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Low Boom History

FAR 91.817 (1960’s) --
“No person may
operate a civil aircraft .
..ata ... flight Mach

number greater than 1.

.. unless - {App.B} ...
the flight will not cause
a measurable sonic
boom overpressure to
reach the surface...”

Quiet Supersonic
Platform 2001-2003

» Supersonic Tech Survey
* 0.3 psf Shock Goal

F-5E Shaped Sonic
Boom Demonstration -

« Modified F-5E nose to
Shape Front Shock

» 0.8 psf Shock Persisted
in All 1300 Measurements
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Quiet Supersonic
Transport - 2001-2005

: " .
* Feasible Low Boom

Transportation
* 0.5 psf (24 Pa) Shocks

D-SEND#1 - 2011
D-SEND#2 - 2015

|

JAXA D-SEND#2 Vehicle

. Dropped Shaped Axi-Bodies
and Unpowered Configuration

from ~100,000 ft Producing
0.5 psf Shocks
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http://en.wikipedia.org/wiki/File:Northrop_F-5E_(modified)_DARPA_sonic_tests_04.07R.jpg
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Why Now for the QueSST X-Pla
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Experiment
Comparison of Pre-test CFD and Wind Tunnel Measurements @ C, = 0.142
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e Pre-test CFD

0:02
e easured Data
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Work Done on N+2 Supersonic Validations Program Showed that
Modern Design Tools are Adequate for Shaped Boom Design
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QueSST Program Objectives

A

A1

* Develop, build, and flight test a clean-sheet X-plane that can be
used to support future regulatory change efforts

* Feasibility and soundness of requirements established on now-
completed Low Boom Concept Formulation & Refinement Studies

Requirement Name Requirement C606

MR-1 |Boom Traceability |Scaled dP & PLdB f
<75 PLdB, 74 PLdB, |
MR-2 ([Shaped Signature max energy < 10 Hz ﬁ
MR-3 |Boom Variability 70-80 PLdB 70-80 PLAB 4]
<76 PLdB mean, 74.5 PLdB,
MR-4 |Cruise Deviations <1.4 PLRMS
MR-5 [Mach Number >1.4 for low boom  |1:42 @
MR-6 |Pass Length 2x50 nm f
MR-7 |Flight Rate 3 flights in 9 hours f
MR-8 |Day/Night Ops. Equipped f
Day/night VFR, f
MR-9 |Flight Ops. ILS, transit IMC il
climb/accelerate 3,000 FPM at [«
MR-11 | Climb Rate cooncurrently top of climb g
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QueSST Program Schedule —F

Concept Studies Implementation Community Tests
FY16 Fy17 Fy18 FY19 FY20 Fy21 Fy2z2
Sonic Boom Noise Standard CAEP 10 Metric CAEP 11 Metric CAEP 12 Prelim Sonic
Selection Validation Boom Standard
FAA-ICAQO M
_ﬁ\ 71X lﬁ_
Aircraft Preliminary Design ’ ’ .
ASRR PRE- PDR
PDR
TIM
X-Plane Design, Build, Validate RFP ¥ - - o
Award CDR First Envelope

Flight Expansion

CST Project

Low Boom Acoustic Validation & ‘_‘ ‘

N Signature & Community  Community
Moise Validation Response

QueSST Program Schedule is Responsive to the Timeline
Necessary to Support Generation of Community Response Data
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i
QueSST Configuration C606 Overview ~7

MTOW 22,500 Ib
Empty Weight 14,000 Ib
Maximum Fuel 7,100 Ib
Payload 500 Ib
Sief 486 sq ft
WIS 46 Ib/ft2
T/IW 0.60
Engine 1xGE F404
Design Mach 1.42
Loudness <75 PLdB
13ft 10 in

94 ft2in

Y

€«—— 29ft6in —>

A

|<— 19 ft 11 in —>| 10 deg
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i
QueSST Design Features 1

Single GFE F404 engine w/ stock nozzle Miniature T -tail
reduces cost and integration complexity /attenuates aft
~ shock impact to
. . " signature
Large, unitized skins reduce part
count and manufacturing cost
- Conventional tail

Re-use of T-38 canopy &
crew escape to minimize
gualification costs

arrangement reduces

/‘ low-speed S&C
/’ complications

Fixed canard provides
necessary nose -up trim at ————=
low boom design point P
Extended, equivalent area -
matching nose shapes
forward shock

XVS/EFVS systems provide Wing shielding eliminates inlet
forward visibility spillage contamination to signature
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A
QueSST Shaped Boom Performance

N
C606 trimmed at Wt=18,800 Ib

M1.42 Alt=54,000 ft AOA=1.70 deg CGLOC=844 in PC=122 Tail Incidence=2.60 deg
0.5

85 —0 deg
0.4 A ——10 deg
—_ o ——20deg
™ %" 0.3
5 80 é 02 —30 deg
: o : ——40deg
— = 0.1 44 deg
a 75 PL Requirement a
0 75 4 @ 0 :
T ———— — :%‘0-1 900 50 11
>
3 : 70 6-0.2
-0.3
-20 -15 -10 -5 0 5 10 15 20
Distance off track (nm) 04 Time (ms)

C606 Meets Sonic Boom Requirements
Over The Entire Carpet with Margin

© 2016 Lockheed Martin Corporation. All Rights Reserved.



__'QueSST Signature Traceability ﬁ;
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N+2 sound energy level (SEL)
well matched at all frequencies
SEL can be scaled-up at all
frequencies and/or at high
frequencies to match a range of
possible products

—N+2, 200.0 KIb TOW
—C606, 22.5 KIb TOW

850 1150

1200

Time (msec)

QueSST Sound Energy Variations Provide Excellent Traceability
for a Range of Future Commercial Products

Chart #10
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Summary —F

 Work on the LBFD Concept Formulation and Refinement Studies
established requirements and resulted in a closed airplane
configuration capable of generating extremely quiet boom levels

* Current work on PDR effort will further mature the X-plane
design and lay the foundation for an eventual quiet commercial
supersonic aircraft

© 2016 Lockheed Martin Corporation. All Rights Reserved.





