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Necessity of rapid CAA methods
DLR CAA code Piano

2D CAA
 JFI noise UHBR — HLD

* JFI noise reduction UHBR — HLD: Porous materials

High Fidelity Computations in Piano
* LES of JFI noise

« Complex geometries in Piano

* Conclusions

i DLR




DLR.de ¢ Chart 3 DJINN Midterm Conference 2021

Necessity of rapid CAA methods...

« 2D ,design to noise’ capabilities

. Wi " Computationally
W|d.e range. of flow cc?ndltlons | demanding for SRS

« various noise reduction technologies

In a nutshell....

* RANS based stochastic modelling of noise sources by Fast Random Particle Mesh method
» sources coupled to APEs or LEEs to obtain far-field solutions

CAA for airframe noise

O GEs for CAA: APEs, LEEs, NLDEs etc...
PIANO | © Volume Avergaed LEEs, APEs for porous effects

RANS O sources injected into the RHS of GEs via Eddy Relaxation Term (ERT)
Ewert et al., AIAA, 2014

O DLRTAU code
O steady mean flow FRPM

0 Stochastic modelling of unsteady turbulent sound sources

Ewert, Comp. Fluids, 2008
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Necessity of rapid CAA methods...
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DLR CAA code Piano

4% order accurate in space and time (DRP + RK4)
« suitable for structured body fitted and catesian cut cells
« various filters and Artificial Selective Damping (ASD) for ,short wave® components

« computing fluctuations over a background flow (RANS)

» Governing Equations in Piano:

» APE (Acoustic Perturbation Equations)
» LEE (Linearized Euler Equations)
* Viscous formulation

» Navier-Stokes Equations in Perturbation form (DNS, LES, WM-LES)

» Stochastic Sound Sources by FRPM
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2D CAA: Jet Flap Interaction Noise

Nozzle and HLD definition: ARTEM; RANS readily available
Bypass Ma =0.7; Core Ma =0.85

Free-flight condition; Coflow Ma = 0.175 (60 m/s)

chord, C/D ~ 1.9, height, H/D ~ 0.5, flap deflection = 15°

CAA: GE in PIANO - Linearised Euler Equations (LEEs) with mean
flow gradients included (supports the growth of instabilities)

FRPM => Vorticity based stochastic sound sources

CAA domain

ay

FRPM around the flap TE
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2D CAA: JFI Noise

Feasibility of using semi-empirical, fast methods for installation noise: Enabling “design studies”

Baseline: solid flap TE

above wing

Installation ,,hump* below wing

b

SPL [dB]
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2D CAA: JFI Noise Reduction
Porous Flap TE: Porous Aluminium: PA 80-110

Volume Averaged LEE + FRPM (ER); Porous materials modelled with linear Darcy and Forchheimer term
(Rossian et al, 1JA, 2020)

Porosity ¢ = 0.46

Permeability 1 = 1.36 x 1079m? & ky = 4.5 x 10~ 9m?

Porous insert length = 0.5

solid flap TE

IlOdB

SPL [dB]

1 1 I 1 T ) l 1 I

porous flap TE: PA80 K|
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SPL [dB]
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solid flap TE ;
porous flap TE: PA80 |
porous flap TE: PA80 K9




DLR.de ¢ Chart9 DJINN Midterm Conference 2021

High Fidelity Computations in PIANO

Perturbed compressible NSEs

0
8_;) + V- (pv) =0,
compressible NSE o Vp V-1
—+ (v Vo —=—"—o
ot p p

9p

5 TU Vot wVeo=(=1(r- V) v - (y-1)V-q

decomposition p=p0—|-p', V= ’vo—f-’v', p=p0+p’, T ZTO—FT’, q= qo—l—q'.
Ewert et al. AIAA (2014), Akkermans et al. IJHFF (2018), Ananthan et al. JSV, 2020
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High Fidelity Computations in PIANO
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High Fidelity Computations in PIANO

NLDEs - Morris et al. (1997), Labourasee and Sagaut (2002), Batten et al. (2007)

So, a mixed fidelity approach - disturbances computed on top of the background flow

0

d —
7+f(¢’,¢°)=—f(¢°) with | ¥ #£ 0

Reconstruction of Turbulent Fluctuations
Using a Hybrid RANS/LES Approach

E. Labourasse and P. Sagaut!

ONERA, CFD & Aeroacoustics Department, 29 av. Division Leclerc, 92 Chatillon, France

E-mail: sagaut@onera.fr

Received January 26, 2001: revised June 27, 2002

more accurate turbulent statistics were obtained when an
LES computed background flow is used

with a wall normal resolution of y+ = 4.8, turbulent statistics
obtained were of same quality as of classical wall resolved
LES with a resolution of y+ < 1: Implicit Wall Model

if a low-fidelity RANS solution is used for the background
flow, the time averaging of perturbations resulting from the
NLDEs may result in a non-zero value. If so, this steady part
should be considered as a correction to the used RANS
background flow
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Wall Modelled LES and NLDE RANS

P &
Wall-modeled LES (WMLES) ot i o
inner layer (y/6 < 0.2) modeled, outer layer (/8 2 0.2) resolved ‘.-"' i ..-"' \
7 \ ITTTTFTAIN 7
- o o .."o. 0
P /
I: Hybrid LES/RANS II: Wall-stress-models f (7,0 ) f (w )
LES defined only for y > yi > 0 LES extends all the way to the wall at y = 0 IR l"
(a) seamless: yiy set by grid and/or solution (a) math-based: based on other than physics arguments
(DES as wall-model, IDDES, ...) (control-theory, filter-based, ...)
(cf. Nikitin et al., 2000; Shur et al., 2008, ...) (cf. Nicoud et al., 2001; Bose & Moin, 2014, ...) NLDE, ,Overset LES®
(b) zonal: y;, set by the user (b) physics-based: generally RANS-like models
(most LES/RANS approaches) (i) no wall-parallel grid-connectivity
(cf. Baurle et al., 2003; Temmerman et al., 2005, ...) (algebraic, ODE, ...)

(cf. Schumann, 1975; Kawai & Larsson, 2012, ...)
(ii) with wall-parallel grid-connectivity
(PDE, momentum integral, ...)

From Larsson et al. (2016) (cf. Balaras et al., 1996; Yang et al., 2015, ...) R e sy
25 — — — - viscous sublayer ]

e R 1

Overset ——+—— Werner-Wengle |

LES - Musker-Monkewitz ’/ ]

L ! al il

Seamless/zonal u,p, T Yl . ]
/-i =1 ; ,J : E
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st z ]
: 4 WEF
l I AN

y+

Ayt = 1 Ayt = 107 W 4, WEF, 1-D PDE, RANS

Explicit time integration

DLR
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High Fidelity Computations in PIANO

Inflow Forcing via FRPM:

= Volumetric inflow forcing via Fast Random Particle Mesh method (FRPM) Ewert, Comp. Fluids, 2008
= 3D + 1D synthetic turbulence + strictly ,,Divergence-free” forcing

Injection to Navier-Stokes Equation:

»~Acoustically transparent” Eddy Relaxation Term: Ewert et al., AIAA, 2014, Akkermans et al. IJHFF (2018)
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LES of Jet Flap Interaction Noise

Simulations in EU H2020 ARTEM: A. Neifeld and R. Ewert (TEA, DLR)

90° below the wing
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LES of Jet Flap Interaction Noise

Simulations in EU H2020 ARTEM: A. Neifeld and R. Ewert (TEA, DLR)

.,] ..1 "
110 120
OASPL [dB]

/

ML1

ML2

110 120




DLR.de ¢ Chart 16  DJINN Midterm Conference 2021 ‘

Complex geoemtries in Piano... 7

Sharp Interface Immersed Boundary Condition (IBC)
Dierke, DAGA Proceedings, 2021

Example: Cleansky ADEC, 2 kHz tone (SFB 880 A

Total number of mesh points (IBC) = 414.6 M [-]
b=28,74m

1944 cores (31 nodes) —
100 kCPUh, T = 120 ms

i DLR
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High Fidelity Computations in PIANO

Sharp Interface Immersed Boundary Condition (IBC) in Piano: APE, LEEs, NLDEs

PIANO (IBC)
JEQS 26-05 5E05 8E-05 V. Ananthan I¥iue. | R |

DU-96: FRPM Volume Forcing & IBC

NLDE

Stochastic volume inflow

forcing (acoustically silent)

Source: Dierke (TEA, DLR)
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Conclusion

» 2D CAA chain based on stochastic sound sources for JFI noise: qualitatively
predicts the installation effects.

» JFI noise reduction using porous materials: ,installation hump® is unchanged.
4dB reduction in Moderate to higher frequency ranges.

= Numerical framework for high fidelity computations in Piano

= LES of JFI noise based on NLDEs; Reduction attempted with mould line
design

* Immersed boundary methods in Piano for complex geometries for APEs, LEEs
and NLDEs, for e.g., full scale configuartion in DJINN.
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