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QueSST Mission

« Explore the potential of quiet supersonic flight by
building a low boom flight demonstrator aircraft

» Mission phases:
|.  Aircraft Development
lIl.  Acoustic Validation
lll. Community Testing
» Mission requires fast, robust, and accurate
loudness predictions

QUESST

https://www.nasa.gov/mission/quesst/




Advancements on Loudness Prediction Methods
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Two Step Loudness Prediction
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Three Step Loudness Prediction
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Three Step Simulation Procedure
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LAVA Curvilinear Validated against Wind Tunnel Test

SIG RUN1 RUN2 Ref.RUN HUM (ppm) HUM_REF (ppm)
100 5791 5828 5881 1025.00 1357.00
Flap = -2.40°, Ailerons = 1.10°, Stabilizer = 3.42°, T-Tail =3.70°
Mach = 1.40, H/L = 1.20, o = 2.10°, ¢ =0.00°
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Representative X-59 Case

Flight Conditions

Mach: 1.4 LAVA Curvilinear Solver
Altitude: 53,000 ft Steady RANS with SA turbulence model
Pref: 10520 Pa Body conforming structured overset grids

Angle of attack: 2.04 degrees
Length: 27.432 m

Space Marching
Steady Euler equations
HWCNS4-WENO3 for space dimensions
BDF2 for streamwise (marching) direction

Prediction Off-body Off-body

Method Radial DoF
Extent

Two Step CFD Only 3.1L 545 M 412 M --
Three Step CFD + SM 0.6L 273 M 131 M 411 M
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Pressure disturbance in the near-field




On-track (¢=0) pressure signature
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Loudness Predictions from sBOOM
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Database capabilities driven by scripting
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Computational Cost

CPU-hours ____ 2step | 3step

Grid Generation 0.5 0.16
Near-Field Solution 690 400
Space Marching -- 0.28
sBOOM Propagation 0.1 0.1
Total 690.6 400.54

3 step procedure achieves 250% cost
reduction with no loss in accuracy
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Anisotropic Mach Cone Aligned Mesh Redistribution
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Adaptation Equations

« (Governing adaptation equation

w; AS@ =C

"~ Discrete equidistribution principle

cell-size

« Adaptation weights control the location of local refinement
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adaptation indicator

« Clustering constant limits the maximum and minimum cell-size
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Direction-Based Indicators
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Representative X-59 Case

Flight Conditions
Mach: 1.4
Altitude: 53,000 ft
Pref: 10520 Pa
Angle of attack: 2.04 degrees
Length: 27.432 m

Adaptation Indicator
Quantity: Mach
Direction: Streamwise

Wall-Clock Time

18t Order Flow Solve 1 hr 51 min 58s
Adaptation 2 min 37s
Restart Flow Solve 8 hr L

Indicator 0.05 0.35 0.65 0.95 ;;



Near-field Pressure Signatures
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Loudness Predictions
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Summary

e Space marching for mid-field computation: >50% cost
reduction with no loss in accuracy

« Database scripting and grid generation improvements enable
rapid loudness predictions for large sets of cases

« Mesh redistribution increases robustness enabling a wider
range of flight conditions
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Space marching domain reduction
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Two Step Loudness Prediction Procedure
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Two Step Loudness Prediction Procedure
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Adaptation Verification

 Diamond airfoil reference conditions
« Mach number: 2.0

* Freestream pressure: 101,325 Pa
* Freestream temperature: 288.2 K

* Mesh details
* 8 near-body blocks
« Mach cone aligned off-body grid
with uniform streamwise spacing
110,866 solution nodes

/

Line probe extraction location

Ap/p. 02 0 0.2
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Adaptation Results
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Motivation
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Image credit: NASA/QueSST
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