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Motivation

Source: www.fantassy.nlr.nl

Source: www.irkut.com Ch. 3              Ch. 4             Ch. 14
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Test rig
TsAGI anechoic chamber AC-2

Single-stream round jet, D=40 mm

Wing is simulated by a rectangular plate
1.2m x 0.35m x 0.003m

Installation parameters:
h = D,  d = 3.2 D (the edge in the linear 
hydrodynamic field)

Mj = 0.4, 0.53, 0.6, 0.7, 0.82, 0.88
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Far-field acoustic measurements were conducted by an 
azimuthal array

(Faranosov et al. 2017)
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Mj = 0.4, 0.53, 0.6, 0.7, 0.82, 0.88
30 microphones:
• 3 conical surfaces (C1, C2, C3)
• 5 array positions
• x/D=0.5,1.5,…7.5

Experimental investigation of the near-field structure
Detailed description of the experiment may be found in Kopiev et al. (2017)
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Typical near-field spectra of the total signal and its azimuthal modes. Mj = 0.53
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Experimental investigation of the near-field structure
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Azimuthal modes Mj=0.4
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Experimental investigation of the near-field structure
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Near-field pressure pulsations on the surface C1 for Mj = 0.4 

Experimental investigation of the near-field structure

mode n = 0

mode n = 1

Spatial envelopes                          Relative convection velocities

An, δn, Mn – can be taken from experiments or numerical simulation
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Spectra at sideline direction
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Faranosov et al. (2017, 2018)

Distribution on the line



35Computational Experiment in Aeroacoustics, 19-22 September 2018, Svetlogorsk

A method of jet-wing interaction noise prediction at low frequencies

Installation noise modeling
Model simplification

n=0, 1, …

n=0, 1, …
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Installation noise modeling
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n=0, 1, …

n=0, 1, …

sin( / 2)
( , )

cos
n n n

n
sn n

p r A C
M

M
k

 

+




 

2

2 2 2

0 1 0

0

sin( / 2)
( , ) ( )

1 cos
totalp r A A C

M

 
 +   

− 





(Dowling et al. 2017)

Model simplification



38Computational Experiment in Aeroacoustics, 19-22 September 2018, Svetlogorsk

A method of jet-wing interaction noise prediction at low frequencies

• Introduction

• Analytical model description

• Examples of application of the model

- Jet-plate config. - comparison with experiments

- Jet-plate config. - comparison with CAA results

- Jet-wing-flap config. - comparison with experiments

• Conclusion

Outline



39Computational Experiment in Aeroacoustics, 19-22 September 2018, Svetlogorsk

A method of jet-wing interaction noise prediction at low frequencies

U
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Low-frequency noise was calculated 

by three methods:

1. FW-H acoustic analogy

Snapshot of P and U 

Computational domain: 80D x 80D
Grid: 27 mln cells
GPUs: 4 x GTX Titan black
Cold jet, Mj=0.53

The goal of the simulation is to verify the analytical model.

The GPU CABARET solver is used (Markesteijn et al., 2015)
Numerical simulation of the installed jet
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U

P

Numerical simulation of the installed jet

Computational domain: 80D x 80D
Grid: 27 mln cells
GPUs: 4 x GTX Titan black
Cold jet, Mj=0.53

The goal of the simulation is to verify the analytical model.

The GPU CABARET solver is used (Markesteijn et al., 2015)

Low-frequency noise was calculated 
by three methods:

1. FW-H acoustic analogy

2. On basis of the plate sensors

3. On basis of the free-field sensors

Snapshot of P and U 
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Numerical simulation of the installed jet
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Numerical simulation of the installed jet

Near-field spectra
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Numerical simulation of the installed jet

Near-field spectra

Far-field spectra Directivity for St=0.2
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Assessment off the pressure pulsations 
levels on the wing-flap system (2017) 

Model in AC-2

Flush-mounted pressure 

sensors on the wing

Realistic configuration

Far-field measurements (Belyaev et al. 2015) 

Amplitude and phase speed can be assessed

Swept wing, flap, double-stream nozzle
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Realistic configuration

Far-field measurements (Belyaev et al. 2015) 

Swept wing, flap, double-stream nozzle

10 dB
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Conclusion

• Robust analytical model of low-frequency jet-wing interaction noise 
prediction is developed 

• The model allows to predict spectral properties and directivity of the 
installation noise based on the characteristics of the azimuthal modes 
in the jet near-field 

• If the wing is not deeply inserted into the jet shear layer, the model 
may be simplified so as only the amplitude and phase speed of the total 
pulsations near the TE are required

• For simplified and realistic configurations, the model gives quite good 
prediction of the installation noise on basis of the pressure pulsations 
of the isolated jet as well as pulsations on the wing
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Thank you for attention !
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L jet is represented in terms of superposition of quadrupole-type sources 
(Kopiev&Chernyshev, 2012). 
The sources are assumed to be compact and possess certain stochastic properties 
(Tam&Auriault, 1999) dictated by experimental results.

Locally parallel, low-frequency approximation
See details in Kopiev&Chernyshev, AIAA 2015-3130
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Installation noise modeling

L inst is modeled on basis of the approach proposed in Bychkov et al. AIAA 2016-2932. 

It is assumed that the near-field of the isolated jet can be considered as incident 
field on the plate, near-field pulsations are assumed to obey wave equation. 
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