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Motivation
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Goldstein generalized acoustic analogy

» Frequency domain
» Laminar viscous terms are negligible
» Just the 90 degrees angle is considered (no meanflow effects in propagator)
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Current approach: compute the second

order statistics
Complex far-field pressure value:
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Previous approach

Compute components of the 4" order auto
covariance tensor for obtaining the acoustic
power (6 dimensional space + time or
frequency)
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The 4t order statistics are typically very slow
to converge outside of the jet shear layers

LES data are less
converged

' Outer jet edge
Model fails

Areas of good fit

Inner jet edge
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Karabasov et al 2013



Computer memory requirements

Example for problem size =5 mln cells

2"d order statistics | 4th order statistics | 4 order statistics
(10 components) (all components)

data 260 Gb 160 Tb 480 Tb
# core ~150 cores ~80,000 cores ~240,000 cores
with 2Gb RAM

Several orders of magnitude more efficient



The conditions of RR blind test: new QinetiQ

D=0.1016 m

Cold static jet
V;/c,=0.875

Hot static jet
Vj/c0=0.875

Cold jet with co-flow
V;/c,=0.875

Hot jet with co-flow
V,/c,=0.875

experiment
T/To=1 V=0 ~SHJAR Sp7 jet
T/T;=2.5 V=100 m/s Tanna, 1977
QinetiQ, 1983
T,/T,=1 V,=0

T/Ty=2.5

V,=100 m/s




CABARET Monotonically Integrated LES Solver

21 min grid cells
2048 MPI cores

Statistic data 260TU
Computational time 2 days per case

ARCHER

(national resource)
UK flagship supercomputer
1k-4k MPI procs
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https://www.archer.ac.uk/
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Cold jet without co-flow, V./c,=0.875, T./T,=1
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Cold jet with co-flow, V/cO 0.875,T/T,=1, M_=0.3
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Hot jet without co-flow, Vj/co=0.875, Tj/TO=2.5

mean U,m/s, T,K central line rms(u’), rms(T’) lip line
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Hot jet with co-flow, Vj/c0=0.875, Tj/TO=2.5, M_=0.3

mean U,m/s, T K central line rms(u’), rms(T’) lip line
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FWH, 10 and 21 mIn meshes

Cold static jet, 90° . Hot static jet, 90°

55 55
© ©
E': 45 - —FWH, 20 min EI: 45 — —FWH, 20 mIn
“ 40 - —FWH, 10 min “ 40 — —FWH, 10 min

35 7= =——NASA,SP7 35 T —exp., QinetiQ, 1983

30 | | 30 | | 1

0.01 0.1 1 10 0.01 0.1 1 10

St St



SPL, dB
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Cold static jet, V,/c,=0.875
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Component noise source analysis
for observer (0,-12,0)
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Component noise source analysis
for observer (0,0,12)
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Hot static jet, Vj/c0=0.875, Tj/TO=2.5
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Component noise source analysis
for observer (0,0,12)
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Acoustic predictions for the hot jet
with the co-flow: Goldstein acoustic

The noise predicted
by the Goldstein
analogy method for
the jet with coflow
M=0.3 is~5dB
lower in comparison
with the reference
static jet;

This is consistent with
the experimental
observation that the
jets with cofow are
quieter by 2dB for
each M_=0.1
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Black = hot jet without co-flow, exp. QinetiQ
Green = hot jet without co-flow, FW-H

Red =hot jet with co-flow, Goldstein analogy
based on the free-space Green’s function



FW-H with/without the closing disks (using
same control surfaces as for the static jets)
vs the Goldstein acoustic analogy
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Red = hot jet with co-flow, FW-H, 4 closing
disks, with free-stream convection

Black = hot jet with co-flow, FW-H, 4 closing
disks, without free-stream convection

Blue = hot jet with co-flow, Goldstein analogy

Pseudo sound: need a larger control
surface for the jets with co-flow?



Noise Source Density at St=0.2
for cold jet and observer (0,12,0)

Full source

The
dominant
source is

fluctuating "~
Reynolds
stresses
~VYVVV

-0.15 -0.12 -0.08 -0.06 002 001 004 0.07 0.10 0.13




Full source

The
dominant
source is
enthalpy

fluctuations
~vh’vh’

Noise Source Density at St=0.2
for hot jet and observer (0,12,0)
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Sensitivity to length of the source
volume

90 degrees, cold jet without co-flow
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SPL, dB
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Conclusions

» Post-processing LES data based on second order statistic data

» In several orders of magnitude more efficient in comparison with previous
approaches

» More robust in comparison with FWH method

» Cold static jet

> Turbulent stresses are the main source of far-field noise

» Enthalpy fluctuations and turbulent stresses multiplied by velocity gradient tensor
are negligible

» Far-field noise in far field for 90 degrees in r-direction mainly produced by T,

» Hot static jet

» Enthalpy fluctuations are the main source of far-field noise

» Turbulent stresses and turbulent stresses multiplied by velocity gradient tensor are
negligible

» Main source of the far-field noise for 90 degrees is T, term



