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• Roe`s flux difference splitting method.

• Monotonicity-preserving scheme MP9 [A. Suresh, H.T. Huynh, JCP

1997, V.136, P.83-99] with upwind 9th-order approximation in

smooth regions for calculating flow parameters on cell faces. It

makes possible to calculate supersonic flows with shocks without

modification of the method.

• LES with implicit SGS-model (ILES): the scheme viscosity performs

a function of a subgrid scale (SGS) model.

• In ILES region, the distance in dissipative term of Spalart–Allmaras

turbulence model is changing:

ሚ𝑑 = 𝑑, 𝑑 ≤ 𝐶𝐼𝐿𝐸𝑆Δ𝑀𝐴𝑋

ሚ𝑑 = 0, 𝑑 > 𝐶𝐼𝐿𝐸𝑆Δ𝑀𝐴𝑋 𝜈𝑡 = 0

𝜈𝑡 = 𝜈𝑡𝑅𝐴𝑁𝑆

RANS/ILES HIGH RESOLUTION METHOD

Main features:

Lyubimov D.A. High Temperature, Vol. 50, No. 3, pp. 420-436., 2012. 
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NPR 1.86×105

T0 300K

Uj 313 m/s

Mj 0.985

Re 1.2×106

Grid 3.1 ×106 cells

Longitudinal section of 

computational grid

Simulation parameters:

•At the entrance to the nozzle: the total
pressure and temperature and the angle of
the velocity vector.
•On the left and lateral border: the far field
asymptotic of the jet.
•On the nozzle surface: wall function/no-
slip wall.
•On the right border: outlet boundary
condition (parameters extrapolation).
The computational grid step to the
boundary of the computational domain
increases to exclude reflections from the
outlet boundary

Calculations were carried out in a

structured multi-block grid. Grids contains

72 cells in the azimuthal direction.

The calculations of the jets were performed

in conjunction with the calculation of the

flow in the nozzle.

SMC000

Simulation parameters, computation grids
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Flow characteristics

Isosurface of Q-criterion
Distributions of longitudinal velocity 

fluctuation at the mixing layer

Distributions of averaged longitudinal 

velocity along the jet axis

The field of 𝐥𝐨𝐠( 𝐠𝐫𝐚𝐝𝝆 )
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Near field from

RANS/ILES

Ffowcs-

Williams & 

Hawkings

Far-filed noise+ =

• Average end cups method - M L. Shur, P. R. Spalart, M. Kh. Strelets Noise

prediction for increasingly complex jets. Part I: Methods and tests. //

International Journal of Aeroacoustics, V.4, No. 3&4, pp. 213-246, 2005.

• Forward time steping method - Ozyoruk Y., Long L. A New Efficient

Algorithm for Computational Aeroacoustics on Parallel Processors // JCP 1995,

V.125, P.135-149

Far-field noise calculation
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Far-field noise characteristics

1/3-octave noise spectra of jets for 

observation angle of 90°

1/3-octave noise spectra of jets for 

observation angle of 30°

Overall sound pressure level

• OASPL is well agreement with the experimental data within 0.5-1.5dB for observation

angles of 30° – 130°.

• Spectrum of jet correspond to experiments within 0.5 to 2.5 dB at St=0.06-4.


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Field of instantaneous static pressure

• It is known that there is the depression in the

middle part of the mixing layer. The average

value of it is 3-4% of the dynamic pressure.

It is due to pulsation and movement

according to Townsend.

• However, there are areas of high pressure in

the mixing layer on the instantaneous flow.

• Linear scale of low pressure areas increases

with distance from the nozzle exit.

• Streamlines are entering in low pressure

areas and bending around the areas of high

pressure.

Isosurface of instantaneous static 

pressure P = Pamb-0.03ρUj
2/2

Mixing layer

Field of time averaged static pressure
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Pressure distribution in low pressure areas Linear scale of low pressure areas

Xmin – the position from nozzle exit of minimum of low pressure area

X0 – for the same position of the minimum in low pressure areas

Low pressure areas in mixing layer

• Linear scale increases with distance like y=0.385x.

• Low pressure areas are similar.
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Instantaneous phase of pressure

FFT
Pressure field Pressure realization

Spectrum of pressure realization Instantaneous phase of pressure
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Phase of pressure for St=1 Pressure field

Animation of pressure phase for St=1

• The acoustic perturbations are formed out of the jet mixing layer, but their

appearance is due to intermittent motion of low and high pressure areas i.e.

intermittency of turbulence in the jet mixing layer.
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Phase of pressure Phase of vertical velocity component

Animation of pressure and velocity phase  for St=1

• The field of pressure and vertical velocity component phase are equal

outside from jet and are different close to jet mixing layer.
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t=t0+1/4T

Vertical distribution of pressure and velocity phase for St=1

t=t0

t=t0+1/2T
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Animation of pressure phase  for different St

St=0.5 St=1

St=1.5

• The distance between fronts are

correspond wave length.

• The waves velocity for different St

number are same and equal

sound speed.
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Vertical distribution of pressure and velocity phase

• The phase distributions have

same structure as for St=1.

St=0.5 St=1

St=1.5
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Conclusion:

• There are areas of high pressure in the mixing layer in the instantaneous

flow.

• Linear scale of low pressure areas increases with distance from the nozzle

exit.

• The phase analyze show that the acoustic perturbations are formed outside

of the jet mixing layer

• There are region where velocity and pressure phase are different and place

where they difference equal 90°.

The future tasks:

• Closer study of velocity and pressure phase behavior for various solution

time and St number.

• Using of this type of analysis for low velocity jet (Uj≈200m/s).
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Thanks for attention
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For any grid point and time step tn we may do Fourier transform:

Fourier Transform

k = 0,…, Δn-1

k – index of frequency;

l – time step number;

Δn – amount of processed time steps;

T= Δn·Δt – length of processed time;

Xi,j(k)– set of complex amplitudes;

arg(Xi,j(k))– phase for k index.

At first, there is an accumulation of pressure values at each time step

in each point of the cut during calculation. As result, there are the pressure

realization in each point of cut.


