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Motivation

 Supersonic aircraft are coming:
Shaped, low-boom Conventional, N-wave

NASA/Lockheed Boom

« FAA needs technical work done to comple
activities

 Contribute to CAEP Working Group 1 (Noise Technical)
regarding en-route supersonics and sonic boom certification

procedures

oy,

ment in-house



Objectives <A\~
« Help develop a certification standard for the o
en-route, supersonic portion of flight

- Continuing
- Approach is to continue supporting CAEP WG1 (Noise Technical)
« Understand and predict secondary sonic boom

- New to Project 41
- Approach is to explore existing NASA/FAA capabilities
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FIGURE 1. SCHEMATIC OF REFRACTIVE SONIC ROOM PROPAGATION . .
o [Rickley & Pierce, 1980]
Source: BA 171, June 20, 1979, Ray Vector Azimuth Angle 278 Degrees
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Schedule and Status -

Milestone Planned Date | Revised Date* NSCENT
New project period begins 1 August 2018 1 April 2019

First technical report (advisory 15 Sept. 2018 Completed

committee slides) will be submitted

Submission of journal article on 1 November 2018 1 July 2019

averaging and cross-correlation

approaches for deturbing

Aviation Noise Impacts White Paper 1 November 2018 Completed

available for CAEP meeting

Initial tool available for predicting 1 February 2019 Very close to

secondary sonic boom (matching completion

Rickley and Pierce results)

CAEP Meeting, Montreal, Canada 1 February 2019 Completed

Advisory committee slides are due 1 April 2019 Completed

Presentation by graduate research May 2019 Completed

assistant at ASA meeting .
(Louisville, KY) = 8 mo.
Prediction methodology/codes 15 July 2019 15 March 2020 de|ay of
available for secondary sonic boom funds
Special report available to FAA on 15 July 2019 15 March 2020

predicting secondary sonic booms

(including predictions for Boom

Supersonic envisioned aircraft) 4




A

Certification Efforts: Wind effects ASCENT

 In Spring and Summer 2019 Penn State began looking at
“standard atmosphere” with pure headwinds and

tailwinds
— Long way to go, but will give you a glimpse of ongoing efforts

« Look at linear mean wind gradients, zero wind at ground:
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Linear gradients; 2 versions of PCBoom
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Effects of headwinds/tailwinds 7A7

 Preliminary results show
— Both headwinds and tailwinds can affect received sonic boom
levels on the ground plus or minus 0.7 dB for popular metrics
— Results here are consistent with those in "Boom Book” of
Maglieri, et al., (pp. 25-26), but they only look at overpressure
— These simplistic wind results strengthen case that atmospheric
state is a key for putting bounds on conditions for boom

certification testing

- Caveats: More work to do!!
— Need to look at wider selection of winds including non-linear
profiles, cross-winds, higher gust values, off-track, etc.
— Need to compare with other published results.



Why interest in secondary booms? TAT
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Fig. 2. Map showing the inbound and outbound flight paths of the Concorde supersonic trans-
port. Elevation and speed are marked on the tracks. Points A, B, and C are average source
locations for the first three signals received at Palisades. Although both inbound and outbound
signals are recorded at Durham, instrumentation for directional determinations has not been
completed at this site. The inset shows a schematic ray tracing indicating ray paths through the
stratosphere (about 40 to 50 km) and the thermosphere (100 to 130 km).

[Balachandran, et al., 1978]



Compare primary to secondary
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Figure 3. Comparison of Concorde primary and secondary sonic boom signatures and

spectra. One pound per square foot (psf) equals 47.88 pascals. Adapted from Holbeche
(1972) and Rickley and Pierce (1980).

[Rogers & Maglieri, 2015]



Penn State has been working with TA7
secondary boom capabilities in PCBoom #/F=5NI

 April 2019 calculations in PCBoom and plotted in Matlab
for Concorde flight conditions:

——Sonic boom ray
——Reaches ground
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Locations secondary booms can be heard TA7
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2019 Penn State results, using PCBoom 6.7b: 'A'

ASCENT

400 . | |
—v—Aircraft trajectory
300 F =" Upward ray bounce |
" - Downward ray bounce
D ——FAA, carpet edge
e G - FAA, type | focus line |-
fff’ |z —-FAA, type |l focus
100 B | g, i -

O ] C T -
-100 | ,,.,.':.::::._‘.:i'~ -
200 L——4 : . .

-600 -400 -200 0 200

Longitude (km)



Summary ?A?

« Contributions to CAEP WG1 efforts continuing

— Learning things along the way to help with future certification

 Preliminary results show matches in secondary boom
locations between FAA 1980 report and 2019 efforts

«  Will continue to push forward on
— Low-boom certification efforts

— N-wave (and low-boom) secondary sonic boom predictions using
PCBoom software

Very thankful
to FAA and our industrial partners!
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