Added drag on acoustic liners in presence ot grazing turbulent flow and
acoustic waves

-

i % Politecnico
¥ di Torino

iii:j_’:;:;;;;iw
BT Department of

. . . . ° 4 = ’ .
Department of Mechanical and Aerospace Engineering, Politecnico di Torino gde  Jechanical anc
=N\ _\ e Aerospace Engineering

A. Paduano, F. Avallone, F. Scarano

4 )
(a) Acoustic liner (b)  Single degree of freedom . . : . . r | SmOOth wall
acoustic liner Reduce aircraft engines’ noise i Enemascsnn (e ot pen e s Il 1
E] but what is the aerodynamic penalty? Wl e sl oe o o T
e 0.0 0.2 0.4 0.6 0.8 1.0
Flow © 000 o0 o c . . . . X/L
— AR * Acoustic liners modify near wall flow behaviour :
i © < ° L Lined wall
4 — 1 . ‘!5!(({"@'!&»“ FY :'liﬁfr W"‘«“ «4’“)5%;:3' G D e " 2
Acoustic liner * Lack of knowledge on the effect of acoustic o B e e B b T e otrerv G [0
0.0 0.2 0.4 0.6 0.8 1.0
(a) Turbofan engine scheme with detail on location of acoustic liners, (b) Sketch of a single degree of forcin g x/L
. Jreedom acoustic liner . Instantaneous wall-normal velocity components at y/h = 0.003 )
p
\
Very Large Eddy Simulation Liner geometries Drag calculation
—— Sponge regions < 3 Sharp edges Chamfer edges
Liner : a i - R -
Liner
i U i
x=0 X = L
Bulk quantities:
P = f f pdzdy
yJz
inlet U f f Udzd
= Z
. o Sketch of the channel with a lined wall Detailed view of a cavity with different edges shape b yJz Y
Characterize the added drag on acoustic liners
. ‘ . Test Matrix: Skin friction evaluation:
in the presence of high SPL acoustic waves AP
Mach = 0.3 SPL =130, 145 dB [Imm]  dlmm] D[mml 7[mm] 7, [mml] ny=—h— =¥
by means of numerical simulations " dx 1 .2
. 4 Jl Rec~4000 f=800,1400,2000 11z 294 100 120 064 010 2°Us
RIS
Boundary layer displacement thickness growth over the liner Mean velocity profiles at the end of the liner
Chamter geometry Sharp geometry
148 T ! T 30"1 ' L B B A L L ' L B B B L ' T 30... . —T— T . ——TT T . —
s Sharp flow only s Chamfered flow only |
| a4 Sharp SPL = 145dB, f = 1400 H e  Chamfered SPL = 145dB, 1400 Hz | 25l AU+ - 75l AUT
[
ﬁo * ~ B0 20+ o g - I .
§1 1 o ®0ggggeee © M..m..m..mtAg SA) ..0'.. 20 ..oo'.
s s g S SR A s+ P faf T
=107 mmmsennne 2 2mmantn 28 TS e A AN & AAAS s AN s A 20 = gaiee ~ W h e
*% ' ¢ Toassaee g A DA DA DANNNNNAA . . g . o
S SR & avovovon B 0000 10} 1 10}
2 e Smooth ¢ e Smooth
0.94 P 2
K 4+ Flow only | A o Flow only
5 = 130 dB, 1400 Hz of = 130 dB, 1400 Hz _
0.8() - - | * 145dB, 1400 Hz e 145 dB, 1400 Hz
70.00 0.25 0.50 0.75 1.00 00T 107 105 O T v S T S
+
x/L y yr
SKin triction coefticient in the Eftect of SPL Eftect of frequency AU" as a function of the inverse of the Forchheimer
absence of acoustic forcing @1400 Hz @145 dB coefticient
0.008 . e —
<i> -~~~ Friction law k = 0.370, C = 4.20 A Sharp 000 o gLOW ‘;ﬂly . o gﬁazhaf? ot 81-12022 O ziazh? et 81-12022
- amiere 6 - A arp 1iow only - - A arp riow onlty _
\(\& © Schul.tz & Flack (2013) 4 Chamiered ® Sharp ® P ® Sharp 145dB, 1400 Hz X Sharp 145 dB, 800 Hz
0.006; N A Baseline 50.0 ® py 5. m Sharp 130 dB, 1400 Hz | | e Sharp145dB, 1400 Hz I
O~ A Chamfered flow only v Sharp 145dB, 2000 Hz
06\‘~~ DN ® + 4} o Chamfered 145dB, 1400 Hz i - Ao Chamfered flow only i
6\0.004- OOOE)})‘ _______ 6‘ 0 1 [TTmTTTTTTTmmmmmmmmmmmmmmmmmmmmmee- 1T m Chamfered 130 dB, 1400 Hz X Chamfered 145 dB, 800 Hz
000000‘5666-66_0_ _______________ 4 > 43 | | e Chamfered 145 dB, 1400 Hz i
ooooooooooooqob‘ob" ° ° @ v Chamfered 145 dB, 2000 Hz
B o A s o -
0.002 20.0 o 2 . & % vy o
o 11 o I o |
.............................................................................. o
0-000 0.5 1.0 15 2.0 25 30 200 ‘ T TRT B e e P T
- - - - - & 130 145 08 14 20 10 10 10 10 10210 10 10 10 10
Rey <10 SPL [dB] f [kHz] la}t lay

References

[1] On the impact of the turbulent grazing flow development on the acoustic response of an acoustic liner - A. Paduano, F. Scarano, J. Cordioli, D. Casalino, F. Avallone (2026) - Journal of Fluid Mechianics, vol. 1035, p. A1l
[2] Turbulence and added drag over acoustic liners - Shahzad, H., Hickel, S. & Modesti, D. (2023) - Journal of Fluid Mechanics, vol. 965, p. A10
[3] Acoustic liner drag: Measurements on novel facesheet perforate geometries - Howerton, B. M. & Jones, M. G. (2016) - In 22nd AIAA/CEAS Aeroacoustics Conference, 2016-2979

[4] Reynolds-number scaling of turbulent channel flow - Schultz, M. P. & Flack, K. A. (2013) - Physics of Fluids, vol. 25

[S] Permeability and Turbulence Over Perforated Plates - Shahzad, H., Hickel, S. & Modesti, D. (2022) - Flow Turbulence and Combustion, vol. 109

Acknowledgements

The work of A.P., E.S. and F.A. is co-funded by the European Union (ERC, LINING, 101075903). Views and opinions expressed are, however, those of the author(s) only and do not necessarily reflect those of the European
Union or the European Research Council. Neither the European Union nor the granting authority can be held responsible for them.

30 July 2026 14" International Symposium on Turbulence and Shear Flow Phenomena (TSFP14) - Heidelberg 27-31 July 2026

European Research Council

Established by the European Commission



