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An open geometry high-lift configuration based on 

the high-speed CRM. Developed by Boeing® in 

2015 using modern design practices

High-Lift Common Research Model (CRM-HL)

• NASA Langley Research Center 14- by 22-Foot Subsonic Tunnel (14x22) testing with 

aerodynamic and acoustic data collection

– Continued processing of the experimental data from 2020/2021

– Unsteady numerical simulations being used to help understand some of the results
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Shape Memory Alloy (SMA) Slat-Gap Filler (SGF)
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P1920 Baseline

P2676 SGF

P2891 SGF, Smooth Tips

P2767 SGF, Smooth Inboard Tips

CRM-QHL
Slat Spectra
from DAMAS
Beamform Maps

Part-Span Slat
Mach 0.16
AoA 8.5

1.3

Smooth (conformal) Tips

Standard Tips

SMA SGF

Part-Span Slat

With Nacelle/Pylon

The SMA allows the gap to be opened rapidly should an 

anomalous high AoA condition occur

Array at 90°
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Slat-Gap Filler (SGF) Directivity

Model-Scale Frequency [kHz]
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P1951 120

P1952 110

P1954 90

P1956 70

P1958 56

P2801 120

P2803 110

P2805 90

P2806 70

P2808 56

CRM-QHL
Slat Spectra
from DAMAS
Beamform Maps

Full-Span Slat
Mach 0.16
AoA 8.5

1.3

}with SGF

• Noise reduction achieved for all 

directivity angles measured

– Near noise floor with the SGF

– Likely some contamination at 56°
(from inlet) and 120° (from collector 

and thick shear layer)

Part-Span Slat With Nacelle/Pylon

56°
90°

120°
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MLG + SGF Spectra from the Whole Wing (PSS Directivity)

Part-Span Slat with Nacelle and Main Landing Gear

Model-Scale Frequency [kHz]
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P2116 120

P2117 110

P2119 90

P2120 70

P2121 56

P2621 120

P2622 110

P2623 90

P2625 70

P2626 56

CRM-QHL
Wing Spectra
from DAMAS
Beamform Maps

Part-Span Slat
MLG Installed
Mach 0.16
AoA 8.5

1.3

}with SGF

• Noise reduction achieved for all directivity 

angles measured

– Similar reduction for all angles except for 

extreme upstream (56°) and high 

frequencies, which are dominated by 

gear noise
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Model-Scale Frequency [kHz]

1
/1

2
O

c
ta

v
e

S
P

L
[d

B
]

5 10 15 20 25 30 35 40
40

45

50

55

60

65

70

P1920 Baseline

P2019 Baseline

P4378 SCF/SGF

P4405 SCF/SGF

CRM-QHL
Slat Spectra
from DAMAS
Beamform Maps

Mach 0.16
AoA 8.5

1.3

Slat-Cove Filler Spectra from Experiment (Mach 0.16)

SCF on Outboard Slat, SGF Inboard

4 kHz

4 kHz

8 kHz

8 kHz

Baseline

SCF/SGF

Most Noise Reduction Attributable to the SGF on Inboard Slat

Array at 90°
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Slat-Cove Filler Spectra from Simulations (Mach 0.2)

Model-Scale Frequency [kHz]
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No Nacelle

No Nacelle, SCF

PowerFLOW


CRM Outboard
Slat Spectra
from CLEAN
Beamform Maps

Full-Span Slat
Mach 0.2
AoA 8.0

1.3

Main SCF

Auxiliary

PowerFLOW® unsteady simulation + Ffowcs-Williams Hawkings
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Beamform Maps from Simulations

3 kHz 5 kHz 13.2 kHz

Baseline without Nacelle/Pylon

Slat-Cove Filler without Nacelle/Pylon

1/12th Octave SPL

The levels are the same 

for each column
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Fluctuating Surface Pressure Contours

Baseline without Nacelle/Pylon Slat-Cove Filler without Nacelle/Pylon

Unsteady numerical simulation results with PowerFLOW®

Mach 0.2, AoA = 8 deg

p’rms [Pa] p’rms [Pa]
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Effect of Brackets on Spectra

Model-Scale Frequency [kHz]
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P3914 Baseline

P3853 Baseline, 12 Brackets

CRM-QHL
Slat Spectra
from DAMAS
Beamform Maps

Full-Span Slat
Mach 0.16
AoA 8.5

1.3

Model-Scale Frequency [kHz]
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Baseline

12 Brackets (w/o 7,8,9)

No Brackets

PowerFLOW


CRM Slat Spectra
from CLEAN
Beamform Maps

Full-Span Slat
Mach 0.2
AoA 8.0

1.3

Experiment at Mach 0.16 Simulation at Mach 0.2

Outboard tip source

moving in/out of slat region
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Beamform Maps from Simulations

4 kHz 13.2 kHz 31 kHz

Baseline without Backets 7, 8, 9

No Brackets

1/12th Octave SPL

The levels are the same 

for each column
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Fluctuating Surface Pressure Contours

Without brackets 7, 8, 9 Without all brackets

Unsteady numerical simulation results with PowerFLOW®

Mach 0.2, AoA = 8 deg

p’rms [Pa] p’rms [Pa]



13

Ffowcs-Williams Hawkings (FWH) Effects

Experiment 

at 

Mach 0.16

Simulation + Solid Surface FWH

at Mach 0.2

• Noise source around pylon very intense in 

simulations and experiment

– Source should be shielded by the nacelle, but 

solid surface FWH made the nacelle transparent

• Permeable surface FWH has been shown to give 

more accurate predictions, but computational 

requirements are often prohibitive

– Instead, simulations with the full-span slat or 

without the nacelle were used to evaluate the 

noise with the solid surface FWH

• When are solid surface FWH predictions 

unreliable? Why are they inaccurate?

1/12th Octave SPL
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Ffowcs-Williams Hawkings Scattering Test Setup

Viscous box

Thin, inviscid plate

Inner permeable FWH

surface with four end caps.

Surrounds box but not plate.

Outer permeable FWH

surface with four end caps.

Surrounds box and plate.

Observer locations: Green – below plate,

Pink – above box, Red – upstream, 

Yellow and Cyan – to the sides of the plate

Observer inside red (outer)

FWH surface

Observer outside red (outer)

FWH surface

Mach 0.2

PowerFLOW® fluid and 

FWH solvers used
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Solid Geometry

L

Viscous Box

L = 0.2 m

W = 0.04 m

H = 0.03 m

ReL = 100,000

Leading edge at 0.15 m

Inviscid Plate

W = 0.5 m

L = 0.8 m

Leading edge at 0 m

H

Instantaneous Mach Number Contours

Mach 0.2
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Grids

Plate
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Grid Refinement Regions

Rectangular refinement regions

Refinement region based on lambda2

Four Grid Levels

Voxels     FE Voxels  Timesteps  15 PPW Freq

L1   136M         9.8M 4.4M         5.4 kHz

L2   450M          31M 6.6M         8.0 kHz

L3   1.5B          100M 10M       12.0 kHz

L4   4.3B          289M 7.5M       18.1 kHz

FE = fine equivalent
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Instantaneous Pressure Contours

Plate



19

Spectra Above the Box
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• CFD obtained by directly 

sampling the simulation

• All other results use the FWH 

with the surface specified

• Gradual improvement in higher 

frequencies as grid is refined

• Similar results for all FWH 

predictions except plate alone
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Spectra Below the Plate
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• Spectral shapes and trends 

similar for all meshes

• Conclusions about FWH are 

the same regardless of the grid 

level
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Spectra Below the Plate
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• Solid and inner permeable FWH 

results do not account for shielding 

by the plate

• Solid box, solid plate, inner 

permeable all have similar spectra, 

but combinations produce very 

different results

• Phase must be different

• Caused by propagation through 

unsteady, nonuniform flow 

around the box
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CRM Data Dissemination

• Five papers are planned for the 2022 AIAA Aeroacoustics Conference

– Background noise reduction in the 14x22

– Structural design and assessment of noise reduction devices

– Aerodynamic results from the CRM-HL 14x22 test

– Acoustic results from the CRM-HL 14x22 test

– Comparisons between simulations and the 14x22 CRM-HL test

• Aerodynamic and acoustic data from the baseline model will be used in future Benchmark 

problems for Airframe Noise Configurations (BANC) workshops
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CRM Points of Contact and Contributors
• Team Lead/Simulations

– David Lockard, d.p.lockard@nasa.gov

• Structural Design and Analysis

– Travis Turner, t.l.turner@nasa.gov

– Albert Allen, albert.r.allen@nasa.gov

– John Mulvaney, john.w.mulvaney@nasa.gov

• Acoustic Array

– Chris Bahr, chris.bahr@nasa.gov

– William Humphreys, william.m.humphreys@nasa.gov

• Data Acquisition Systems

– Lawrence Becker, l.e.becker@larc.nasa.gov

– Dan Stead, d.j.stead@nasa.gov

– Keith Paschal, keith.b.paschal@nasa.gov

– Patricio Ravetta (AVEC, Inc)

• Acoustic Treatment, Foam

– Stephanie Heath, stephanie.l.heath@nasa.gov

– Florence Hutcheson, florence.v.hutcheson@nasa.gov

• Signal Processing

– Craig Streett

• Acoustic Data Quality Analysis

– Matt O’Connell, Michelle Rodio

• Acoustic Technicians

– Jaye Moen, Scott Bartram

• 14x22 Test Engineers

– Abigail Cayton, Brandon Caudill, Jim Byrd

• 14x22 Technicians

– Kyle Deaver, Marvin Le Gendre, Josh Beasley,

Joe Miller, Sean Griffith, Leon Adams

Stuart Bennett, Ronnie Hunter

• 14x22 Data Analysis

– Charlotte Teague, Joe Peterson

• Model Shop

– Steve Geissinger, …

• Metals Shop

– John Lowe, Aaron Wright, Johnnie West, …
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