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Abstract
Turbulent boundary layers exist within all flows involving aerospace
flight vehicles and radiate acoustic sound waves that can alter the
vehicle structure and performance. Introducing porosity into the wall
affects the radiated acoustic waves that are generated from the
boundary layer. A semi-empirical mathematical model is developed to
predict and analyze the acoustic radiation from turbulent boundary
layers over porous media. Acoustic predictions are conducted for four
subsonic Mach numbers without a pressure gradient. The turbulent
kinetic energy and meanflow are quantified for the non-porous cases
and validated with experimental data. Finally, the predictions of
acoustic radiation are compared to the non-porous acoustic
predictions in order to evaluate the change in sound pressure level
due to porosity.

• Acoustic predictions of the non-porous turbulent
boundary layer compare well with those of
Gloerfelt2 and are shown in SPL per unit Hz and
frequency.
• Changes in porous SPL (DdB SPL) relative to the
corresponding baseline non-porous turbulent
boundary layer show the affect of porosity on the
noise radiation.

Approach
•
•
•

The porous velocity profile is higher at the wall than the nonporous velocity profile due to the accelerated velocity induced
by the porous media.
Within porous turbulent boundary layers, TKE falls by almost
half of the non-porous TKE for all Mach numbers.
Initial conclusions for the acoustic results vary depending on
the Mach number.
o
As Mach number decreases the change in SPL value
increases.
o
The porous SPL is lower than the non-porous SPL for
M = 0.9, but the porous SPL for the M = 0.7, 0.5, and
0.3 cases are higher than the non-porous solution.
o
In each porous flow, the spectra shift to lower
frequencies. The spectra shifts to lower SPL with
increasing Mach number.

•
•
•

Mean-velocity profile in outer coordinates for M = 0.3, 0.5, 0.7, 0.9. The black line represents
the non-porous wall and the red line represents the 90% porous wall (X = 0.9).

The steady RANS equations closed by the Menter k-w turbulence
model are solved numerically using Star-CCM+ for four subsonic
Mach numbers.
Two cases are studied: non-porous and a porosity of X = 0.9 for a
liner depth of 0.1 m.
Predictions of the spectral density of acoustic pressure are
conducted using the approach of Miller1.
The flow-field used for acoustic calibration corresponds to the
one studied by Gloerfelt2 and is compared with the well-validated
prediction method of Gloerfelt2.

•

Conclusions

Future Work

Variation of residual of field-variables for non-porous M = 0.5.

Future porosities investigated will be determined based on the
experiments of Dukhan3.
We will examine variation of liner depth and its effect on the
turbulent boundary layer.
Once the effect of liner depth is ascertained, we will vary the
turbulent length scale within the liner to quantify its effect on the
aerodynamics and acoustics.
A grid independence study will be presented.
Contour plots of Mach number will also be shown for both the
non-porous and porous cases.

•
•
•
•
•
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Turbulent kinetic energy in outer coordinates for M = 0.3, 0.5, 0.7, 0.9. The black line
represents the non-porous wall and the red line represents the 90% porous wall (X = 0.9).
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Porous and non-porous grids used in steady RANS simulations. The porous grid
shows the porous region of 0.1 m depth.
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• The mean velocity profile in outer coordinates is
compared for the non-porous and porous case for
M = 0.3, 0.5, 0.7, and 0.9.
• It is observed that the porous boundary layer
consists of higher velocities than that of the nonporous boundary layer as a result of high speed flow
inducing larger flow velocities within the porous
media and at the wall.
• The TKE is normalized by the ambient speed of
sound squared on the y-axis and the dimensionless
height, y/H. H is the height of the entire flow field
(H = 1 m).
• At all Mach numbers, the porous steady RANS
solutions TKE decreases by approximately half of
the corresponding non-porous TKE.

Acoustic comparison of Gloerfelt’s2 results to our approach.
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Nomenclature
Comparison of predictions of DdB SPL per unit f of the non-porous
wall and 90% porous wall.

•
•
•

TKE – Turbulent Kinetic Energy
SPL – Sound Pressure Level
M = Mach number

•

X = Porosity

