8. INTRODUCTORY REMARKS ON NACELLE ACOUSTIC
TREATMENT APPLICATION

By Harry T. Norton, Jr.
NASA Langley Research Center

These introductory remarks are related to the objective and history of the National
Aeronautics and Space Administration Treated-Nacelle Program and the procedure that
was used in predicting flyover noise from ground run-up data.

The objective of the program is to identify turbofan-nacelle modifications capable
of reducing landing noise with the following constraints: no adverse effect on take-off or
climbout noise, no compromise with flight safety, no additional flight-crew workload, and
retention of an economically viable airplane.

Figure lindicates the sources of the noise radiated from a turbofan engine. Fan
noise is emitted from the inlet and the fan discharge ducts, and jet noise is emitted from
the fan discharge ducts and the primary nozzle. The effort of this program is limited to
reducing the fan noise radiated from the discharge ducts and inlet.

Figure 2 shows the relative strength of the noise from each of the sources as a func-
tion of thrust and indicates one reason the program was directed toward reducing the fan
noise. The perceived noise level (PNL) under the flight path of a four-engine transport
is presented as a function of the thrust of one engine. It can be seen that at the higher
thrusts, associated with take-off operations, the fan noise from the fan discharge duct is
the controlling factor and would have to be reduced if any reduction in take-off noise is to
be obtained. At the thrusts associated with landing approach, the fan noise is considera-
bly above the jet noise. Reduction of the fan noise from the discharge ducts by about
15 PNdB and reduction of the noise from the inlet by about 12 PNdB will be required to
reduce the total noise to the jet-noise floor. Because most complaints occur in this
landing phase of operation, the greatest benefits can be obtained by attenuating the fan
noise in the approach region.

The type of noise spectrum under consideration is illustrated in figure 3, which is a
plot of sound pressure level (SPL) in dB as a function of frequency in hertz (cycles per
second). This is atypical spectrum of a turbofan engine during landing approach. The
spectrum is divided into two regions: (1) the lower frequencies associated with the jet
noise and (2) the higher frequencies attributed to the fan noise. The characteristic high-
pitched whine associated with the turbofan engine at landing power settings is indicated by
the spikes. The fundamental occurs at the fan-blade passage frequency of about 2500 Hz,
and the other spikes are harmonics of the blade passage frequency. Suppression of these
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high-frequency spikes could reduce the overall noise level as well as alleviate the unde-
sirable fan whine. On the basis of this possibility of noise reduction during landing, the
NASA Treated-Nacelle Program was initiated.

In May 1967, contracts to accomplish the objective of the NASA Treated-Nacelle
Program were made with McDonnell Douglas Corporation and The Boeing Company. In
signing the contracts to accomplish the objective of the program, both companies agreed
to make available to the NASA the results of all previous work pertaining to aircraft
noise alleviation. Reports of these results have since been transmitted to the NASA.

The approach and goals of the two companies are different. The McDonnell Douglas
Corporation approach is to investigate acoustically treated short discharge ducts and
acoustically treated inlets, with the goal of a 7- to 10-PNdB reduction. The initial
approach of The Boeing Company was to investigate acoustically treated long discharge
ducts and sonic or near-sonic inlets, with a 15-PNdB-reductiongoal. The reason for
the different goals is that at the outset of the program, it was believed that a 7- to
10-PNdB reduction was the maximum that could be obtained by treating the inlet; how-
ever, the NASA wanted to evaluate the effects of obtaining a reduction of 15 PNdB.
Therefore, McDonnell Douglas was directed to investigate treated inlets, and Boeing
was directed to investigate sonic or near-sonic inlets.

Both companies followed certain procedures. They conducted initial studies of
materials, duct-lining concepts, and inlet and duct design concepts. The contractor
work on materials and duct-lining concepts has been discussed in references 1and 2.
Both companies used model tests to evaluate inlet and fan-discharge-duct design con-
cepts. Onthe basis d results from the initial studies, configurations for full-scale
ground run-up tests were selected. The full-scale boilerplate nacelles were tested
with a Pratt & Whitney JT3D turbofan engine. From the results of these ground run-up
tests, configurations for flight testing were to be selected. The economic impact of the
nacelle modification was to be considered throughout the program.

Figure 4 presents the scheduled occurrence of events. The dashed line indicates
the present date. The companies would be about halfway through the original program,
which contemplated flight tests in the latter part of 1969. However, as the results of
the McDonnell Douglas ground run-up tests of treated inlets became available in the
early part of 1968, it was apparent that McDonnell Douglas could meet its goal of a 7- to
10-PNdB reduction with what is called a single-ring treated inlet in combination with its
treated short fan discharge ducts. That is, as a result of the initial studies by both com-
panies, more efficient duct-lining concepts were developed which provided larger attenua-
tion than was thought possible at the start of the program. The results of the McDonnell
Douglas tests also indicated that inlet noise suppression on the order of 12 PNdB could be
obtained with an acoustically treated inlet.
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These results and the results of The Boeing Company ground run-up tests of its
treated long fan discharge ducts indicated that Boeing could potentially accomplish the
goal of a 15-PNdB reduction with a treated inlet, in combination with its treated long fan
discharge ducts, and thereby avoid the complications of the sonic or near-sonic inlet. On
the basis of these results and with the concurrence of the contractor in May 1968, Boeing
was redirected to flight test a treated inlet and fan discharge duct instead of the sonic
inlet. Boeing was also to continue work on the sonic inlet through ground run-up tests.
At the same time The Boeing Company effort was redirected, the NASA asked the con-
tractors to accelerate their program so that the flight data could be available on a more
timely basis. As a result, the flight tests are scheduled for completion 4 months earlier
than originally planned, as indicated by the arrows on the flight-test bars in figure 4.

Figure 5 is a schematic drawing of the flight-test nacelles to be tested by Boeing
and McDonnell Douglas. The McDonnell Douglas configuration (top sketch) consists of a
single-ring treated inlet and short fan discharge ducts, and the Boeing configuration (bot-
tom sketch) consists of atreated two-ring inlet and treated long fan discharge ducts. The
major effort of both companies at this time is manufacturing the nacelles for flight tests.
The McDonnell Douglas flight tests are scheduled for completion in March 1969, and the
Boeing flight tests, in June 1969.

Figure 6 defines the points at which both contractors will present their predicted
flyover noise. An approach reference point 1nautical mile from the 50-foot obstacle
under a 39 glide slope has been selected. For take-off, the reference point under the
flight path has been selected as 3.5 nautical miles from brake release.

The overall procedure followed by each contractor to predict flyover noise with the
use of ground run-up data is outlined in figure 7. The ground run-up data were taken at
predetermined engine power settings with microphones located around the engine at a con-
stant radial distance. A run consists of obtaining data at each of the power settings, and
a minimum of three runs were made with each configuration. The data, taken at corre-
sponding power settings, were averaged and corrected to standard-day conditions. These
averaged data were then projected along each radius to intersect lines parallel to the
engine center line, simulating various altitudes or distances from the engine. This pro-
jection takes into account attenuation due to spherical spreading and atmospheric correc-
tions. The next step is to obtain the sound pressure level as a function of time, with cor-
rections applied to the lower frequencies for relative jet velocity and to the higher fre-
quencies for fan-tip Mach number. Finally, the variation of perceived noise level with
time is calculated by using the accepted procedures outlined in reference 3.

In conclusion, it should be pointed out that references 4 to 11are, in essence, status
reports of aresearch and development effortand are presented to show what has been
done to date. It should be stressed that the results of the program, presented in terms of
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predicted flyover noise and direct operating costs, are based on ground run-up data and
that the determination of any final conclusions will have to be reserved until after the
flight tests. In addition, the economic viability of the configurations will have to be deter-
mined by each airline for its system.
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NACELLE TREATMENT CONFIGURATIONS
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