffled 3 Engines Idling

83| 85

75! 73
175

89195

87| 9% ;

82 82

a2 95
g2 | 3
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73

72}

97

98

95

96

.8,

72; 72; 71'71 82

R 75 83

86 81! 76' 75 100
83 78 81i75. 92
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'aal 82 | 79 75 101

79 77;73 92
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86 81 ' B3, 7# 99
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100

107
103

108

102

10¢.

105

108
104

Ve




B AR e A AT | 47 A5

s A O B A AR A P

-~

Angle
from
Jet
Direction

(degrees)

- e - ———— ]

90 STED
n

: 90

20 STRD
90 "

60 STBRD
60 "

60 STED
60 "

60 STRD
60 "

45 STED
A5

45 STBD
45 STED

45 STED
45

30 STED
30 v

30 STBD
30

30 STRBD
50

APPENDIX A
- 5 Sound Pres—we Leyel B ig. . o |
re0.0002 d}nea/nmo in ;Zznd ;PerCeivei
Operating Engine Octave Bands Picsatite | Noise
Condition Power 37.5-9,600 CPS Y vl } (PNaB)
e e e e e !
S R
| : ; | Pl ! e o e e i PRI SRy
e ; i b R ' e AL )
Unmuffled| STED Engine - | bt !
' Cruise 95{100;1001100: S7 97! 95;86| 106 . 117
Nuffled el 83| 83 82 §5. 87! 85 @3761 s2 ; 105
| ! : A
Unmuffisd] STED Engine Max | 96|101 101 101 | 981 97. 97!91’ 107 ! 119
Muifled o " " 83 86; 86 86, 87! 83 87}80 Sy 408
| e L 1
Unmuffled| 3 Engines Idling| 79| 77 76 L) 7 69: 09:65 83 i 94
Nuffled " " 77| 771 761 72| 70, M| 72'62 1 B 1 97
i ¢ l ;
Unmnuffled | STBD Engine ! f i ke
Cruise 1051141 1410106 11021 99: 94 & | 145 121
Kuffled | " " 81| 82| 82! 91 91. 91' 89:821 98 410
Unmuffled|STRD Engine Max §1o7 1131 108,104. 99: 96186 | 116 123
Muffled | " " % 9439k 93' 931941 911 90182 1 101 12
e ‘
Unmuffled|3 Engines Idling| 82| 80! 791 79 7ui 76‘ 70165 | 88 95
¥uffled " - 80| 80 76' 72! 78] 70-6u 86 95
; e
Unnuffled | STBD Enging f ' i
- Crrise T2 114 {116 143 A07 1001 995 89 120 i 127
Fuffled | " " 96| 92| 92 9 9% 92, 87. 76 400 40
| | ' :
Unmuffled:STBD Engine Max 1113 [115{1181116 110 106’100 90 1'122 “ONEY
Nuffled - " 9 " i 861 94| 92 95' 96, au. b8 76 101 i 1410
Unnuffled|3 Engines Idllng 791 79! 761 T 71 72 67 62 8, 92
Muffled 79176721 73' 7176, 69 6# {83 A 1
’ P i
Unmuf'fled | STBD Engine i ' '
Cruise 110 114 112‘109 1061103 98!88 118 125
Muffled | " " 1N 91| 94 ¢ 92 : 90' 90 8 ' 73 4100 108
|
Untuffled |STBD Engine Kax (112 #4416 118 116 108 1071101 92 | 122 129
duffled | " i i 95 92 92 95 95 90l 86 74 | 101 109
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7.5.4 Coanda/Refraction Noise Suppression Concept

Some selected curves for tests on the prototype device are included here. The
curves indicate a relatively constant effectiveness with distance. The radial
measurements provide a complete picture of effectiveness with direction, and
octave band data are provided for each radial direction at the far field points -
(defined as 250'). :
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g A _;B_Egrw"m_~_m,“,nmumu_
Cullum DC 8 Suppressor - Amsterdan | A1
R e 68 Date Prepared: Location/Airport:
Dunn Report May 1974 Amsterdam/Schipol
[Owneér/Operator : Date of Installation:
KLM 1951

Vendor/Designer:

Cullum Detuners Ltd., London

Site Requirements:

Approximately 1,000 m2

Type of Suppressor/Barrier:

NATO aircraft)

Mufflers (four) (previously used for:

Aircraft and Engine Types/Users:

DC 8-63

Construction Cost: .

Not avaiiab]e

Maintenance Requiréments/Cost:-

Not available

- safety ‘Requirementss:

Not available

Set-Up Requirements:

Aircraft must be carefully placed
(some difficulties encountered)

Wind/Meteorology Restrictions:

Nothvailable

Effects on Engine Performance or
Airframe:

Not available

Current Use:
|Rarely used

Acoustical Performance:

No muffler. 48-56 dBA
With muffler 42-61 dBA

2 km)
2 km)




1 i b t : 1D No. g
Noise Wall - Amsterdam - A1-2
-"s*éux::ce of Data: Toate Yepared: Location/Airport:
Dunn Report May 1974 - Ams terdam/Schipol
ner/Operator: ~ | Date of Tnstallation:
z KLM : 1971
\ "'\?éncior/oesignéfé' ' “Jsite Requirements: Y TR I
- . |Not available 3 T, i Surrounds maintenance area
| “Type of Suppressor/Barn.er. : X Aircraﬁ"é"rid—'ﬁﬁgﬁ?fﬁﬁégftfsers:
; Concrete wall, 11 m. height, 500 to A1l KLM aircraft
' horizontal
Construction Cosﬁ: . Maintenance Requirements/Cost:
Not available : g Not available
[ Satety 'iéij;f:iﬁi}i\éhté-: : W Set-Up Requirements: }
Normal procedures s Not required
Wind/Meteorology Restrictions: , Effects on Engine Performance or
i ' Airframe:
f No information available : . | No information available
Current Use:
A1l maintenance evidently carried out within walls
Acoustical Pcrformancc: Th
Walls give reductions of § to 9 dBA under normal atmospheric conditions (probably
at 2 km but not specified)




Noise Shelter '- Berlin/Tegel

(1D No.

Berlin Airport

B1-1
"Source of Data: Date Prepared: Tocation/Airport:

Dunn Report May 1974

Berlin Airport August 1978 Berlin - Tegel
Technical University Berlin - April 1975

Airline Users 1978

= [Owner/Operator: Date of Installation:

1974

Vendor/Designer:

Thomas J. Meyer and Partners, Hamburg

Site Reguirements:

"Approximately 4,500 me

Type of SUQpreSSor/Barrier:

Open-ended "hush-house" or "noise
pyramid" .

Aircraft and Engine Types/Users:
All

vanstructidh Cost:
Planning costs: OM 400,000
Construction: DM 5 million (1974)

Maintenance Requirements/Cost:

DM 30,000

Safety Requirements:

Normal equipment

Set-Up Requirements: i
Placement critical for performance:
1 in tow vehicle
1 in aircraft
1 at tail

Wind/Meteorology Restrictions:
90° crosswind and greater

Effects on Engine Performance or
Airframe: .
Full power run causes tail to vibrate
on BAC 111-500 and B727-100
Mispositioning caused back airflow over
wings causing detached access panel

Current Use:

Required of all aircréft'ground runups

Acoustical Performance:

Maximum reduction of 27 dBA (100m from the engine at 165°)




IAC Concorde Suppressor

fSOurce‘ofzﬁhia:.
Industrial Acoustics Company
Dunn Report

Vendor/Designer:

Industrial Acoustics Company

ID No. e
- B2-1
Date Prepared: Location/hiréort:
No date Bristol/Filton
May 1974 R.A.F. Fairford
Owner/Operator:. Date of Installation:
British Aircraft 1970
Corporation

Site Requirements:

Approximately 600 m2

Type of Suppressor/Barrier:
Fixed Silencer

Concorde - Olympus 593

Aircraft and Engine Types/Users:

"Construction Cost:

US $ 196,000

No information

Maintenance Requirements/Cost:

“Safety Requircments:

Set-Up Réquifements:

Not availab]e'

-Wind/Metedrology'Restrictions:

Not availqb1e

Airfr.
None indicated

'ffects on Engine Performance or"

Current Use:
Not available

Acoustical Performance:

20 dBA reduction (at unspecified distance)

S5 ERSEAEES ¥ 0SS S P




ID No.

Noise Barrier - Dlsseldorf D1-1

Source of Data: R Date Prepared: Location/hirport:

Dunn Report May 1974 Dlsseldorf
Owner/Operator: Date of Installation: |

Dlisseldorf Airport

1972

Vendor/Designer:

Aero Group

Site Requircements:

Approximately 6,000 m2

Type of Suppressor/Barrier:

Noise Fence (molded plastic adsorptive
panels)

Aircraft and Engine Types/ﬁéersé'
A1l aircraft (except DC10)

Construction Cost:

US $ 397,000 for wall and apron

Maintenance Requirements/Cost:

Minimal

Safety Reqguirements:

Normal

Wind/Meteorology Restrictions:

B747 1imited to crosswind of 10 kts
RB-211-22B (L1011) limited by crosswind

(1-2% of time not useable due to wind)

Set-Up Requirements:
10 minutes (1 in two vehicle, 1 in cock-
pit, and 2 outside for quidance)
Tow vehicle ($180,000) for L1011 (LTU)
T?w vghicle ($ 50,000) for Caravelle
LTU

Effects on Engine Performance or
Airframe:

Recirculation took place with initial
runs with B707/DC8 but problem solved
by deflector panels

One RB-211-22B destroyed due to surages
caused by back pressure problems

Current Use:

Mandatory for all aircraft/exceptions made based on engine limitations discussed

-above.

Acoustical Performance:

Reduction up to 10 dBA under favorable wind conditions (at 1 km), although there
is some indication that noise levels may appear to increase under unfavorable wind .

conditions in some directions




s = o o s e s e e

o : ID No.

‘Frankfurt Noise Wall F1-1

Source of Data: tegiiepared: Location/Airport:
Dunn Report May 1974 : Frankfurt

Frankfurt Airport November 1978

A ‘ Oﬁnerlopefator: Date of Installation:
Frankfurt Airport Not available

Vendor/D¢signer: it Site Requirements: : : o
Dipl. Ing. R. Kraege - Designer On border of freight area

Prof. Dr. Reichow - Designer Length = 2,000 m

Strabag Bau AG - Construction

Tyﬁe of Suppreésor/Barrier: Aircraft and Engine Types/Users:
Prestressed concrete wall with inverse AN

parabolic section for maximum reflection

dampening ;

Cpnstruéfion Cost: Maintenance Requirements/Cost:

DM 8.1 million Minimal

Safety Requirements: _ Set-Up Requirements:

None reported None reported

Wind/Meteorology Rest-ictions: = Effects on Engine Performance or

Airframe:
None reported . None reported

Current Use:

| Separates freight center from Kelsterbach (community)

Acoustical Performance: .

Distance of source to wall Noise reduction behind barrier
. o T,000m  2,000m 3,000 m
50 m 20.5 dBA 20.0 dBA 19.5 dBA

500 m  13.5dBA  13.0 dBA  13.0 dBA

T A S
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tiush—-House

Type of Suppressor/Barrier:

| A e e e e e i
e N, o
Hush-House - Hamburg H1-1
Source of Data: Date Prepared: Location/Airport: S5
Dunn Report May 1974 Hamburg
Lufthansa December 1978
Hamburg Airport November 1978
[Owner/Opevator: " TDate of Installation: |
Lufthansa » 1960
Vendor/Designer: s g st TSite Requirements:
Design: Gorsch-Gehrmann, Wiesbaden
Shell Construction: Siemens Bauunion " Approximately 5,500 m2
GmbH and Paul Hammers A
Acoustics/dynamic const: Grinzweig and :
| _Hartmann_AG_and Oscar Gossler GmbH ___ | di i o]

[Aircraft and Engine Types/Users:

Narrow body aircraft
A300 partially accommodated
B747/DC10 use hall only as muffler

(Lufthansa only)

design)

Safety Requircments:

Not specified

Construction Cost: (incl. planning &

DM 9,000,000 (1962) (hush-house only)
DM 415,000 (1976)° Noise Wall

Maintenance Requirements/Cost:

Sound proofing devices DM 410,000
Firc protection eauip. DM 335,000
Normal Building Maint. DM 220,000 |

Set-Up Requirecments:
4 people required regardless of aircraft;
B727 - 1ift nose gear to put in hall,

takin? about 30 minutes; therefore 727's
nnga 1y runup using hall as muffler
on

Wind/Meteorology Restrictions:

Current Use:

359 aircraft in 1977

Acoustical Performance:

Potential problems on No. 2 Engine on
B727, otherwise, no problems

297 aircraft in 1978 (through October)

Maximum performance (1964 measurements): (125 m from the Hush House)
Perpendicular to entrance:
30 to 60° from entrance:
In front of Hall:

25 dB (evidently linear)
20-25 dB
6 dB

Effects on Engine Periormance or
Airframe:
GE CF6 restricted to 80% N, because of
insufficient flow at highgr power
No damage or reingestion reported




Cullum Trident/BAC 111 Suppressors - Heathrow

L1-1

[‘Source of Data:

Date Prepared:

Location/Airport:

Cullum Detuners, Ltd., London

Dunn Report May 1974
Cullum Betuners, Ltd. : : London/Heathrow
Ministry of Aviation March 1964
; Owner/Operator: Date of Installation:
British Airways 1964
Vendor/Designer: Site Requirements:
2

Approximately 400 m

Type.of Suppressor/Barrier:

Tubular mufflers

“|aircraft and Engine Types/Users:

Trident
BAC 111

% -

Construction Cost:

Not availab)e

Maintenance Requirements/Cost:

Note available

SafetyARequirements:

Not available (assumed standard)

Set-Up Requirements:

Placement of aircraft by bug‘

Wind/Metcorology Restrictions:

None identified

Effects on Engine Performance or
Airframe:
None identified

sy :
Current Use:

Probably in use but no frequency data

Acoustical Performance:

Port/Startoard Engine Cruise Power:

Port/Starboard Engine Max. Power:

|23 20|22 15|16 1514 13

[23 2olzz 19117 14 |12 IOJ‘ZT 20J21 19

Engine : (A1 levels at 300') Angle From Jet Axis (degrees

Operating ‘| 30 | 45 [ 60 | 90 30 9 180 -

Condition ma—Noise'Reduci:fon-Port; Side Noise Reduction-Stbd. Side Ahead
W PHdB dB PNdB dB PNAB dB P

18 17 ! 19 17

|
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Cullum B747 Suppressor - Heathrow L1-2
Source of Data: Date Prepared: Location/Airport:
Dunn Report May 1974 London/Heathrow
Owner/Operator: Date of Installation:
British Airways 1970
Vendor,/Designer: R Site Requirements:

Cullum Detuners, Ltd., London

Type of Suppressor/Barrier:

Tubular mufflers (on raiis for fore and
aft movement)

2,000 m¢ (estimate)

B747

[ Construction Cost:

£ 60,000 (1970)

Maintenance Requirements/Coét:

Not available

Safety Requirements:

Assumed standard

Wind/Meteorology Restrictions:

Tail winds not permissable

r_-“........_._._ ot o s i s S i o s e || S

CurrenﬁMUse:
Currently used but no frequency data

(Acoustical Per formance:

No data available

Set-Up Requirements:

Ajrcraft parked in predetermined position
and mufflers moved forward to engines

|Effects on Engine Performance or

Airframe:
Some evidence of reingestion under
unfavorable conditions

SRR —
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ID No.
CulfumAB707 Suppressor - Heathrow L1-3
Source of Data:. Date Prépared: Location/Airport:
Dunn Report May 1974 _
Ministry of Aviation (ORN 121) London/Heathrow

Type of Suppressor/Barrier:

Vendor/Designer:

Cullum Detuners, Ltd., London

Tubular mufflers (fixed but adjustable)

September 1969

Owner/Operator: Date of Installa

British Airways 1960

tion:

Site Regquirements:

1,500 mé (estimated)

Alrcraft and Engine Types/Users

8707

| Construction Cost:

£ 30,000 - (1960)

Maintenance Requirements/Cost:

Not available

[ safety Requircments:

Assumed standard

Set-Up Requirements:

Aircraft positioned by bug

Wind/Metcorology Restrictions:

None identified

Effects on Engine Performance or
Airframe:

- None identified

'Current Use:

AProbably in use but no frequency data

Acoustical Performance

Measurements for B7071136 (RR Conway 568’w/suppressors)

Reduction in dB (1inear) at 300 feet for Max. Power

Direction Angle from Jet Axis

Port Side (No. 1) 19
"Stbd. Side (No. 1) 14

30° 3nO 85 00 180~
2] 4 SRR | -2

19 20 e e




ID No. e T
L1011 Run-Up Pen - Heathrow b
Source of Data: Date Prepared: Location/Alrport: -~
Cullum Detuners, Ltd. September 1978 London/Heathrow

British Airways TN p/678

February 15, 1974

Owner/Operator: Bate of TGl
British Airways 1977
\ .
'Veﬁdor/Designer: Site Requirements: Reves 3
. Cullum Detuners, Ltd. Approximately 4,000 m? (estimate)

e e e g e b . St A 5 i o g e R ——

Type of Suppressor/Barrier: Aircraft and Engine Types/Users:

U-shaped wall (run-up pen) Lo

Construction Cost: “|Mainténance Requirements/Cost: - %

No information available No information available

Safety Requirements: Set-Up Requirements:

Assumed standard Placed in positfon by bug

Effects cn Engine Performance or
Aixframe:

None identified

Wind/Meteorology Restrictions:

None for wing engines
Potential problems for tail engine with
adverse wind conditions

Current Use:

" In current use by no frequency information available

Acoustical Pexrformance:
Model results from National Physics Laboratory (at 1200m):
14.8 dBA reduction

7.5 dBA
14.6 dBA

No. 1 Engine
No. 2 Engine
No. 3 Engine

et o v gt o e 4 e nan
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IAC B707 Suppressors - Gatwick L1-5
Source‘of_ﬁataz . Date Prepared: Location/Airport: .
Civil Aviation Authority May 1973 London/Gatwick
Owner/Operator: Date of Installation: ;
Laker Airways 1973 (estimated) |
¢
[ Vendor/Désigner: A Site Requirements: |
Industriai_Acoustics Company, Staines 300 m¢ (estimated) ; '»;

Type of Suppressor/Barrier:

Portable mufflers

“|Aircraft and Engine Types/Users:

B707-320C

Construction Cost:

No information available

Maintenance Requirements/Cost:
No information available : :

Safety Requirginents:

Assumed standard

“Wind/Meteorclogy Restrictions:

None identified

Set-Up Requirements:

No information available

MESTRES LS (8

Effects on Engine Performance or
Airframe:

None identified

Current Use:

No information available

| Acoustical Performance:

Reduction: 10 PNdB

suppres;or)

Maximum power at 300 feet and 30° from jet axis on port side of aircraft:

(Muffled and unmuffled levels at a greater distance could not be made at the
‘same location and thus do not strictly represent the effectiveness of the




; ‘ _ ID No. o :
2 & ) i 1:
Run-Up Pen - Los Angeles ; : L2-1 \ 3
Source of Data: Date Prepared: . Location/Airport: j
Los Angeles Airport Authorlty 1976 : ;
Dunn Report May 1974 Los Angeles/
: ' | International 3
ner/Operator Date of Installation: 3
Los Angeles Int'l. | 1968 k
. | ;
Vendor/Designer: TTTTTT T T TSite Requirements: e |
 Hight Construction Company | Approximetely 3,000 mé
'fype of Suppressor/Barrier: Aircraft and Engine Types/Usérs=
Circular inward sloping noise barrier Narrow body ‘ _ | &
i
Construction Cost: . e T Maintenance Req'uirementSZCost': :
$147,845 (1968) - Minimal | i
; Safety Requirements: o Set-ﬁp Requirements: : b e g : ! %
2 Normal equipment ; Placement by bug !
. Wind/Meteorology Restrictions: Effects on Engine Performance or 1
j , Airframe:
E None initially identified Reingestion/compressor stall
. '
Current Use: :
; i No longer used ! :
Acoustical Performance:. :
3 Maximum reduction of 15 PNdB (245° from aircraft heading 3, 500 feet from pen)




: ID No. S i
Noise Wall - Miinchen M1-1 4
{ Soucce of Data: ' Date Prépared: " | Location/Airport: :
Munich Airport February 1974 Munich - Riem
[Owner /Operator: Date of Installation: {
4
Munich Airport January 15, 1974
Vendor/pesignef: Site Requirements: Y
Construction: G. D. Maiback, ‘| Approximately 12,000 m® with apron ' °
Plastikfabrik, Eislingen/Fils ~
Type of Suppressor/Barrier: 1Aizcratt and Engine Types/Users:
U-shaped Noise Abatement Wall All (exéept tail engine DC1Q)
| Construction Cost: f Malncenance Requircments/Cost:
DM 1,240,000  (1973) - | Minimal
safety Reguiiements: . Set-Up Requirements:
~ Normal ' Placed by bug
Wind/Meteoroloqy’Restriéfions:‘ i Effects on Engine Performance or
; Airframe:
None identified - : ) None identified

- Current Use:

No information available

‘Acoustical Perfoxman¢q=

20 dBA reduction through wall (no distance measurements available)
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A1l Nippon Airways.- Questionnaire
and noise measurement report

Questionnaire 1978

Noise Report - Dec. 71

ID No.

Noise Barriers - Osaka 01-1

Source of Data: Date Preparecd: Location/Airport:
Osaka

er/Operator:

A1l Nippon Airways

Date of Installation:

November 1971
(modified Sept. 1977

s

R for L-1011)
Vendor/Deslgner Site Requiremenﬁs:
,' Designer: .Kobayashi Rigaku Kenkyusho Approximately 2,000 mé
Construction: Shin-Nihon Seitetsu
‘Type of Suppressor/Barrier: ) Aircraft and Engine Types/Users:
Noise Fence Ys-11, B737-281, B727-281, L1011-1
Construction Qost: i Mainpenance Requirements/Cost:
JY 60 million _(1971) Minimal ;
(not including foundation work) :
‘Safety Requirements: Set-Up Requirements:
Normal equipment Placement by bug using'normal personnél
, ,
Wind/Meteorology Restrictions:' - |E fects on Engine Performance or
YS-11 limited to idle/tail winds 10 kts |Airframe:
B737/B727 - no trim run/tail winds 10 kts VS 1 reg}gégtggggeéo prevent resonance
o) ¢ coter e i ll | oY resedciTons o prevent bk
% ground idle for Cﬁ"te"/ta‘] winds 10 kt 1 L?Ol restrict1ons to prevent compressor
: Current Use: B
« | YS-11  87/month . B727 27/month
i B737 . 13/month. LlOll 7/month
s Acoustical Performance:
759 at 850 m 5 dBA reduction
1350 at 630 m 10 dBA reduction
205° at 470 m 15 dBA reduction
340° at 890 m 0 dBA reduction

A ek, o
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| None identified

Boet B747 Suppressor - Charles de Gaulle

ID No.
P1-1

Source of Data:

Aeroport de Paris
S.A. André Boét

Date Prepared:

September 1978

Location/Airport:

Paris/de Gaulle

Owner/Opérator:
Air France Not available

Date of Installation:

Venao;/Designei:

S.A. André Bobt, Villeneuve-D'Ascq

P

Type Oof Suppressor/Barrier:

Tubular mufflers with intake screens

Site Requirements:

Approximately 700 me

Rircraft and Engine Types/Users:

B747

Construction Cost:
F 2,365,000 (no date)
(suppressor only)

Maintenance Requirements/Cost:

No information available

Safety Requircments:

Standard

‘Wind/Meteorolcgy Restrictions:

Set-Up Requirements:

No infonmation available

Effects on Engine Performance or
Airframe:

None identified

Current Use:

Currently in use but frequency not available

Acoustical Performance:

20 dBA (at 100 m and 459 from rear axis of a1rcraft)
50-55 dBA maximum (at 2,500 m)




Boet A300/DC 10 Suppressor - Charles de Gaulle

ID No.
P1-2

Source of Data:
Aerosport de Paris
S.A. André Boét

>3

Vendor/Designer:
S.A. André Bo#t, Vilieneuve-D'Ascq

Date Prepared:

September 1978

Paris/de Gaulle

Location/Airport:

[Owner/Operator : Date of Installation:
Air France Not available
o o

Site Requirements:

Abproximately 700 m?

[ Type of Supprecssor/Barrier:

Tubular mufflers with intake screens

BAircraft and Engine Types/Users:

‘A300
DC 10
Concorde

—

Construction:Cost;

'|F 2,000,000 (no date)

(suppressor only)

Maintenance Requirements/Cost:

No information available

Safety Requircments:

.Standard

No information available

Sct-Up Requirements:

[ Wind/Meteorology Restrictions:

None identified

|
i

|Effects on Engine Performance or

Airframe:
None identified

Currgnt Use:

Cdrrently 1n use but frequency not available

Acoustical Performance:

120 dBA (at 100 m and 45° from rear axis of aircraft)

50 dBA max imum (at 2,500 m)

i cgl G
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Bolt B707/DC8 Suppressors - Orly and

iD No.

de Gaulle P1-3

[[Source of Data:

Aeroport de Paris
S.A. André Bodt

Date Prepared: Ilocation/Airport:

September 1978 Paris/Orly and

de Gaulle
Owner/Operator: Date of Installation:
Air France Not available

RN TSRS AI S e
| Vendor/Designer:

S.A. André Boét, Villeneuve-D'Ascq

[ Type of Suppressor/Barrier:

Tubular mufflers/no screens

TSite Requirements:
Approximately 600 m?
|Aircraft and Engine Types/Users:

B707, DC8 series 50/60 - JT3 engines

3 o sl

St TEroocion Goat:
F 1,600,000 (no date)

(suppressor only)

Maintenance Requircments/Cost:

No information available

Safety Requircments:

Standard

%

Hiﬁd/Meteorolqu Restrictions:

Tail winds limited to 60 km/hr

Set-Up Requirements:

No infbrmation'avai1ab1e

Effects on Engine Performance or .
Airframe:
None identified

ey O W

Current Use:

Currently in use but frequency not available

Acoustical Performance:

60 dBA maximum (at 2,500 m)

27 dBA (at 100 m and 45° from rear axis of aircraft)

¥
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[ID No.

Boet B727 Suppressor - Orly P1-4
[Source of Data: Date Prepared: Location/Airport:
Dunn Report May 1974 . Paris/Orly and
de Gaulle
Aeroport de Paris September 1978
S.A. André Bobt ner/Operator: Date of Installation:
Air France Not available
Vendor/Designer: 34 Site Requirements: jsedenoen,

S.A. André BoBt, Villeneuve-D'Ascq

Approximately 500 m2

B

Type of Suppressor/Barrier:

Tubular mufflers/with intake screen

B727-200

Aircraft and Engine Types/Users:

Construction Cost:

F 886,000 - ~ (no date)

(suppressor only)

Maintenance Requirements/Cost:

No information available

Saféiy Requirements:

Normal equipment

[ Wind/Meteorology Restrictions:

Max imum taii wipd of 60 km/hr

Set-Up Requirements:

No information available

Airframe:

with trim runs)

Effects on Engine Performance or

None identified by manufacturer
reported some back pressure problems

(user

Current Use:

Currently in use but frequency not available

| Acoustical Performance:

60 dBA maximum (at 2,500 m)

29 dBA (at 100 m and 459 from rear axis of aircraft)




[ 1D No.

Bertin Caravelle Suppressor - Orly and de Gaulle P1-5

Source of Data:
Dunn Report
Aeroport de Paris

Date Prepared:

May 1974
September 1978

Location/Airport:

Paris - Orly and
de Gaulle

Owner/0pérator : Date of Installation:
Air France Not available

Vendor/Designer:

Bertin & Cie, Plaisir

Site Requirements:

. Approximately 200 m2

Tubular mufflers (Mobile)

Aircraft and Engine Types/Users:
Caravelle ' '

Construction Cost:

Not available

Safety Requirements:

Standard

Maintenance Requirements/Cost:

Not available

Set-Up Requirements:

Placed behind engines (close fit)

Wind/Meteoroiogy Restrictions:

None identified

Effects on Engine Performance or
Airframe:

None identified

Current Use:

.Currently‘in use by frequency not available

Acoustical Performance:

| 25 dBA (at 100 m and 450 from rear axis of aircraft)




Japan Airlines Suppressor ~ Tokyo

B i TS T ———

ID NO
11141

Source of Data:
Japan Airlines
Dunn Report

Date Prepared:
September 1978
May 1974

Location7!1rport:

Tokyo - Narita

Owner/Operator:

| Japan-Airlines

Date of Installation: .

Not available

Vendor/Designer:

Ishikawéjima-Harima Heavy Industries
~ Co., Ltd., Tokyo (under license from
Oskar Gerber)

Site Requirements:

Approximately 3,000 m?

[ Type of Supprcssor/Barrier:
Fixed mufflers (four engines) w1th
noise screens

Aircraft and Engine Types/Users:

B747 - JT9D
DC 8 - JT3D
DC10 - JT9D

"Construction CObt

Design and construction 219 m11]1on ¥
(1972)

~ DC10 extension 63.4 million¥ (1977)

. [Maintenance Requiremcnts/Cost:

Minimal

Safety Requlrements
Normal cafety equipment

Wind/Meteorology Restrictions:

Cross and tail winds not permitted
(modification being sought to eliminate
restrictions)

“|Effects on Engine Performance or

Set-Up Requirements:

Minimum personnel:
1 tow car driver
2 wing tip observers
1 cockpit brake man
1 tail watcher

Airframe:

Manufacturer guarantees prevention of
exhaust reingestion up to 5 kts in any
direction

Current Use:

In the Suppressor

Out of the Suppressor

A/C Type Jun Jul Au un u

T T > 9 s

DC10 7 1 3 5 0 0

DC8 51 62 53 5 7 6
: Other Airlines : | SN | S 3 2 3
Acoustical Performance: ~Sound Level Measurements (1400 from nose and 700m)
B747 (JT9D-7A,#210,#3part,#1,4 idle) DC10 (JT9D-59A,#270,#1,3 idle
630z '25 250 gﬁO ____ik _Zl( __Ek gl;d[i—ﬁ 2 0 1k 2k 4k 8k dBA|

76 67 52 38 38 38 35 32 53 w/suppressor
63 63 64 60 47 74 w/o suppressor

95 89 71

79 73 61 46 46 40 35 27 S8
104 99 82 66 66 62 59 53 83

7-75
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Swissair DC 9 Suppressor/ZlUrich

N, . o

Z1-1

[Source of Data: .

Dunn Report

Date Prepared:

Dunn Rpt.-May 1974
Discussion - 28-29 Dec,

Location/Airport:

ZUrich - Kloten

Swissair
- 1978
Schneider+Co.AG aner/OPerat0r= Date of Installation:
Swissair 1968

[ Vendor/Designer:
Schneider+Co.AG, Winterthur

Site Requirements:

Apron with appropriate markings for
accurate placement

Approximately 150 m? required for
suppressor .

[ Type of Suppressor/Barrier:

Separate muffler for each engine,
adjustable for vertical and horizonal
thrust direction

Aircraft and Engine Types/Users:

DC-9 (JT8D)

Construction Cost:

SF 200,000 ~ (1968)

- (costs of mufflers only)

Maintenance Requirements/Cost:
Minimal

Safety Requircments:
Standard ear protection
Standard fire equipment
Standard wheel chocks

Set-Up. Requirements:
Placement by bug using marks on pavement
and flags for visibility

Wind/Meteorology Restrictions:

None identified

1%ffects on Engine Performance or

hirframe:

None identified

Lo e e

Current Use:

At least once pereweek

Acoustical Performance:

Approximately 10 dBA reduction at 2,400

only)

7-76

25 dBA reduction at 200 feet at an angle of 30° from rear to aircraft
(360° readings were not made since guarantee treated the most adverse direction

meters along same radial
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Swissair DC8 Suppressor/ZUrich

P e w0 82 s SR 4 4 s e

ID No.

712

‘Source of Deta: ~ - &
Dunn Report
_ Oskar Gerber

Location/Air?ort:
Zlrich - Kloten

Date Prepared:
Dunn Report - May 1974 |
Discussion - 28-29 Dec

Oskar Gerber

- Swissair 1978 i
' Owner/Operator: Date of Installation:
Swissair 1968
Verdor/Designer: i “|Site Requircments: s

Approximately 1,400 m2
" Heated pavement is used

| Construction Cost:

SF 870,000 (1968)

Safety Requircments:

Standard ear protection
Standard fire equipment
‘Standard wheel chocks
Heated pavement

h?;;émeméﬁﬁb;5§§5E7ﬁg}rief;' Aircraft and Engine Types/Users: |
Horizontally adjustable mufflers DC8
- : B707
Cv990
Maintenance Requirements/Cost:
Minimal ' |
(costs of muffler tubes only) ; 4

Set-Up Requirements:

and flags for visibility

Placement by bug using marks on pavement

Wind/Meteorology Restrictions!

None identified

Effects on Engine Performance or
Airframe:

‘None identified

Current Use:

Primarily fof DC8 aircraft, approximately once per weék

Acoustical Performance:

- Not available .
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ID No.

Oskar Gerber Schall - und
Schwingungstechnik GmbH, Mlinchen

Type of Suppressor/Barrier:

Fixed muffiers (four engines) with
side noise screens

-—

Swissair B747 Suppressor/Zlrich 71-3
‘Source~of Data: “IDate Prepared:- ' Lbcation/AT}port:
Dunn Report Dunn Rpt - May 1974 ZUrich - Kloten
Oskar Gerber Discussion - 28-29 Dec

Swissair 1978

; Owner/Operator: Date of Installation:
Swissair 1971

Vendor/Designer: 3 ~Tsite Requirements:

Approximately 2,000 m?
Heated pavement is used

[Aircraft and Engine Types/Users:

B 747

Construction Cost:

SF 1,330,000

(steel work only)

Safoty Requirements:

Standard ear protection
Standard fire equipment
Standard wheel chocks
Heated pavement

Maintenance Requirements/Cost:
Minimal

'Set-Up Requirements:

and flags for visibility

Placement by bug using marks on pavement |

wind Metedrolbéy Restrictions:
1. Only one runup cancelled since
construction due to weather

2. Wind speed/direction monitor allows
throttles to be retarded during
wind conditions which could cause

compressor stall ;

Current Use:
Approximately one runup per week

| Acoustical Performance:

Effects on Engine Performance Or
Airframe:

None identified (extensive wind tunnel
testing for proper design)

- — -

Maximum reduction of 19 dBA (at 100m and 135°)

bl " ¢
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FED No

Swissair DC 10 Suppressor/Zlrich o
Source of Data: : i . |Date Prepared: ~ ] Location/Alrport: §
Dunn.Report - ' Dunn Rpt - May 1974 Zlirich - Kloten
Swissair : : Discussion - Dec. 1978
Oskar Gerber - : - :
: ner/Operator: Date of Installation: :
Swissair " 1972
9 VendE?]Desiéner: “Tsite Requirements:
Oskar Gerber Schall - und - Approximately 1,600 ml
Schwingungstechnik GmbH, Minchen. Heated pavement is used
® : : : :
,,,,, L N e el
Type of Qupprebsor/Barrler : T 7 7lAircraft and Engine Types/Uscrs: R
Fixed mufflers (three engines) w1th D€ 10/GE CF6-50A 3
side noise screens gra .

Construction Cost: 5 Maintenance Requirements/Cost:

SF 1,700,000  (1972) Minimal

(silencer tubes and walls only)

Safety Requirements: ; R Set-Up Requirements:

Standard ear protection Placement by bug using marks on pavement
Standard fire equipment - and flags for v1s1b111ty

Standard wheel chocks
Heated pavement

Wind/Meteorology Restrictions: Effects on anlne Perfbrmange or
. : ; Airframe:
None reported : - | No harmful effects reported

Current Use:

Approximately one runub per week

—

Acoustical Performance

Maximum level of 47 dBA for wing engine (at 2400m and 135°)
Maximum level of 49 dBA for tail engine (at 2400m and 135°)




! % ID No.
“swissair DC 9 Suppressor/Zlrich 21-5
SQurceAéf_DétA:"‘ ~IDate Prepared: Locatioﬁ?hirporg;
Dunn Report Dunn Rpt - May 1974 Zlrich - Kloten
Swissair Discussion - Dec 1978
[Gwner/Operator : ~|Date of Installation: |
Swissair _ 1967
Vendor/Designer: Y “TSite Requirements:

bTypé—af_Suppiéssor/ﬁarriéf?-

(presently fixed)

Cullum Detuners Ltd., Derbyshire

Taircraft and Engine Types/Users:

Designed as mobile suppressor (muffler)

Approximately 150 m?

oC 9

Construction Cost:

(Not available)

Maintenance Requirements/Cost:

Minimal

" safety Requiremcnts:

Normal equipment

None

Wind/Meteorology Restrictions:

e e ———

Set-Up Requircments:

Originally suppressors moved to aifcraft;
Presently aircraft placed by bug

Effects on Engine Performance or
Airframe: 2

None, except problems with proximity
- to nacelle

Cprrent uUse:

Rarely used

Acoustical Performance:

Not available

1',':.
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