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Introduction

Targeting noise reduction, the goal of our modelling ef-
forts is to provide a mechanistic understanding of noise
generation in turbulent, subsonic jets. Thus, we perform
flow decompositions, representing several optimal prin-
ciples. In particular, a noise optimized flow decomposi-
tion into ”loud” and ”quiet” modes is performed by an
extension of the proper orthogonal decomposition (POD)
termed the most observable decomposition (MOD).

Data base

The hydrodynamic near-field and the aeroacoustic far-
field are provided by numerical simulations. An ensemble
of 725 snaphots of the three-dimensional velocity field u

of a Ma=0.9, Re=3600 turbulent jet is calculated by a
large eddy simulation [1]. The aeroacoustic far-field p is
represented by 76 pressure sensors, situated at a line par-
allel to the jet axis (see Fig. 1). The sensor signals are
determined by a Ffowcs Williams-Hawkings solver. The

Fig. 1: Flow configuration.

Lamb vector field L = u × ∇ × u is considered as aero-
acoustic source field, based on the Acoustic Pertubation
Equation analogy proposed in [2]. A Reynolds decompo-
sition has been carried out, which decomposes the veloci-
ty, aeroacoustic source and aeroacoustic far-field into the
ensemble averages and fluctuating parts

u = 〈u〉 + u′, L = 〈L〉 + L′, p = 〈p〉 + p′, (1)

where the brackets < . . . > denote the time averaging

operator 〈u〉 = lim
T→∞

1

2T

T∫
−T

dtu. The streamwise distri-

butions of the fluctuation levels of u′ and L′,

K2D(x) =

∫
dy dz

〈u′ · u′〉

2
, Q2D(x) =

∫
dy dz

〈L′ · L′〉

2
, (2)

are shown in Fig. 2. Both curves show a distinct peak
level. The peak of the Q2D(x)-curve is more pronoun-
ced and the curve drops off faster towards the end of the
domain. This result indicates a bounded spatial extensi-
on of the acoustically active region, whereas the kinetic
energy K2D(x) is still high in a downstream region.
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Fig. 2: Streamwise distribution of the fluctuation energy
K2D(x) (left) and the fluctuation level of the aeroacoustic
source Q2D(x) (right) over the streamwise component.

Azimuthal Fourier decomposition

An azimuthal Fourier decomposition is performed on the
snapshot ensemble. In Fig. 3 the distribution of turbulent
kinetic energy KΩ (TKE) and aeroacoustic source level
QΩ (ASL)

KΩ =

∫

Ω

dx
〈u′ · u′〉

2
QΩ =

∫

Ω

dx
〈L′ · L′〉

2
(3)

is shown. More than 95% of TKE is contained in 21
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Fig. 3: Distribution of TKE (right) and ASL (left) in azimu-
thal Fourier subspaces. These distributions are displayed over
the wavenumber l, where TKE of the azimuthal sine subspace
and TKE of the azimuthal cosine subspace are summed up for
each wavenumber.

azimuthal subspaces. The acoustically most important
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events are captured by these subspaces [3]. Moreover, mo-
re than 90% of ASL is contained in these 21 azimuthal
subspaces.

Reduced-order representations

Reduced-order representations of velocity, aeroacoustic
source and aeroacoustic far-field are performed utilising
POD. Fluctuations are approximated by the linear ex-
pansion into POD modes

u′ ≈

K∑
i=1

au

i (t)ui(x), L′ ≈
L∑

i=1

aL

i (t)Li(x), (4)

p′ ≈

M∑
i=1

a
p
i (t) pi(x). (5)

The POD modes ui decompose the velocity most effi-
ciently for TKE, whereas the POD modes Li decompo-
se the aeroacoustic source field most efficiently for ASL.
The far-field POD modes pi decompose the aeroacoustic
source level most efficiently for the level of aeroacoustic
far-field fluctuation, which is here termed noise

ZΓ =

∫

Γ

dy
〈p′ · p′〉

2
. (6)

POD is applied to each of the 21 azimuthal subspaces.
Thus 725 · 21 = 15225 POD modes are determined. The
residuals of the resulting reduced-order representation of
velocity field and of aeroacoustic source field are shown
in Fig. 4. Only 50% of TKE is resolved by the first 350
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Fig. 4: Residuals of reduced order representations of velocity
field (left) and of aeroacoustic source field (right). Unresolved
TKE of the velocity field and unresolved ASL of the aeroa-
coustic source field are displayed relative to its total levels
over the POD mode index.

POD modes ui of velocity. Even more disenchanting for
a straight forward reduced-order modelling, only 30% of
ASL is resolved by the first 350 POD modes Li. Thus,
a more goal-oriented reduced-order modelling strategy
described in the next paragraph is motivated.

Further reduced-order representation results and details
are contained in [1].

Loud and quiet flow modes

The POD of near-field velocity and far-field aeroacoustic
field are utilised to construct loud and quiet flow modes
u∗

i
, which decomposes the velocity fluctuation

u′ ≈
N∑

i=1

a∗

i (t)u
∗

i
(x) (7)

most efficiently for correlated far-field noise

ZC
Γ

=

∫

Γ

dy
〈p′(u′) · p′(u′)〉

2
, (8)

introducing a relationship p′(u′) of near- and far-field
fluctuations. Thus, the construction of loud and quiet
mode is attributed to the modelling of this relationship.
In the MOD, a linear relationship

p′ = Cu (9)

is proposed. C is produced by linear stochastic estimati-
on, based on the Fourier coeffcients of near- and far-field
POD, see [4]. The MOD modes are thus defined to be
the pseudoinverse images of far-field POD modes

u∗

i
= C− pi. (10)

The MOD resolution of correlated noise is shown in Fig.
5. Surprisingly, more than 90% of the correlated noise is
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Fig. 5: MOD resolution. The cumulated resolution of corre-
lated noise is displayed in percent over the MOD mode index.

resolved by only 24 MOD modes! Thus, the MOD me-
thod enables reduced-order modelling for the control of
jet noise dynamics.

Further MOD results are detailed in [4].
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